
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Processed by Luminess, 75001 PARIS (FR)

(19)
EP

3 
53

6 
82

7
B

9
*EP003536827B9*

(11) EP 3 536 827 B9
(12) CORRECTED EUROPEAN PATENT SPECIFICATION

(15) Correction information: 
Corrected version no   1     (W1 B1)
Corrections, see
Description Paragraph(s) 50

(48) Corrigendum issued on: 
18.05.2022 Bulletin 2022/20

(45) Date of publication and mention 
of the grant of the patent: 
26.01.2022 Bulletin 2022/04

(21) Application number: 18761041.5

(22) Date of filing: 02.03.2018

(51) International Patent Classification (IPC):
C25D 11/26 (2006.01) D01D 4/02 (2006.01)

(52) Cooperative Patent Classification (CPC): 
C23C 28/04; C23C 28/042; C25D 11/26; 
D01D 4/022 

(86) International application number: 
PCT/CN2018/077938

(87) International publication number: 
WO 2018/157867 (07.09.2018 Gazette 2018/36)

(54) SURFACE PROCESSING METHOD FOR TANTALUM SPINNING HEAD

OBERFLÄCHENVERARBEITUNGSVERFAHREN FÜR TANTALSPINNKOPF

PROCÉDÉ DE TRAITEMENT DE SURFACE DESTINÉ À UNE TÊTE DE REPOUSSAGE DE TANTALE

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 03.03.2017 CN 201710124797
19.07.2017 CN 201710587999

(43) Date of publication of application: 
11.09.2019 Bulletin 2019/37

(73) Proprietors:  
• Beijing Huayu Chuangxin TA-NB 

Science & Technology Co., Ltd.
Beijing 101407 (CN)

• Beijing Huayu Chuangxin Science & Trade Co., 
Ltd.
Beijing 101407 (CN)

(72) Inventor: LIU, Yuzhong
Beijing 100102 (CN)

(74) Representative: Herzog IP Patentanwalts GmbH
Steinstraße 16-18
40212 Düsseldorf (DE)

(56) References cited:  
EP-A1- 0 196 093 CN-A- 1 380 450
CN-A- 1 428 465 CN-A- 1 896 303
CN-A- 85 101 505 CN-A- 86 102 269
JP-A- S62 230 997 US-A- 4 678 546



EP 3 536 827 B9

2

5

10

15

20

25

30

35

40

45

50

55

Description

Field of the Invention

[0001] The present invention relates to a surface treatment method of tantalum spinneret. More specifically, the present
invention relates to a surface treatment method of tantalum spinneret for wet spinning or dry-wet spinning, and more
particularly to a surface treatment method of tantalum spinneret.

