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(54) CEMENTED CARBIDE SCREW NUT MOLD HAVING MULTI-LAYER GRADED STRUCTURE 
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(57) Disclosed is a cemented carbide screw nut mold
with multi-layered gradient structure and manufacturing
method thereof, comprising a tough material matrix and
a wear resistant layer, wherein the tough material matrix
has a central through-hole structure, an upper surface of
the tough material matrix is provided with a first wear-re-
sistant material layer, and an inner surface of the central
through-hole structure is provided with a second wear-re-
sistant material layer. The tough material matrix has good
impact toughness, while the wear-resistant material layer

has a high hardness as well as a good wear resistance,
so that with the wear-resistant material layer provided on
the surface of the central through-hole structure, the forg-
ing function of the screw nut mold is realized. At the same
time, the wear-resistant material layer provided on the
upper surface of the tough material matrix protects the
interface between the layers below it, so that the high-per-
formance cemented carbide screw nut mold with mul-
ti-layered gradient structure has long service life and
saves cemented carbide material.
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Description

TECHNICAL FIELD

[0001] The disclosure relates the technical field of cemented carbide, in particular, to a cemented carbide screw nut
mold with multi-layered gradient structure and manufacturing method thereof.

BACKGROUND

[0002] Cemented carbide is a material with high hardness, high strength and high wear-resistance, which has been
widely used in many fields of modern industry. For the processing of hardware such as screws and nuts, a mold made
of cemented carbide is usually used to punch metal bars to obtain hardware products. The wear-resistance of the working
surface of the cemented carbide mold determines the service life of the entire mold. Traditional cemented carbide screw
nut mold is made of cemented carbide material with high wear-resistance. After the end of the service of the mold, the
entire mold material is scrapped. However, actually, only the surface layer of the stamping surface of the mold is damaged,
so a waste of resource is caused if the material and the mold body are discarded together.
[0003] Employing a technical solution of using a gradient cemented carbide mold can save a lot of cemented carbide
resources. Only the surface layer of the stamping surface of the mold is made of high wear-resistant cemented carbide
material, and the mold body is made of cemented carbide material with high toughness, so that for the mold, the bearing
surface has high hardness, good wear-resistance, and the mold body material has good impact toughness. The wear-
resistance and toughness of the carbide are well coordinated, so that the comprehensive performance and service life
of the cemented carbide are improved, and the contradiction between the wear-resistance and toughness in the traditional
cemented carbide with uniform structure is better solved. However, the material properties of the blanks made of tough
mixtures and wear-resistant mixtures vary greatly. How to press the tough and wear-resistant mixtures into a screw nut
mold blank requires effective molding methods to achieve.
[0004] Chinese Patent No. CN103817150 disclosed a gradient-structural cemented carbide roller ring, including a
roller ring outer layer and a roller ring core, wherein the roller ring outer layer is configured at an outer surface of the
roller ring core, a mutual melting layer is formed between the roll ring outer layer and the roll ring core, a composition
gradient is formed between the roll ring outer layer and the roll ring core, and the composition of the roll ring outer layer
and the roll ring core are different. A wax-dried ball-milled mixture of roller ring outer layer and a wax-dried ball-milled
mixture of roller ring core are layered and laminated with powder, cold-pressed into a roll-ring blank, and sintered to
obtain a final product. The disadvantage is: for the roller-ring structure of this technical solution, the composition gradient
is only formed in a radial direction of the roller ring, and no wear-resistance layer is disposed on upper and lower surfaces
of the roller ring, so that the shear force on the surfaces may exert a peeling force on the interface of the radial composition
during use of the roller ring, leading to limited service life of the roller ring. In view of this, the disclosure provides a
cemented carbide screw nut mold with multi-layered gradient structure and manufacturing method thereof.

