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Formation of TiC Composite Layer on Ductile Iron
by Laser Surface Modification

Woo-Yeol Kim and Heung-ll Park

Abstract

Commercial ductile iron was coated with titanium and aluminum powders by low pressure plasma spraying and then
irradiated with a CO, laser to produce anti-corrosive TiC composite layer. TiC carbides were precipitated homogeneously
in a laser alloyed layer by in-situ reaction between carbon existed in the base metal and titanijum with thermal sprayed
coating. The formation of gas pores and brittle limited mixing zone with ledeburite microstructure in TiC composite layer
were surpressed by the complementary alloying of aluminum. The hardness of TiC composite layer obtained by addition
of titanium and aluminum was between 600 and 660 Hv, which was three times as high as the hardness of ferritic ductile
iron. From the results of isothermal oxidation at 1123K for 24 hours in air, high temperature oxidation resistance of the
TiC composite layer with aluminum was improved and doubled when compared with the TiC composite layer without

aluminum. (Received November 12, 1998)
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Table 1& £ A A AL 2 9 LApRate]
S e U JES Uepich 22 AL FAS
AZHL 100x120X 10 mme) =7|2 Ap¥F 2},
950°Cel| A 2/‘]7]' A3+ & x5k ferrite s} %z{iﬂ
£ 3}k (Fig. 1a &%), 183 dAj8d HASdS
o] AE 50x60X6 mm =7)2] Ao g slas)
Ko, At ko] A2 S A 7)7] fl3te] 9
& YOI BAARE T opA B2 A

£ Aol = A1 HE GAHE-Z(Showa denko Ltd.)
£ x}8-3l9] o, Fig. 1b~d= z}2 Ti 24, Al 2
2l ALTi §H2822] e} S SEM o2 333t 7o)},
TiE2H(99.5%wt.Ti)2] Q=R FE —45~+10 pm, Al¥-

Table 1. Chemical compositions and grain size of material
used
Base C Si Mn P S Mg [Ductile
metal :
wt.%) | 3.6 | 2.6 | 03 | 0.08 {0.005]0.043{ lon
Ti | 99.5wt.%Ti, —45 ~+10 um Showa
Spraying| A | 99.7wt.%Al, —105 ~ +30 um denko
d :
POWCCIST AL-Ti | Prealloyed Al-50.2%wt.Ti, Lid
—100 ~ +10 um

2H(99. 7wt %Al YT EFLE —105~+30 um, 277
Al-Ti FE2(50.2wt.%Ti)S] YE=FFE= —44~+10
ume|gich.

Fig. 2 & A3l A8 7t Fet=et 4133
(METECO 7MB, 80kW) % #olx FH/|AAA|
(CW CO; laser, MITSUBUSHI 25C)94 NS e}
Atk Bz} FAE Sebxoh §ARE, SARE
o FF9A, ABA % AL AREAL T4
glo] qlct. Hlo|A ZHiAe= 35 o R 2AFH=
Hlo| EA4He] Y SRl ZFe] §AMEE H 53
AR F3 ofZE b ¥97oA BHL AL

Fig. 1. Optical microstructure of base metal and scanning electron micrographs of spraying powders. (a) Ductile iron with
ferritic matrix, (b) Ti-powder, (c) Al-powder and (d) prealloyed Al-Ti powder.
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Fig. 2. Sketchs of (a) low pressure plasma spraying and (b)
laser surface alloying.
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Table 2. Conditions of low pressure plasma spraying and
laser surface alloying

Low pressure plasma spraying

Specimen groups DT | DA | DLAT | DAT
Pressure (X 10°Pa) 5.34 | 2.67 |2.67/5.34| 2.67
Pressure 13
Primary (X 10°Pa) :
gas Ar Flow rate 2.0
(X 107*m’/s) ’
Pressure 12
Secondary (X 10°Pa) ‘
gas H, Flow rate
(X 10_41113/5) 1-73 1.73 0.94/1.73 1.44
Plasma |Arc current (A)| 500 [ 600 | 500/500 | 600
conditions | Are voltage (V)] 60 | 55 | 55/60 | 55
Spraying distance (inm) 250
Thickness of coatings (um)| 230 | 110 | 110/75 | 190
Laser surface alloying
2300 Scanning
100
Power (W) (Multi-mode) | frequency
Traveling speed 0.83, 1.67, Scanning 5
of laser beam 3.33, 5.00 |width (mm)
(mm/s)
Defocused .
distance (mm) +50 Shield gas Ar