Background of the Invention

[0002] Chemical fiber production has developed vigorously at the end of the 20th century. With the vigorous develop-
ment of China’s economy, China has become the world’s largest producer of chemical fiber. The chemical fiber industry
has become an important part of the national economy, and the spinneret (plate) is the most precise and critical component
in the production of chemical fiber. The quality of the spinneret (plate) directly affects the quality of the chemical fiber
production and labor productivity, cost and so on. The spinneret has been continuously improved to meet the development
needs of chemical fiber production.
[0003] The process for producing chemical fiber is different, and the requirements for the spinneret (plate) are also
different. In the industry, chemical fiber production usually employs three processes, namely, melt spinning, dry spinning
(also called dry-wet spinning), and wet spinning. Among them, in melt spinning, the spinneret used needs to withstand
a pressure of up to several hundred atmospheric pressures. Therefore, the material for manufacturing the spinneret is
required to have good physical and mechanical properties, and the thickness of the spinneret reaches 10 mm to 30 mm.
In wet spinning, the spinneret used is subjected to much less pressure and its thickness is generally between 0.2 and
0.75 mm. In dry spinning, the pressure that the spinneret needs to withstand and the thickness required for the spinneret
are between those for the spinneret used for melt spinning and the spinneret used for the wet spinning. Since wet
spinning is carried out in a strong acid and alkali environment, the spinneret used needs to have strong corrosion
resistance. Therefore, in the early stage of chemical fiber production, in most wet spinning processes, for example, in
the production process of viscose fiber, acrylic yarn, etc., the spinneret is made of a noble metal such as an alloy of
gold, platinum, rhodium or palladium. In the past three decades, the applicant of the present invention has developed
a spinneret made of tantalum instead of gold-platinum, and such a spinneret is gradually being widely used, in which a
coated tantalum spinneret made by electrochemical reaction (see Chinese patents ZL85101505, ZL86102269 and
ZL02106915.8 for details) has good effect and wide application in place of gold-platinum spinneret in wet spinning
because of its good spinnability.
[0004] For the quality of the spinneret, the most critical criterion is the spinnability of the spinneret. The spinnability of
the spinneret is judged based on various aspects such as the unplanned spinneret change rate of the spinneret, the
spinning cycle of a single spinneret, the quality of the chemical fiber spun using the spinneret, and the broken filament
ratio of the filament (broken filament ratio = the number of bobbins in which the filament grade is decreased within one
working day / the total amount of bobbins producing filament), the defects, strength and uniformity of the spun yarn.
Spinneret with good spinnability will result in low unplanned spinneret change rate, long spinning cycle, good quality of
spun chemical fiber, low broken filament ratio, few defects, high strength and good uniformity. In the art, the broken
filament ratio is detected for the filament and the defect ratio is detected for the staple fiber. These directly affect the
quality of the chemical fiber produced and the labor productivity and cost in the production of chemical fiber, as well as
the labor intensity of the spinning workers.
[0005] For a spinneret in wet spinning, its spinnability depends to a large extent on the material used and the finish
of the work surface. Therefore, it is desirable to improve the surface finish of the inner walls and surfaces of the micropores
of the spinneret by surface treatment. In addition to affecting the surface hardness, surface treatment is important to
affect the surface characteristics of the spinneret. The surface-treated tantalum spinneret can reduce the adsorption of
charged waste around the micropores of the spinneret, or affect the deposition speed, and thus affect the plugging of
the spinneret, thereby improving the spinnability index (such as broken filament, spinneret change rate, etc.). In addition,
the surface treatment also has an effect on the surface roughness, and if the roughness is lowered, the spinnability is
better. For the initially processed spinneret, it is desirable to further reduce the roughness of the micropore wall and the
surface of the spinneret after micropore punching. At present, the processed tantalum spinneret has been tried to reduce
the roughness of the micropore wall by the surface treatment process, thereby improving the spinnability of the spinneret,
but there has been no effective method.
[0006] At the same time, the surface treatment after the spinneret processing needs to balance the surface properties,
surface finish and surface hardness to obtain a suitable comprehensive and optimal effect, but the most critical aspects
related to the spinnability of the spinneret are the surface properties and finish to meet the different requirements of
different chemical fiber varieties. For example, a nitriding only tantalum spinneret can be used for wet spinning of acrylic
fibers, but for wet spinning of viscose fibers, the spinnability is poor.
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[0007] Patents ZL 85101505, ZL 86102269 (hereinafter referred to as the first generation patent) and patent ZL
02106915.8 granted in 2006 (hereinafter referred to as the second generation patent) are widely used in the chemical
fiber wet spinning in which spinnerets are prepared by replacing gold with tantalum. The produced tantalum spinneret
coated with lithium-containing compound is similar to the noble metal gold-platinum (rhodium) alloy spinneret, and even
superior to the noble metal gold-platinum (rhodium) alloy spinneret. When the spinning process is unstable, for example,
when the spinning dope of the viscose fiber is not well filtered or the coarse particles of the raw solution are increased,
the spinnability of the gold-platinum spinneret and the coated tantalum spinneret decreased, but the coated tantalum
spinneret decreased more. The more prominent problem appears when spinning special fibers, such as spinning matt
fibers, it is necessary to add a certain amount of titanium dioxide powder particles to the raw solution, when spinning
flame retardant fibers, it is necessary to add a certain amount of particulate flame retardant to the raw solution. At this
time, the spinnability of the coated tantalum spinneret is significantly inferior to that of the gold-platinum spinneret. For
example, in the case of spunbonded staple fiber flame retardant fiber, the spinneret change period of the above-mentioned
coated tantalum spinneret is only 8 hours, otherwise the quality of the filament will be affected, but the gold-platinum
spinneret can be spun for 16 to 24 hours. This is because the roughness of the micropore wall of the coated tantalum
spinneret is larger than that of the gold-platinum spinneret. If the powdery additive is added during the spinning of the
above special fiber, or if the particles appear in the raw solution since the spinning process is unstable, it is desirable
that the roughness of the micropore wall of the spinneret is lower, otherwise the pores are more likely to be blocked,
thereby affecting the spinnability of the spinneret.
[0008] Accordingly, there is still a need to provide a spinneret for wet spinning that further reduces the roughness of
the micropore wall and surface of the spinneret while maintaining a certain strength of the spinneret.