SUMMARY

[0005] An object of the disclosure is to provide a cemented carbide screw nut mold with multi-layered gradient structure
and manufacturing method thereof. Specifically, the technical solutions are:

A cemented carbide screw nut mold with multi-layered gradient structure and manufacturing method thereof, including
a tough material matrix, a first wear resistant material layer, a central through-hole structure, and a second wear
resistant material layer, wherein the tough material matrix has a cylindrical shape, an upper surface of the tough
material matrix is provided with the first wear-resistant material layer, the central through-hole structure penetrates
through the tough material matrix and the first wear resistant material layer, and the central through-hole structure
is provided inside with the second wear-resistant material layer.
A maximum size of a cross-sectional outer contour of the first wear-resistant material layer is equal to a cross-
sectional diameter of the tough material matrix.
An outer contour of a cross section of the second wear-resistant material layer is circular, or polygonal, or is sur-
rounded by straight lines and arcs, or is surrounded by straight lines and curves, or is surrounded by a plurality of
segments of arcs, or is surrounded by arcs and curves, or is a plurality of segments of curves, or is surrounded by
straight lines, arcs and curves.
A longitudinal cross-sectional contour of an interface between the second wear-resistant material layer and the
tough material matrix is a plurality of segments of straight lines, or is constituted by straight lines and arcs, or is
constituted by straight lines and curves, or is constituted by a plurality of segments of arcs, or is constituted by arcs
and curves, or is a plurality of segments of curves, or is constituted by straight lines, arcs and curves.
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A maximum size of an outer contour of a cross-section of the first wear-resistant material layer is smaller than a
cross-sectional diameter of the tough material matrix; the outer contour of the cross section of the first wear-resistant
material layer is circular, or polygonal, or is surrounded by straight lines and arcs, or is surrounded by straight lines
and curves, or is surrounded by a plurality of segments of arcs, or is surrounded by arcs and curves, or is a plurality
of segments of curves, or is surrounded by straight lines, arcs and curves.

[0006] The first wear-resistant material layer is disposed on a top surface of the tough material matrix, or on both the
top surface and a bottom surface of the tough material matrix.
[0007] A manufacturing method for cemented carbide screw nut mold with multi-layered gradient structure, including
steps of:

(1) blank forming of tough material matrix: placing a first mold sleeve from a bottom opening of an annular outer
mold into an interior of the annular outer mold, and ensuring that bottom ends of the two are flush; inserting a first
core rod into a center hole of the first mold sleeve, and ensuring that bottom ends of the two are flush; weighing a
tungsten cemented carbide toughness mixture composed of WC powder Co powder and Cr3C2 powder and having
a particle size of WC powder of 6-16 mm to fill into a space between an inner wall of the annular outer mold and the
first core rod, then shaking, so that the tungsten cemented carbide toughness mixture is evenly filled; placing a
second mold sleeve from the top opening of the annular mold into the annular mold, and letting the first core rod
pass through a center hole of the second mold sleeve; applying pressure from a top of the second mold sleeve and
pressurizing it to 2Mpa for 2 to 3 seconds, then depressurizing to atmospheric pressure, then pressurizing to 10MPa
for 2 to 3 seconds, and depressurizing to atmospheric pressure again; taking out the second mold sleeve, and
keeping the first core rod, the first mold sleeve, and the formed tough material matrix blank in the annular outer mold.

(2) forming of first wear-resistance material layer: weighing a tungsten cemented carbide wear-resistance mixture
composed of WC powder Co powder and VC powder and having a particle size of WC powder of 0.6-6 mm to fill
into a space between an upper surface of the toughness material blank and the first core rod, then shaking, so that
the tungsten cemented carbide wear-resistance mixture is evenly filled; placing a second mold sleeve from the top
opening of the annular mold into the annular mold, and letting the first core rod pass through a center hole of the
second mold sleeve; applying pressure from a top of the second mold sleeve and pressurizing it to 4 to 5 Mpa for
5 to 3 seconds, then depressurizing to atmospheric pressure, then pressurizing to 4 to 5 MPa for 2 to 3 seconds
and depressurizing to atmospheric pressure, and then pressurizing to 4 to 5 MPa for 2 to 3 seconds and depressurizing
to atmospheric pressure again, then pressurizing to 10MPa for 5 seconds and depressurizing to atmospheric pressure
again; taking out the first mold sleeve, applying pressure from the top of the second mold sleeve, abutting the first
core rod and the whole blank from the annular outer mold at one time, pulling the first core rod out from a center
hole of the blank, to obtain a first formed blank.

