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Formation of Molybdenum Boride Cermet
Coating by the Detonation Spray Process
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The effects of the powder particle size and the acetylene/oxygen gas flow ratio during the detonation spray
process on the amount of molybdenum phase, porosity, and hardness of the coatings using MoB powder were
investigated by x-ray diffraction (XRD), scanning electron microscopy (SEMtc.The results show that the
presence of metallic molybdenum in the coating results from decomposition of MoB powder during thermal
spray. The compositions of the coatings are metallic Mo, MoB, and MB, which are different from the
phases of the original powder. The amount of molybdenum phase increases monotonously with the
oxygen/acetylene ratio, but the increasing rate for the fine powder is faster than that for the coarse powder.
The porosity and hardness of the coating are related to the amount of molybdenum phase. The phase
constitution of the coating is discussed.

Keywords acetylene, coating, detonation spray, molybdenum, t0 10um and 10 to0 3Q'Lm X-ray dlffra(?thn (XRD) was per-
molybdenum boride formed under the conditions of G, radiation, 50 kV voltage,

and 40 mA current. Figure 2 shows the XRD patterns of the
powders and indicates that the main phaseadvioB, 3-MoB,
1. Introduction and some MoB for the fine powder, and metastaigeMoB

and MoB, phases for the coarse powder. Other phases corre-

Molybdenum carbide and boride coatings have been exten-sponding to the peaks of§2= 32.5 and 38.4° shown in the

sively used for a variety of engineering applicati®rend they XRD pattern cannot be identified from the JCPDS cards. Nei-
exhibit high hardness, good wear, and scuffing resistance. Theher powder contains molybdenum metal or low boron phase
phase constitution of the coatings is extremely important for the Mo,B.
different applications. Molybdenum carbide and boride, such as
MoC and MoB, have high melting points (MoC: 2650 °C, and
MoB: 2600 °C), which make it difficult for them to form coat- 2.2 Coating
ings by the high-velocity oxy-fuel (HVOF) thermal spray
method and easy for them to decarbWizturing the spray The powders were sprayed onto a Iqw-carbon §teel substrate
process by plasma or HVOF spray. Regulating the detonationOf,lox 10 mm area, degreaged, and grit blasted with coarse alu-
gas compositions could control the deoxidizing atmosphere inMina just prior to the detonation spray process. A Ukraine deto-
detonation thermal spray, which is propitious to forming a good N&tion gun spray (DGS) was used, and the process parameters
coating of molybdenum carbide and boride during the spray &€ given in Table 1. _
process. Plasma spray coatings of molybdenum carbide and its 1ne temperature of the detonation process depends on the
wear resistance have been reported alréablyt the formation composltlon of the co_rnbustlble gases. This is important for the
of molybdenum boride coatings, in particular directly from MoB Properties of the coatings formed from these powders, because
powder, has not been reported. In the present study, two poW_the phase const|_tL_Jt|on of the coatings strongly depen(_js on ther-
ders, fine and coarse of primary phase MoB with other phasedn@! spray conditions. An advantage of the detonation spray
such as MoBand MgBs, were used in the detonation spray method is that its temperature and comb_u_stec_zl gases can be
process. The effect of the gas flow conditions during detonationcontrolled over a larger range and the deoxidization atmosphere

thermal spraying on the microstructure, porosity, and phase con£&n be maintained through controlling the flow ratio of oxy-
stitution of coatings was investigated. gen/acetylene and nitrogen dilution. An oxygen/acetylene ratio

from 1.1 to 1.4 and nitrogen dilution of 10 to 25% were supplied
in this experiment.

2. Experimental Methods Phase constitution on the coating surface was examined by
XRD, and the quantity of molybdenum in the coatings was cal-
2.1 Powders for Spray culated from the intensity ratio of the XRD peaks. The mi-

) ) ] crostructure on cross sections of the coatings was observed by
Figure 1 shows the scanning electron micrographs of the gntical microscopy and scanning electron microscopy (SEM).
powders, where it can be seen that the particle sizes are about 3¢ porosity of the coatings was determined from sectioned

specimens by image analysis and statistical averaging tech-

Gao Yang, Hei Zu-kun, Xu Xiaolei,andXin Gang, Institute of Mate- niquesl- The hardness of the coatings was measured .by a diamond
rial and Technology, Dalian Maritime University, 116026 Dalian, pyramid hardness tester model of HV-6 (Heng-yi, made in
China. Contact e-mail: gaoyang@mail.dlptt.In.cn. Shanghai, China) at a load of 300 gf.
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Fig. 2 XRD patterns of the phase constitution for the fine and coarse
powders
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Fig. 1 SEM morphology of the fine and coarse powders used for det-
onation spray coatinga) fine powder andh) coarse powder
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Table 1 The process parameters for molybdenum boron A ‘I“‘

coating W u Oxyger:/acetylene
1.23
5 4

Powder feed rate 80 g/min et}
Supplied gases Acetylene, oxygen, and nitrogen
Nitrogen dilution 15, 20, and 25% 33 3 0 45 47
Oxygen-acetylene ratio 1.1-1.35 Degree 26
Fig. 3 XRD patterns of the sprayed coating with different powders at
different oxygen/acetylene ratios
3. Results and Discussions nation process results from the deboronization reaction betwee

the detonation gases and the powder MoB.

