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1. INTRODUCTION

Fuji Die Co., Ltd. is a leading company of
hardmetal wear-resistant tools and molds in
Japan. Since our company was founded in the
year 1949, we have continued to manufacture
and provide high quality products for a wide
range of industries such as metalworking,
precision processing and machining. We have
gained a good reputation through our sincere
and immediate responding to the evolving
customer needs.

Recently, we expand our business in Thai-
land, China, Indonesia, Malaysia and India.
Especially, we established Fujilloy Thailand
Co., Ltd. as the delivery center in 2003 to meet
the national increasing demand of hardmetal
tool with high wear-resistance, and moved the
company in 2012 to a new manufacturing site
in Amata Industrial Park so as to manufacture
promptly tools and molds for more sophisti-
cated workpieces.

We provide hardmetal drawing dies and plugs
without or with CVD- or PVD-coating, hard-
metal ultraprecise wear-resistant tools, heat-
resistant tungsten based alloy (trade name:
FHR), super-tough wear-resistant iron based
alloy (KF2 alloy), self-lubricating composite
material (NF metal), Cu-W electrode material
for EDM (CE-08), fine ceramics, diamond and
cBN grinding wheels, etc., under the brand
name of FUJILLOY. These products are man-
ufactured by accepting the customers’ end-
less requests to diversification, sophistication,
long tool-life, and environmental problem, etc.
These manufacturing technologies are based
on powder metallurgy, machining and/or coat-
ing technologies.
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Our main new products and the research re-
sults on them have been published in Jour-
nals such as the Japan Society of Powder
and Powder Metallurgy, High Pressure Mineral
Physics Seminar-8 (HPMPS-8), Japanese So-
ciety of Tribologists, etc. Almost all of these
products and research results are highly
evaluated and have received “Award for De-
velopment in Research” from Japan Society
of Powder and Powder Metallurgy, “Award of
a Technology Advantage Product and En-
vironment-Conscious Product” from Japan
Cemented Carbide Tool Manufacturers’ As-
sociation and “Encouraging Prize” from Ja-
pan Sokeizai Center (Japan Material Process
Technology Center).

In this paper, we introduce our three kinds of
products with excellent sliding properties from
a viewpoint of tribology: (1) hardmetals for
plastic working, (2) DLC-coated hardmetals
having long tool- life, and (3) NF metal includ-
ing a self-lubricating solid component.

2. SLIDING PROPERTIES OF HARDMET-
ALS FOR PLASTIC WORKING

Hardmetals have high strength, high rigidity,
and high hardness, etc., compared with high-
speed steels or tool steels, and thus are more
broadly used as a reliable material of tools
and molds for plastic workings such as pro-
cessing, metalworking, stamping, cold forging,
and drawing, etc.1) In plastic forming where
workpiece is largely deformed by applying a
large force, the friction force and wear state
of the tool depend considerably on the kind
of workpiece material, operating conditions,
etc.

In recent years, for the purpose of addressing
environmental problem and cost reduction, the
lubrication condition for tool is changing to be
more severe, such as the lowering of lubricat-
ing oil viscosity by using water-soluble oll, the
reduction of lubricating oil usage, and the in-
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Fig 1. The schematic diagram of sliding test equipment

and test conditions.
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creasing of working stress for the increase of
deformation or production rate and the reduc-
tion of man-hours, etc. Accompanying these
changes, workpiece material tends to adhere
hardmetal tool. Thus, the improvement in the
sliding properties of tool materials is demand-
ed so as to reduce the adhesion between tool
and workpiece.

The appropriate standard index of the adhe-
sion resistance was not found. Then, in our
company, a simple sliding adhesion test is
conducted by using a scrach testing machine
shown in Fig 1. In this test, an aluminum al-
loy (AC2B) was used as a workpiece material.
The number of times of linear reciprocal slid-
ing for the adhesion occurrence was meas-
ured as the adhesion resistance.
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Fig 2. The influence of WC grain size and binder phase content of FUJILLOY hardmetals on the number of times of

sliding to adhesion occurrence.

The effects of WC grain size and binder
phase content of FUJILLOY hardmetals on
the resistance are shown in Fig 2. FUJILLOY
TFS06 and TMS05 having fine grain and low
binder phase content showed an excellent
adhesion resistance. This result was under-
stood as follows, taking into consideration the
observation result that the workpiece mate-
rial sticked mainly to binder matrix phase and
hardly to WC grain.
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(1) A part of binder phase chemically sticked
to the workpiece material is removed from the
surface of hardmetal, and thus the portion of
binder phase becomes a concave.