(3) placing of the second wear-resistance material layer: placing the tungsten cemented carbide wear-resistance
mixture of the second wear-resistance material layer into the central through-hole structure of the first formed blank,
and grinding and smoothing the upper surface.

(4) sintering, including a plurality of stages of heat-preservation sintering processes, which are:

pre-sintering and degreasing: sintering for 3 to 5 hours in a temperature range of 250 °C to 450 °C;
sintering: sintering for 5 to 8 hours in a temperature range of 450 °C to 1200 °C;
sintering and stable-forming: sintering for 1 to 2 hours in a temperature range of 1400 °C to 1500 °C.

[0008] Further, preferably, the sintering includes a plurality of stages of heat-preservation sintering processes, which
are:

pre-sintering and degreasing: sintering for 3 to 5 hours in a temperature range of 250 °C to 450 °C;
primary stage of sintering: sintering for 3 to 5 hours in a temperature range of 450 °C to 800 °C;
sintering and contraction forming: sintering for 2 to 3 hours in a temperature range of 1000 °C to 1200 °C;
sintering and stable-forming: sintering for 1 to 2 hours in a temperature range of 1400 °C to 1450 °C.

[0009] For the preferred sintering solution, organic matters in tungsten cemented carbide wear-resistant mixture are
fully decomposed and discharged, so that the final product has higher density and higher mechanical properties.
[0010] The technical solution of the disclosure has the following advantages:
The tough material matrix has good impact toughness, while the wear-resistant material layer has a high hardness as
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well as a good wear resistance, so that with the wear-resistant material layer provided on the surface in the central
through-hole structure, the forging function of the screw nut mold is realized. At the same time, the wear-resistant material
layer provided on the upper surface of the tough material matrix protects the interface between the layers below it, so
that the cemented carbide screw nut mold with multi-layered gradient structure has long service life and saves material
for wear-resistance material layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

Fig. 1 is a view showing blank forming of a tough material matrix of Embodiment 1 of the disclosure.

Fig. 2 is a view showing forming of a first wear-resistant material layer of Embodiment 1 of the disclosure.

Fig. 3 is a view of a first blank of Embodiment 1 of the disclosure.

Fig. 4 is a longitudinal section view of a cemented carbide screw nut mold with multi-layered gradient structure of
Embodiment 1 of the disclosure.

Fig. 5 is a cross-section view of a cemented carbide screw nut mold with multi-layered gradient structure of Embod-
iment 1 of the disclosure.

Fig. 6 is a cross-section view of a cemented carbide screw nut mold with multi-layered gradient structure of Embod-
iment 2 of the disclosure.

Fig. 7 is a longitudinal section view of a cemented carbide screw nut mold with multi-layered gradient structure of
Embodiment 2 of the disclosure.

Fig. 8 is a cross-section view of a cemented carbide screw nut mold with multi-layered gradient structure of Embod-
iment 3 of the disclosure.

Fig. 9 is a longitudinal section view of a cemented carbide screw nut mold with multi-layered gradient structure of
Embodiment 3 of the disclosure.

Fig. 10 is a cross-section view of a cemented carbide screw nut mold with multi-layered gradient structure of Em-
bodiment 4 of the disclosure.

Fig. 11 is a cross-section view of a cemented carbide screw nut mold with multi-layered gradient structure of Em-
bodiment 5 of the disclosure.