Although the formation of the MoB phase in the coating was

X-ray diffraction patterns of the sprayed coating are shown considered possible according to the heat of formation and th
in Fig. 3, in which the numbers represent the oxygen/acetylenephase diagram, precise XRD studies on the coating suggest t
ratio during spraying. The main phases on the coatings are MoBfollowing process. If there is a low partial oxygen pressure in the
Mo,B, and metallic Mo, which are different from the phases of detonation gas, boron on the surface of the MoB particles is mos
powders whose primary phase is MoB. It is reasonable that theoften oxidized to BOs;, which would be vaporized before im-
formation of Mo and MgB phases in the coatings by the deto- pacting on the substrate. This results in the loss of boron fro

3.1 Phases of the Coatings
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Fig. 4 Mo-B binary phase diagrdth

the surface of the MoB patrticles, which would cause the melting 100
temperature to decrease and form particles ofByiMo, or
Mo,B-Mo eutectic alloys, as expected with the Mo-B binary sys-
tem® in Fig. 4. These factors enable the detonation process of
MoB with a gas mixture of a relatively low temperature, al-
though MoB has a high melting point of 2600 °C. The relative
amounts of molybdenum phase in the coatings are calculated by ©
using the direct comparison metkfgtof integrated intensities
of MoB (021), MoB (111), and Mo (110) peaks in XRD patterns
as follows:

Fine powder

o]
o

phase (%)

601

Coarse powder
L 4

Amount of M

_ |(110)yo
0H =
MO = (028urep + 1(L10)go + | 11D res (Eal)

, S 0 ' ' ' '

Figure 5 shows the relationship between the oxygen/acety-
lene gas ratio and the amount of molybdenum phase in the coat- 1.0 1.1 115 12 125 13 135 14
ings at a nitrogen dilution gas of 20%. The presence of metallic Oxygen/Acetylene ratio
molybdenum in the coating results from decomposition of MoB
powder during thermal spraying, and the amount of the molyb- Fig. 5 Relationship between the oxygen/acetylene ratio and the
denum phase in the coatings increases monotonically as the oxyamount of the molybdenum phase on the coatings
gen/acetylene gas ratio increases. The increasing proportion of
molybdenum phase coatings sprayed with the fine powder is
greater than that with coarse powder under the same sprayin(é
conditions. It is impossible to form a coating using coarse pow-
der at oxygen/acetylene ratios lower than 1.1, since both tem-  Figure 7 shows the relationship between the porosity mea-
perature and partial oxygen pressure are not sufficiently high. Ifsured on the cross section of the coatings and the amount of the
a coarse powder with an oxygen/acetylene ratio more than 1.3!molybdenum phase. The porosity decreases from 1 to 0.4%
were used, the powder would be deposited on the liner of thewhen the amount of the molybdenum phase is increased from 20
gun. A gas condition map for the successful molybdenum boronto 42%. The porosity increases rapidly from 0.5 to 4% when the
coating is shown in Fig. 6. amount of the molybdenum phase is over 50% for the fine pow-

.2 Porosity and Hardness
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Fig. 6 Gas condition map for successful Mo-B coating
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Fig. 8 Relationship between the hardness and the amount of thg
molybdenum phase on the coatings
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amount of the molybdenum phase is larger than 20%, since t
hardness of metallic molybdenum is much lower than that of
MoB, the increase of the amount of the molybdenum phase i
the coating also results in a hardness decrease.

W

Porosity (%)
o

2 3.3 Microstructure

1 Figure 9 shows the SEM microstructure with different
amounts of the molybdenum phase in the coatings formed fro

0 the coarse powder. The black regions are mostly composed ¢

porosity, while the dark and bright areas, respectively, consist 0
0 10 20 30 40 50 60 MoB or Mo,B and metallic molybdenum.
Different phases can form in the coatings by controlling the
Amount of Mo phase (00) oxygen/acetylene gas ratio and using molybdenum boron po
) . ) ders in the detonation spray process. In this study, th
Fig. 7 Relationship between the amount of the molybdenum phase andq,y gen/acetylene gas flow ratio is 1.0 to 1.4. Such an atmos
the porosity measured on the cross section of the coating . . -
phere is excess in acetylene gas, since the oxygen/acetylene ra
necessary for complete reaction is 2.5, which can be calculate]
from the reaction equation

der coatings. The porosity decreases from 5 to 1.8% when the
amount of the molybdenum phase for the coarse powder coat:
ings is increased. Consequently, when the amount of the molyb- . . .
denum phase in the coating is small, most of the porosity in theThe process condmo_ns of (_jetonatlon spraying for Iowe_r poros
coatings appears in MoB particles that melted insufficiently. The 'Y @nd the best optical microstructure (Fig. 10) are listed in
porosity increases rapidly when the amount of the monbdenumTable 2.
phase is beyond 50%. The higher spray temperature results in
few larger holes in the coatings for the fine powder, which sug- :
gested that the small MoB particles overmelt at the condition ofconCIUSIOHS
the high oxygen/acetylene ratio. Compared with the fine pow-
der, significant porosity was distributed between the MoB parti- ®
cles for the coating formed from the coarse powder.

Coating hardness also depends on the amount of the molyb
denum phase (Fig. 8). When the amount of the molybdenum

50, + 2GH, = 2H,0 + 4CQ (Eq 2)

Coatings composed of Mo, MoB, and Moare formed by
the detonation spray process. The Mo phase present in coa
ings results from deboronization. The phase constitution of
the coatings can be controlled by the flow rate of the gases

phase is less than 8%, the MoB particles do not melt sufficientlye
and the contact between MoB particles is poor and directly re-
sults in low coating hardness. On the other hand, when the

Journal of Thermal Spray Technology

The amount of the molybdenum phase increases monoto
ically with the oxygen/acetylene ratio. However, the Mo
phase increase is greater for the fine powder.
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Fig. 10 Typical coating with the best optical microstructug):fine powder andh) coarse powder
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