(2) When the depth of concaved binder
phase becomes large, the workpiece mate-
rial is thrusted into the concave. The adhesion
takes place when the depth of thrusted work-
piece material becomes such large that the
mechanical resistance of workpiece material
to the sliding becomes large.

(3) The depth of thrusted workpiece mate-
rial decreases with decreasing both depth and
width of binder phase. The values of these two
shape factors decrease with decreasing WC
grain size and binder content and thus the
adhesion tends not to occur with decreasing
these two microstructural factors.

SEM micrographs of FUJILLOY TFS06 and
TMSO05 with an excellent sliding properties are
shown in Fig 3, and those alloy properties are
shown in Table 1. These materials have nano-
grained microstructure which brings high hard-
ness, high strength, high wear resistant and
excellent sliding properties as well as excel-
lent adhesion resistance. These alloys were
developed by using our special technique.
These FUJILLOY have obtained high evalua-
tion from every industries.
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Fig 3. WC grain morphologies of Nano-Fine-Grained TFS06 and TMSO05, and Ultra-Fine-Grained FO8 of FUJILLOY
hardmetals (SEM micrographs of fracture surface).
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Table 1. WC grain size and mechanical properties of Nano-Fine-Grained TFS06 and TMS05, and Ultra-Fine-Grained
FO8 of FUJILLOY hardmetals.

WCmean | HV TRS | Compressive | Fructure Young's ASTM
Grade | grainsize | (294N) strength toughness | modulus | wear amount3%¢
(um) | (GPa) [ (GPa)| (GPa) | (MPa-m')| (GPa) | (X10%cm3frev)
TFS06 02 210 | 42 69 49 575 01
TMS05 0.2 215 31 >8.0 42 610 0.17
FO8 05 185 | 40 64 52 560 11

$The method according to ASTM B611-76 (The alundum slurry was used as wear media.)

3. SLIDING PROPERTIES OF COATED
HARDMETALS FOR PLASTIC WORKING

High wear-resistance and/or low friction co-
efficient material can be coated on the surface
of hardmetal by coating processing methods
such as CVD and PVD. By these coatings, the
tool quality improvement which cannot be ob-
tained only by varying the grain size and bind-
er phase composition of hardmetal becomes
possible. Among various coating fiims, DLC
film coated by PVD or P-CVD are excellent in
the sliding properties as compared with other
hard films such as TiN, CrN, etc. DLC coating
application to the tools for plastic working are
increasing due to high smoothness of the sur-
face of worked material and low aggression
to the surface of workpiece material as well
as high adhesion-resistance and low friction
coefficient. Specifically to soft workpiece ma-
terial such as aluminum alloys which is easy
to adhere to hardmetal, DLC coating is espe-
cially valuable.

Fig 4 shows the result of sliding test by us-
ing ring-on disk type test equipment on a pair
of aluminum alloy (A3003)/ hardmetal with-
out or with our developed DLC coating. From
this figure, it is clear that during lubricant-oil
supplying, hardmetal without and with DLC
coating have a relatively low and extremely
low friction coefficient, respectively. However,
after stopping oil-supplying, the friction coef-
ficient of hardmetal without DLC coating rose
rapidly, but the coefficient of hardmetal with
DLC coating slightly decreased. This result
suggested that DLC film itself have a good lu-
brication function2), differing from non-coated
hardmetal in which the adhesion occurred af-
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ter the lubricating oil's evaporation caused by
frictional heat. This suggestion was confirmed
by the observation of the sliding surfaces after
the test, as shown in Fig 5.
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Fig 4. The sliding test result on two couples of aluminum alloy (A3003)/ hardmetals without and with our developed
DLC coating by using ring-on disk type test equipment.
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Fig 5. The appearance and optical micrograph of the sliding surface of the ring (shown in the left side) and disk (in
the right side) after a sliding test. The rings are hardmetal without DLC film (the upper) and developed DLC film (the
lower). These original shapes were the same. The upper was plastically deformed due to high frictional heat.



Focusing on this good lubrication effect of our
developed DLC film, we observed the surface
together with a conventional DLC film by 3-D
image analyzer. These 3-D surface images
are shown in Fig 6 and Fig 7, respectively. On
the conventional film, there are many droplets,
but on the developed film, there are not such
large droplets. The investigation of the effect
of the droplets showed that such droplets de-
teriorated the smoothness of workpiece sur-
face and decreased the adhesion resistance.
FUJILLOY tools and mold with this developed
DLC film has obtained high evaluation from
many industries, because of its superior adhe-
sion-resistance as well as the surface smooth-
ness of workpiece.
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Fig 6. Fracture surface of our developed DLC film coated on FUJILLOY.