Fig. 12 is a longitudinal section view of a cemented carbide screw nut mold with multi-layered gradient structure of
Embodiment 5 of the disclosure.

Fig. 13 is a cross-section view of a cemented carbide screw nut mold with multi-layered gradient structure of Em-
bodiment 6 of the disclosure.

Fig. 14 is a longitudinal section view of a cemented carbide screw nut mold with multi-layered gradient structure of
Embodiment 6 of the disclosure.

mold model code
prior art product product of the disclosure

fracture toughness (KIC) mold life (times) fracture toughness (KIC) mold life (times)

AD mold 14 586000 21 3483000

AD2 mold 17 1086000 21 5625000

BQ mold 20 60000 24 200000

BQ2 mold 20 70000 27 210000
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Fig. 15 is a longitudinal section view of a cemented carbide screw nut mold with multi-layered gradient structure of
Embodiment 7 of the disclosure.

Fig. 16 is a top view of a cemented carbide screw nut mold with multi-layered gradient structure of Embodiment 7
of the disclosure.

Fig. 17 is a cross-section view of a cemented carbide screw nut mold with multi-layered gradient structure of Em-
bodiment 8 of the disclosure.

Fig. 18 is a longitudinal section view of a cemented carbide screw nut mold with multi-layered gradient structure of
Embodiment 9 of the disclosure.

DETAILED DESCRIPTION

[0012] The following embodiment is used for illustrating the invention but limiting the scope thereof.

Embodiment 1

[0013] With reference to Figs. 1 to 5, a cemented carbide screw nut mold with multi-layered gradient structure and
manufacturing method thereof includes a tough material matrix 4, a first wear resistant material layer 91, a central
through-hole structure 10, and a second wear resistant material layer 92, wherein the tough material matrix 4 has a
cylindrical shape, an upper surface of the tough material matrix 4 is provided with the first wear-resistant material layer
91, the central through-hole structure 10 penetrates through the tough material matrix 4 and the first wear resistant
material layer 91, and the central through-hole structure 10 is provided inside with the second wear-resistant material
layer 92.
[0014] The first wear-resistant material layer 91 and the second wear-resistant material layer 92 have a thickness of
2mm.
[0015] An outer contour of a cross section of the second wear-resistant material layer 92 is circular. An outer contour
of a cross section of the first wear-resistant material layer 91 is circular, and a diameter thereof is equal to a diameter
of a cross section of the tough material matrix 4.
[0016] A longitudinal cross-sectional contour of an interface between the second wear-resistant material layer 92 and
the tough material matrix 4 is a straight line.
[0017] A manufacturing method for cemented carbide screw nut mold with multi-layered gradient structure, including
steps of:

(1) blank forming of tough material matrix: placing a first mold sleeve 5 from a bottom opening of an annular outer
mold 1 into an interior of the annular outer mold 1, and ensuring that bottom ends of the two are flush; inserting a
first core rod 3 into a center hole of the first mold sleeve 5, and ensuring that bottom ends of the two are flush;
weighing a tungsten cemented carbide toughness mixture composed of WC powder, Co powder and Cr3C2 powder
and having a particle size of WC powder of 11 mm to fill into a space between an inner wall of the annular outer
mold 1 and the first core rod 3, then shaking, so that the tungsten cemented carbide toughness mixture is evenly
filled; placing a second mold sleeve 2 from the top opening of the annular mold 1 into the annular mold 1, and letting
the first core rod 3 pass through a center hole of the second mold sleeve 2; applying pressure from a top of the
second mold sleeve 2 and pressurizing it to 2Mpa for 261 seconds, then depressurizing to atmospheric pressure,
then pressurizing to 10MPa for 261 seconds, and depressurizing to atmospheric pressure again; taking out the
second mold sleeve 2, and keeping the first core rod 3, the first mold sleeve 5, and the formed tough material matrix
blank in the annular outer mold.