Summary of The Invention

[0009] It is an object of the present invention to provide a surface treatment method of tantalum spinneret, and more
particularly to a surface treatment method of tantalum spinneret for wet spinning to provide a spinneret having a film
having significantly reduced micropore wall roughness and better surface characteristics to ensure that the surface finish
of the micropores is improved for the tantalum spinneret while satisfying the required surface characteristics and surface
hardness for spinning fiber, so that the obtained spinneret has excellent spinnability, improves fiber quality and economic
efficiency, and reduces cost, thereby widely replaces the noble metal spinneret.
[0010] The present invention relates to a surface treatment method of tantalum spinneret, in particular to a surface
treatment method of tantalum spinneret for wet spinning, wherein the method comprises the following steps:

(a) forming a layer of Ta2O5 film on the tantalum spinneret;
(b) optionally polishing: polishing a fiber outlet face of the tantalum spinneret treated in step (a) to remove the Ta2O5
film on a surface of the fiber outlet face; and
(c) coating: subjecting the tantalum spinneret treated in step (b) to a coating treatment by a molten salt electrochemical
method to form a film layer containing lithium-containing compound.

[0011] The method of the present invention further comprises a polishing step (d): subjecting the fiber outlet face of
the tantalum spinneret treated in step (c) to a polishing treatment to remove the film layer containing lithium-containing
compound on the surface of the fiber outlet face.
[0012] In step (a), the Ta2O5 film formed on the tantalum spinneret is an amorphous Ta2O5 film.
[0013] In the present invention, a layer of amorphous Ta2O5 film is formed on the tantalum spinneret by anodization
in step (a). Specifically, in step (a), the tantalum spinneret is placed in an oxygen-containing electrolyte solution at room
temperature to 380°C, preferably room temperature to 300°C, and an anode voltage of 3 to 800V is applied constantly
for 0.01 to 2 hours, with a voltage-increasing current density of 1 to 200 mA/cm2 to form a layer of amorphous Ta2O5 film.
[0014] In step (a), if the solution temperature is high, the applied voltage should be low, and vice versa. For example,
for a 0.01% H3PO4 solution at room temperature, a voltage of up to 600V can be applied. Regardless of the solution,
the applied voltage should be below the flashover voltage of the solution.
[0015] In step (a), the oxygen-containing electrolyte solution may be an aqueous solution, a non-aqueous solution, or
a mixture of an aqueous electrolyte and an organic compound.
[0016] The aqueous oxygen-containing electrolyte may be, for example, an aqueous solution of an acid, a base, or a
salt. The solution temperature is from room temperature (about 25°C) to 95°C, the anode voltage is 5 to 600V, and the
constant voltage time is within 60 to 90 minutes. When the temperature is too high, the water volatilizes too quickly.
When the solution temperature is high, the anode voltage should be low. A high solution temperature, a high anode
voltage, and a long constant voltage time tend to result in crystallization of the amorphous anodic oxide film, which
should be prevented because the roughness is increased after crystallization or partial crystallization of the amorphous
Ta2O5 film.
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[0017] The non-aqueous oxygen-containing electrolyte may be anhydrous concentrated sulfuric acid or a molten salt
or a mixture of a molten salt and a base, such as potassium nitrate, sodium nitrate, lithium nitrate, or a mixture thereof
with a base such as lithium, sodium or potassium-containing base. The melting temperature should be controlled to the
melting point of the molten salt to below 380°C, because tantalum will be significantly oxidized above 400°C. A voltage
of 3 to 66V is applied.
[0018] Another kind of oxygen-containing electrolyte solution may be a mixture of an aqueous electrolyte and an
organic compound such as ethanol, ethylene glycol, n-butanol or the like. The temperature of the aqueous solution
should be below 95°C, otherwise the water volatilizes quickly, and it is difficult to control.
[0019] When the coating temperature in step (c) is from 250°C to 430°C, preferably from 300°C to 400°C, more
preferably from 300°C to 350°C, step (a) of forming a layer of Ta2O5 film before coating on the tantalum spinneret may
be omitted.
[0020] In an embodiment of the present invention, in step (c), the spinneret is placed in an oxygen-containing inorganic
lithium salt (such as LiNO3) or a mixed melt of oxygen-containing inorganic lithium salt and lithium hydroxide, or a mixed
melt liquid of a salt and lithium hydroxide or a mixed melt liquid of a lithium salt and an oxygen-containing salt at a
temperature of 250°C to 650°C, preferably 250°C to 430°C, and an anode voltage of 1 to 66V is applied constantly for
0.01 to 200 hours, with a voltage-increasing current density of 1 to 1000 mA/cm2 to form a film layer of lithium-containing
compound.
[0021] Preferably, in step (c), the mixed melt or the mixed melt liquid has a temperature of 300°C to 520°C, the applied
anode voltage is 5 to 25V, and the voltage-increasing current density is 5 to 20 mA/cm2. In a preferred embodiment, an
ultrasonic generator can be placed in the mixed melt or the mixed melt liquid in step (c).
[0022] Preferably, the molten salt electrochemical method in step (c) is a molten lithium salt electrochemical method.
[0023] In an embodiment of the present invention, the surface treatment method of the present invention comprises
subjecting the tantalum spinneret to a nitriding treatment prior to step (a), as in accordance with the method of step (b)
of the specification of ZL02106915.8. That is, an ion nitriding furnace is used, with a tantalum spinneret as a cathode,
a furnace temperature of 500 to 1000°C, a furnace pressure of 20 to 2000 Pa, a filled gas such as nitrogen and hydrogen
with nitrogen : hydrogen = 2:1 to 1:10, and a nitriding time of 0.5 to 6 hours, thus forming a nitriding layer on the surface
of the tantalum spinneret, and controlling the hardness of the tantalum spinneret after nitriding to be between HV180
and 480. However, the nitriding treatment may not be performed prior to step (a). Whether or not nitriding treatment is
carried out is determined according to different fiber spinning requirements. For example, a fiber type having a low
spinning speed and a low-pressure requirement may not be nitrided in advance, which can save costs. However, if the
electrochemical coating treatment is carried out in step (c), a relatively low temperature such as 400°C or lower is
employed, a nitriding treatment may be employed in order to obtain a high hardness,
[0024] The tantalum spinneret suitable for use in the present invention comprises a pure tantalum spinneret and a
tantalum alloy spinneret, wherein the tantalum alloy spinneret is preferably a tantalum-niobium alloy spinneret.
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[0025] Table 1 shows that the film roughness of the coated tantalum spinneret of the present invention is nearly four
times lower than those of the coated tantalum spinnerets of the prior art patents ZL 85101505 and ZL86102269, and 1
to 2 times lower than that of the coated tantalum spinneret of the patent ZL02106915.8.
[0026] Although the roughness of the micropore wall of the spinneret is not technically detectable at present, due to
the automatic balancing effect of the electrochemical coating, it is considered that the film layer of the micropore wall of
the spinneret has the same roughness as the film layer on the surface of the spinneret, or has a corresponding relationship.
[0027] The roughness of the film layer of lithium-containing compound formed after subjecting the amorphous Ta2O5
film which is obtained by using different anodization voltages in step (a) of the present invention to the treatment of step
(c) is shown in Table 2.