2300W, =ZA2] +50 mm, #o|x] HQ] o]|ELHr &
77} 0.83, 1.67, 3.33 2 5.00 mm/s 2 H3FA| 7] HA]
ol2 & 7IA 9171 FellA Zeol 50 mme| H|=E A|
Z3let. Hle]A Wle] o] FHxe Wl Dxx(7AS:
AFH RAEHS T AT AlH), DTxx
(Titde] 95 AH) Fo8 Fr]sidlor, xx2
FAE A o)A §le o] F5EE viEebiTt o
714 50& o)A Hl9] o]EZ& %7} 0.83 mm/s, 100
1.67 mm/s, 2002 3.33 mm/s, 3002 5.00 mm/s-&- }E}
et

o8 AY2ANA AZE A2pe] TAADZ
thgh Betalvld o SEM @, v|AAEAE, WDS
BAj(Jeol JXA8600), XA13)H A% (Rigaku, DMAX
2500) E-3led ol Heje] 27t FAZAFTHY
TiC2] E§sl3o it 22| 2 7A-FAYA S A ES]
How, 7] £ 7], 1123Kel|A] 24417 5]t A5=
£ &% (MAC SCIENCE, TG/DTA2000)3}¢4 TiC &-§}
2] J12- WAaks As& A E3FA o
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< A EH -—a}!_:%’ Aol wel f3 A AHA
Ho] AlH-H = #HolH 3 Av]Alo| £A]
2ro] R 2 E Hhe]Ee d-2 i)

3.2 &flo|x Azl FH5H
BNl d2sE

Fig. 4= S92 27 g+ 7ASAF4EY =
AEES Ae5 A2 v SR vj=9 dFxHq
Sz Abxle|th(DS0). wAle] vl= WS 44

xao| mAwsl U

x238

20 kW

Fig. 4. Microstructural changes of surface remelted ductile
iron. (a) bead section of D50, (b) SEM of ledeburite
in fusion zone and (c) hard-eye structure with
martensite in heat affected zone.

S, 49T 2 B2 FEEHT QIHFig. 4a).
-85 &3F-2 SEM 24| (Fig. 4b)ell A= F42] &
HAQl FY-1x2]Ql ledeburite 20| HAE]] 7,
F 3 -l A = ferrite 712] 8] FAFE-1FH o] marten-
site 2]o| F4to 2 Fu] Al gl BAIAL A
(hard eye structure)}g- X.${c}h(Fig. 4¢c). Fig. 5+ #|o)A

o] o] F& %5 0.83 mm/sol|A] 5.00 mm/s7HA] W3}

Fig. 3. Cross-sectional micrographs of plasma sprayed coatings on the ductile iron. (a) Ti-coating (DT), (b) Al-coating (DA), (c)
double layered coating of AI/Ti(DLAT) and (d) prealloyed Al-Ti coating (DAT).
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CO, laser power:2300W, Ddf.+50mm
Scanning frequency:100Hz, Scanning width:5mm
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Fig. b. Secondary dendritic arm spacing (A) and calculated
cooling rates (€) of surface remelted ductile iron
with the traveling speed of laser beam.
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CO: laser power:2300W, Ddf:+50mm
Scanning frequency:100Hz, Scanning width:Smm
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Fig. 6. Effects of various coatings and the traveling speed
of laser beam on the depth of fusion zone.
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Fig. 7. Cross-sectional micrographs of laser surface alloyed
beads. (a) Al-alloyed (DAS50), (b) Ti-alloyed (DT50),
(c) AlTi-alloyed (DLAT50), (d) Al/Ti-alloyed
(DLAT100), (e) Al-Ti alloyed (DATS50) and (f) Al-
Ti alloyed (DAT100).
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Fig. 8. Microhardness profiles of (a) D50, (b) DASO, (¢) DT50 and (d) DATSO0.
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Fig. 9. TiC crystals composited by in-situ reaction in laser
alloyed layer. (a) Al-Ti alloyed layer (DAT50) and
(b) Al/Ti-alloyed layer (DLATS50).
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SEM-WDS analysis of TiC crystal
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Fig. 10. (a) Typical morphologies of TiC crystals in Al-Ti alloyed layer (DATS50), (b) SEM-WDS analysis of TiC crystals and
(c) X-ray differaction pattern of TiC composite layer.
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Fig. 11. (a) Isothermal oxidation weight changes and (b)
oxidation kinetic curves for DT50, DATS0 and DA
50 oxidized in air at 1123K for 24 hours.
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