(2) forming of first wear-resistance material layer: weighing a tungsten cemented carbide wear-resistance mixture
composed of WC powder Co powder and VC powder and having a particle size of WC powder of 3 mm to fill into a
space between an upper surface of the toughness material blank and the first core rod 3, then shaking, so that the
tungsten cemented carbide wear-resistance mixture is evenly filled; placing a second mold sleeve 2 from the top
opening of the annular mold 1 into the annular mold 1, and letting the first core rod 3 pass through a center hole of
the second mold sleeve 2; applying pressure from a top of the second mold sleeve 2 and pressurizing it to 461Mpa
for 261 seconds, then depressurizing to atmospheric pressure, then pressurizing to 461 MPa for 261 seconds
and depressurizing to atmospheric pressure, and then pressurizing to 10MPa for 5 seconds and depressurizing to
atmospheric pressure again; taking out the first mold sleeve 5, applying pressure from the top of the second mold
sleeve 2, abutting the first core rod 3 and the whole blank from the annular outer mold 1 at one time, pulling the first
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core rod 3 out from a center hole of the blank, to obtain a first formed blank.

(3) placing of the second wear-resistance material layer: inserting the tungsten cemented carbide wear-resistance
mixed blank of the preformed concentric cylindrical second wear-resistance material layer into the central through-
hole structure of the first formed blank, and grinding and smoothing the upper surface.

(4) sintering, including a plurality of stages of heat-preservation sintering processes, which are:

pre-sintering and degreasing: sintering for 5 hours in a temperature of 250 °C;
sintering: sintering for 8 hours in a temperature of 1200 °C;
sintering and stable-forming: sintering for 2 hours in a temperature of 1500 °C.

Embodiment 2

[0018] With reference to Figs. 6 to 7, the present embodiment differs from Embodiment 1 in that the first wear-resistant
material layer 91 and the second wear-resistant material layer 92 have a maximum thickness of 8mm, the outer contour
of the cross section of the second wear-resistant material layer 92 is polygonal, a longitudinal cross-sectional contour
of an interface between the second wear-resistant material layer 92 and the tough material matrix 4 is a plurality of
segments of straight lines, and the placing of the second wear-resistance material layer 92 is performed by inserting the
second wear-resistance material layer with central through holes performed by the tungsten cemented carbide wear-
resistance mixture into the first blank. The tungsten cemented carbide toughness mixture is composed of WC powder
Co powder and Cr3C2 powder, and has a particle size of WC powder of 6 mm; the tungsten cemented carbide wear-
resistance mixture is composed of WC power, Co powder and VC powder, and has a particle size of WC powder of 0.6mm.
[0019] The sintering includes a plurality of stages of heat-preservation sintering processes, which are:

pre-sintering and degreasing: sintering for 3 hours in a temperature of 450°C;
sintering: sintering for 5 hours in a temperature of 1200 °C;
sintering and stable-forming: sintering for 1 hour in a temperature of 1400 °C.

[0020] The rest is the same.

Embodiment 3

[0021] With reference to Figs. 8 to 9, the present embodiment differs from Embodiment 1 in that the first wear-resistant
material layer 91 and the second wear-resistant material layer 92 have a maximum thickness of 5mm, the outer contour
of the cross section of the second wear-resistant material layer 92 is surrounded by straight lines and arcs, a longitudinal
cross-sectional contour of an interface between the second wear-resistant material layer 92 and the tough material
matrix 4 is composed of straight lines and arcs; the placing of the second wear-resistance material layer 92 is performed
by: inserting the second core rod into the central through hole of the first blank and ensuring that its center symmetry
line coincides with the central through hole of the first blank, filling the second wear-resistant material layer of tungsten
cemented carbide wear-resistant mixture powder between the central through hole of the first blank and the second core
rod and compacting, and then pulling out the second core rod. The tungsten cemented carbide toughness mixture is
composed of WC powder Co powder and Cr3C2 powder, and has a particle size of WC powder of 16 mm; the tungsten
cemented carbide wear-resistance mixture is composed of WC power, Co powder and VC powder, and has a particle
size of WC powder of 6mm.
[0022] The sintering includes a plurality of stages of heat-preservation sintering processes, which are:

pre-sintering and degreasing: sintering for 5 hours in a temperature of 250 °C;
primary stage of sintering: sintering for 5 hours in a temperature of 800 °C;
sintering and contraction forming: sintering for 3 hours in a temperature of 1000 °C.
sintering and stable-forming: sintering for 2 hours in a temperature of 1450°C.
The rest is the same.