The surface of a conventional DLC film

The surface of a developed DLC film

Fig 7. The 3-D surface image of a conventional DLC film and a developed DLC film on FUJILLOY.



4. SELF-LUBRICATING METAL MATRIX
COMPOSITE TERMED NF METAL

Self-lubricating materials are a generic name
for composite materials which have a lubri-
cating ability by itself without external in-situ
supply of lubricating oil. This ability is realized
by infiltrating lubricating oil into open pores of
porous materials, or by combining solid lubri-
cants such as molybdenum disulfide (MoS2),
graphite and hexagonal boric nitride (h-BN)
with metal, ceramic or polymer materials in its
manufacturing process?®).

Our company deals in self-lubricating metal
matrix composites which are fabricated by
combining tungsten disulfide (WS2), graph-
ite and/or h-BN solid lubricant particles with
metal powders by powder metallurgy process.
We term the composites “NF metal (No Fric-
tion metal)”, by which various bearings are
manufactured. Their examples are shown in
Fig 8. These bearings are used under special
environments such as vacuum, high tempera-
ture and in solution where lubricating oil and
grease cannot be used.

An example of optical microstructure of NF
metal is shown in Fig. 9. Dark-gray particles
and white matrix in the figure are solid lubri-
cant and metal, respectively. The particles are
homogeneously dispersed in the composite.
There is no gap between particles and ma-
trix. This suggests that the particles are tightly
held by the matrix. This suggestion was sup-
ported by the fact that the composite is able to
maintain strength required for bearings.
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Fig 8. An example of bearings used under special environments such as vacuum, high temperature and in solution.

(a) Sliding bearings made of only NF metal.

(b) Rolling bearings set up with retainer of NF metal. Materials of bearing case and ball are both SUS440C.

(¢) Magnified image of retainer made of NF metal.
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Fig 9. An example of optical microstructure of NF metal manufactured by combining solid lubricants particles with
metal powders by powder metallurgy process. The composite is sintered at about 1273 K in vacuum. The dark gray
particles and white matrix in the microstructure are solid lubricant and metal, respectively. (a) : x100, (b) : x1,000
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Fig 10. Schematic diagrams of low
friction sliding mechanism in using
NF metal.

(@) Surface of counter material be-
fore sliding NF metal.

(b) Surface of counter material af-
ter sliding NF metal.

() Magnified image of sliding sur-
face of (a).

(d) Magnified image of sliding sur-
face of (b).

Low friction sliding by using NF
metal is due to the adherence of
solid lubricant of NF metal to the
surface of counter.



Our company deals in the following 3 types
of NF metal which are classified according to
usable temperature and atmosphere. Namely,
there are WS, / W composite which is recom-
mended for the use up to 1073 K in vacuum,
(graphite+h-BN) / Ni composite which is rec-
ommended for the use up to 873 K in air, and
(WS2+graphite) / Cu composite which is rec-
ommended for the use up to 473 K in vacu-
um and air. An example of sliding properties
of these three kinds of composites at 873 K
in air is shown in Fig 11. The friction coeffi-
cient for (graphite+h-BN) / Ni composite was
as low as about 0.1 from start to finish. On the
other hand, the friction coefficient of WS, / W
and (WS,+graphite) / Cu composites rapidly
increased with sliding time or distance, prob-
ably caused by the low oxidation resistance of
WS, and/or W. Therefore, it is very important
to select the component of solid lubricants tak-
ing into consideration the environments.
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Fig 11. Relation between friction coefficient and sliding time on 3 types of NF metal at 873 K in air.



5. EXAMPLE OF APPLICATION OF NF MET-
AL UNDER SPECIAL ENVIRONMENTS

NF metal is used as the bearing used in va-
por deposition apparatuses, heat-treatment
furnaces for carrying glass plate, and ma-
chines for producing foods, etc.

An example of machine for processing foods
where NF metal sliding bearings are set up
is shown in Fig 12. The machine is used for
injecting salt water into meats which hesitate
lubricating oil. In the past, the bearings made
of polymer materials has been used, and the
operating life of the bearings was 2-3 months.
However, the operating life could be extended
to one year by using the bearing made of NF
metal.

5. EXAMPLE OF APPLICATION OF NF METAL UN-
DER SPECIAL ENVIRONMENTS
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Fig 12. An example of application of sliding bearings made of NF metal to machine for processing foods
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6. CONCLUSION

In this paper, we introduced our products
mainly relating to tribology. These products
are developed by designing material or film by
responding to various requests of customers
in various industries and have obtained high
evaluation. We look forward to customers’
continued collaboration on our future develop-
ment of new materials and tools, and would
like to contribute to mutual development.
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