Embodiment 4

[0023] With reference to Fig. 10, the present embodiment differs from Embodiment 1 in that the first wear-resistant
material layer 91 and the second wear-resistant material layer 92 have a maximum thickness of 4mm, and the outer
contour of the cross section of the second wear-resistant material layer 92 is surrounded by straight lines and curves.
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The tungsten cemented carbide toughness mixture is composed of WC powder Co powder and Cr3C2 powder, and has
a particle size of WC powder of 14 mm; the tungsten cemented carbide wear-resistance mixture is composed of WC
power, Co powder and VC powder, and has a particle size of WC powder of 1mm.
[0024] The sintering includes a plurality of stages of heat-preservation sintering processes, which are:

pre-sintering and degreasing: sintering for 4 hours in a temperature of 350°C;
sintering: sintering for 7 hours in a temperature of 750°C;
sintering and stable-forming: sintering for 1.5 hours in a temperature of 1450°C.
The rest is the same.

Embodiment 5

[0025] With reference to Figs. 11 to 12, the present embodiment differs from Embodiment 1 in that the first wear-
resistant material layer 91 and the second wear-resistant material layer 92 have a maximum thickness of 5mm, the outer
contour of the cross section of the second wear-resistant material layer 92 is surrounded by a plurality of segments of
arcs, a longitudinal cross-sectional contour of an interface between the second wear-resistant material layer 92 and the
tough material matrix 4 is composed of straight lines and curves; the placing of the second wear-resistance material
layer 92 is performed by: inserting the second core rod into the central through hole of the first blank and ensuring that
its center symmetry line coincides with the central through hole of the first blank, filling the second wear-resistant material
layer of tungsten cemented carbide wear-resistant mixture powder between the central through hole of the first blank
and the second core rod and compacting, and then pulling out the second core rod. The tungsten cemented carbide
toughness mixture is composed of WC powder Co powder and Cr3C2 powder, and has a particle size of WC powder of
7 mm; the tungsten cemented carbide wear-resistance mixture is composed of WC power, Co powder and VC powder,
and has a particle size of WC powder of 5mm.
[0026] The sintering includes a plurality of stages of heat-preservation sintering processes, which are:

pre-sintering and degreasing: sintering for 3 hours in a temperature of 450°C;
primary stage of sintering: sintering for 3 hours in a temperature of 600°C;
sintering and contraction forming: sintering for 2 hours in a temperature of 1200 °C.
sintering and stable-forming: sintering for 1 hour in a temperature of 1400 °C.
The rest is the same.

Embodiment 6

[0027] With reference to Figs. 13 to 14, the present embodiment differs from Embodiment 1 in that the first wear-
resistant material layer 91 and the second wear-resistant material layer 92 have a maximum thickness of 5mm, the outer
contour of the cross section of the second wear-resistant material layer 92 is surrounded by straight lines, arcs and
curves, a longitudinal cross-sectional contour of an interface between the second wear-resistant material layer 92 and
the toughness material matrix 4 is composed of straight lines, arcs and curves, and the first wear-resistant material layer
91 is placed on upper and lower surfaces of the toughness material matrix 4; the placing of the second wear-resistance
material layer 92 is performed by: inserting the second core rod into the central through hole of the first blank and ensuring
that its center symmetry line coincides with the central through hole of the first blank, filling the second wear-resistant
material layer of tungsten cemented carbide wear-resistant mixture powder between the central through hole of the first
blank and the second core rod and compacting, and then pulling out the second core rod.
[0028] The rest is the same. The tungsten cemented carbide toughness mixture is composed of WC powder Co powder
and Cr3C2 powder, and has a particle size of WC powder of 15 mm; the tungsten cemented carbide wear-resistance
mixture is composed of WC power, Co powder and VC powder, and has a particle size of WC powder of 2mm.
[0029] The sintering includes a plurality of stages of heat-preservation sintering processes, which are:

pre-sintering and degreasing: sintering for 4 hours in a temperature range of 350 °C;
primary stage of sintering: sintering for 4 hours in a temperature of 700 °C;
sintering and contraction forming: sintering for 2.5 hours in a temperature of 1150°C.
sintering and stable-forming: sintering for 1.5 hours in a temperature of 1400°C.

Embodiment 7

[0030] With reference to Figs. 15 to 16, the present embodiment differs from Embodiment 1 in that the outer contour
of the cross section of the second wear-resistant material layer 91 has a maximum size smaller than the outer diameter
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of the toughness material matrix 4, and the outer contour of the cross section of the first wear-resistance material layer
91 is polygonal. The tungsten cemented carbide toughness mixture is composed of WC powder Co powder and Cr3C2
powder, and has a particle size of WC powder of 9 mm; the tungsten cemented carbide wear-resistance mixture is
composed of WC power, Co powder and VC powder, and has a particle size of WC powder of 1mm.
[0031] The rest is the same.

Embodiment 8

[0032] With reference to Fig. 17, the present embodiment differs from Embodiment 1 in that the inner surface of the
cross section of the second wear-resistance material layer 92 has a polygonal contour. The rest is the same.

Embodiment 9

[0033] With reference to Fig. 18, the present embodiment differs from Embodiment 1 in that the cemented carbide
screw nut mold with multi-layered gradient structure has an outer contour of round platform structure, and a trapezoidal
outer contour of the longitudinal section; the first wear-resistant material layer 91 is disposed on the top surface of the
round platform. The rest is the same.
[0034] Although the disclosure has been described in detail with the general description and the specific embodiments,
it is obvious to those skilled in the art that some modifications or improvements can be made based on the present
disclosure. Therefore, these modifications or improvements made without departing from the spirit of the present dis-
closure belong to the scope of protection of the present disclosure.

Claims

1. A cemented carbide screw nut mold with multi-layered gradient structure and manufacturing method thereof, com-
prising a tough material matrix, a first wear resistant material layer, a central through-hole structure, and a second
wear resistant material layer, wherein the tough material matrix has a cylindrical shape, an upper surface of the
tough material matrix is provided with the first wear-resistant material layer, the central through-hole structure pen-
etrates through the tough material matrix and the first wear resistant material layer, and an inner wall of the central
through-hole structure is provided with the second wear-resistant material layer.

2. The cemented carbide screw nut mold with multi-layered gradient structure according to claim 1, wherein a maximum
size of a cross-sectional outer contour of the first wear-resistant material layer is equal to a cross-sectional diameter
of the tough material matrix.

3. The cemented carbide screw nut mold with multi-layered gradient structure according to claim 1, wherein an outer
contour of a cross section of the second wear-resistant material layer is circular, or polygonal, or is surrounded by
straight lines and arcs, or is surrounded by straight lines and curves, or is surrounded by a plurality of segments of
arcs, or is surrounded by arcs and curves, or is a plurality of segments of curves, or is surrounded by straight lines,
arcs and curves.

4. The cemented carbide screw nut mold with multi-layered gradient structure according to claim 1, wherein a longi-
tudinal cross-sectional contour of an interface between the second wear-resistant material layer and the tough
material matrix is a plurality of segments of straight lines, or is constituted by straight lines and arcs, or is constituted
by straight lines and curves, or is constituted by a plurality of segments of arcs, or is constituted by arcs and curves,
or is a plurality of segments of curves, or is constituted by straight lines, arcs and curves.

5. The cemented carbide screw nut mold with multi-layered gradient structure according to claim 1, wherein a maximum
size of an outer contour of a cross-section of the first wear-resistant material layer is smaller than a cross-sectional
diameter of the tough material matrix; the outer contour of the cross section of the first wear-resistant material layer
is circular, or polygonal, or is surrounded by straight lines and arcs, or is surrounded by straight lines and curves,
or is surrounded by a plurality of segments of arcs, or is surrounded by arcs and curves, or is a plurality of segments
of curves, or is surrounded by straight lines, arcs and curves.

6. The cemented carbide screw nut mold with multi-layered gradient structure according to any one of claims 1 to 5,
wherein the first wear-resistant material layer is disposed on a top surface of the tough material matrix, or on both
the top surface and a bottom surface of the tough material matrix.
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7. A manufacturing method for cemented carbide screw nut mold with multi-layered gradient structure, comprising
steps of:

(1) blank forming of tough material matrix: placing a first mold sleeve from a bottom opening of an annular outer
mold into an interior of the annular outer mold, and ensuring that bottom ends of the two are flush; inserting a
first core rod into a center hole of the first mold sleeve, and ensuring that bottom ends of the two are flush;
weighing a tungsten cemented carbide toughness mixture composed of WC powder Co powder and Cr3C2
powder and having a particle size of WC powder of 6-16 mm to fill into a space between an inner wall of the
annular outer mold and the first core rod, then shaking, so that the tungsten cemented carbide toughness mixture
is evenly filled; placing a second mold sleeve from the top opening of the annular mold into the annular mold,
and letting the first core rod pass through a center hole of the second mold sleeve; applying pressure from a
top of the second mold sleeve and pressurizing it to 2Mpa for 2 to 3 seconds, then depressurizing to atmospheric
pressure, then pressurizing to 10MPa for 2 to 3 seconds, and depressurizing to atmospheric pressure again;
taking out the second mold sleeve, and keeping the first core rod, the first mold sleeve, and the formed tough
material matrix blank in the annular outer mold.
(2) forming of first wear-resistance material layer: weighing a tungsten cemented carbide wear-resistance mixture
composed of WC powder Co powder and VC powder and having a particle size of WC powder of 0.6-6 mm to
fill into a space between an upper surface of the toughness material blank and the first core rod, then shaking,
so that the tungsten cemented carbide wear-resistance mixture is evenly filled; placing a second mold sleeve
from the top opening of the annular mold into the annular mold, and letting the first core rod pass through a
center hole of the second mold sleeve; applying pressure from a top of the second mold sleeve and pressurizing
it to 4 to 5 Mpa for 5 to 3 seconds, then depressurizing to atmospheric pressure, then pressurizing to 4 to 5
MPa for 2 to 3 seconds and depressurizing to atmospheric pressure, and then pressurizing to 4 to 5 MPa for 2
to 3 seconds and depressurizing to atmospheric pressure again, then pressurizing to 10MPa for 5 seconds and
depressurizing to atmospheric pressure again; taking out the first mold sleeve, applying pressure from the top
of the second mold sleeve, abutting the first core rod and the whole blank from the annular outer mold at one
time, pulling the first core rod out from a center hole of the blank, to obtain a first formed blank.
(3) placing of the second wear-resistance material layer: placing the tungsten cemented carbide wear-resistance
mixture of the second wear-resistance material layer into the central through-hole structure of the first formed
blank, and grinding and smoothing the upper surface.
(4) sintering: sintering for 3 to 5 hours in a temperature range of 250 °C to 450 °C; heating to a temperature
range of 450 °C to 1200 °C, and sintering for 5 to 8 hours; then continuously heating to a temperature range of
1400 °C to 1500 °C, and sintered for 1 to 2 hours.
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