[0028] It can be seen from Table 2 that the voltage of the oxidation is increased, and the roughness of the film layer
of lithium-containing compound after the coating is increased, so that the voltage of the anodization is not too high.
Anodizing forms an amorphous Ta2O5 film. As the amorphous Ta2O5 film thickens, its roughness increases or its mo-
lecular aggregate volume increases, resulting in an increase in the crystal nuclei of the formed lithium-containing com-
pound, thereby an increase in the roughness of the film layer of lithium-containing compound. The voltage for anodization
in step (a) is preferably between 5 and 240V, wherein the treatment of the molten salt is to apply an anode voltage of
30V constantly for 1.5 hours at 300°C. If a higher anodization voltage such as 480V is used, the constant voltage time

Table 2. Effect of different anodization voltages in step (a) on the roughness of film layer of lithium-containing compound

Anodizing voltage 130V 240V 420V 30V (molten salt)

Roughness 0.027 0.051 0.061 0.053

Note: 1. For the anodizing solutions, except for that the molten salt was subjected to a constant anode voltage of 30V
for 1 hour at 300°C in LiNO3 salt, the other three were all kept at a constant voltage of 90°C in an aqueous solution
of phosphoric acid ethylene glycol for 1 hour. The solution volume ratio was 0.01% H3PO4 solution: ethylene glycol
= 1:2.
2. The coating of step (c) in Table 2 was applied with an anode voltage of 10V constantly for 1.5 hours.
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is shorter.
[0029] After the amorphous Ta2O5 film is electrochemically reacted to form a film layer of lithium-containing compound,
the roughness of the obtained film layer of lithium-containing compound is affected by the solution temperature, the
applied anode voltage, and the constant voltage time of step (c). That is, as the temperature rises, the anode voltage
increases, and the time extension increases the roughness of the film layer of lithium-containing compound. Wherein,
the change with voltage is shown in Table 3:

[0030] In the polishing step (b) of the present invention, the amorphous Ta2O5 film on the fiber outlet face of the
spinneret is removed and the amorphous Ta2O5 film on the micropore inner wall of the spinneret is retained, that is
because if there is an amorphous Ta2O5 film on the fiber outlet face of the spinneret and then step (c) electrochemical
coating is performed, the hardness of the surface of the obtained coating is much lower than that of the surface of the
coating obtained by electrochemical coating after removing the amorphous Ta2O5 film by polishing, as shown in Table
4. Through such a polishing operation, it can maintain the low roughness of the micropore wall of the spinneret and
ensure high hardness of the surface, thereby increasing the scratch resistance of the spinneret having the film layer of
lithium-containing compound. If step (b) is not employed before step (c), i.e., step (c) is directly performed without
removing the amorphous Ta2O5 film, and the surface hardness of the obtained spinneret is adjusted to be close to the
surface hardness of the noble metal spinneret, for example, both around HV220, which can also be adapted to some
specific spinning conditions, such as chemical fiber with low spinning speed and low spinning pressure, to simplify the
operation process and reduce the cost.

[0031] In the case when the coating temperature in step (c) was lowered to 350°C, an anode voltage of 10V or 39V
is applied, and the reaction time is 20 hours, 30 hours, or 40 hours, the roughness of the film layer of lithium-containing
compound is lower, and the spinnability is better. The measured roughness and hardness are shown in Table 5.

Table 3. Changes of roughness of the film layer of lithium-containing compound in step (c) with anode voltage

Anode voltage 10V 25V 30V

Film layer roughness 0.027 0.096 0.127

Hardness (HV) 346.8 406.7 433.3

Note: 1. The anodization of step (a) was carried out in an aqueous solution of phosphoric acid ethylene glycol, and
a voltage of 60V was applied thereto constantly for 1.0 hour.
2. The solution used in step (c) was pure LiNO3 at 488°C and a constant voltage for 1.5 hours.

Table 4. Effect of removing the amorphous Ta2O5 film on the fiber outlet face of the spinneret by polishing before 
electrochemical coating on the surface hardness (HV)

Anode voltage of step (a) 130V 240V 480V

Anodizing (a) + coating (c) 238 162.7 150.9

Anodizing (a) + coating (c) + polishing (d) 236.6 157 132

Anodizing (a) + polishing (b) + coating (c) + 
polishing (d)

376 377 395.2

Note: 1. 012 spinneret, anodized at 90°C for 1.5 hours in aqueous solution of phosphoric acid ethylene glycol.
2. The weight for hardness measurement was 100 g.
3. The coating step (c) is to apply an anode voltage of 10V at 488°C in a molten salt of LiNO3 constantly for 1.5 hours.
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[0032] As can be seen from Table 5:

1. For the non-nitriding tantalum spinneret (first generation), the anodizing is applied before the coating, and within
the electrochemical reaction for 20 to 40 hours, the roughness of the tantalum spinneret is 2 to 3 times lower than
the roughness of the tantalum spinneret to which no anodization is applied.
2. For the nitriding tantalum spinneret (second generation), the anodizing applied before the coating has no obvious
influence on the roughness of the tantalum spinneret after coating, and even the roughness is increased.

Brief Description of the Drawings

[0033]

FIG. 1 is a schematic view showing overall appearance of a tantalum spinneret of the present invention.
FIG. 2 is a flow chart showing a surface treatment method of tantalum spinneret for wet spinning of the present
invention.
FIG. 3 is a partially enlarged cross-sectional view showing micropores of a tantalum spinneret of the present invention
after forming an amorphous Ta2O5 film.
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FIG. 4 is a partially enlarged cross-sectional view showing micropores of a tantalum spinneret of the present invention
after polishing the fiber outlet face.
FIG. 5 is a cross-sectional view showing a tantalum spinneret coated with a film layer of lithium-containing compound.
FIG. 6 is a cross-sectional view showing a tantalum spinneret coated with a film layer of lithium-containing compound
after polishing the fiber outlet face.
FIG. 7 is a schematic view of an entire tantalum spinneret.
FIGs. 8-14 show the results of XRD comparison of samples before and after annealing under different surface
treatment conditions.

[0034] In the figure: 1 indicates a fiber outlet face of a tantalum spinneret; 2 indicates a spinneret body; 3 indicates a
Ta2O5 film; 6 indicates a film layer of lithium-containing compound; 7 indicates a modified layer; and the modified layer
is the film layer of lithium-containing compound plus a transition layer; 8 indicates a transition layer.

Detailed Description of The Invention

Example 1.

[0035] Referring to FIG. 2, the surface treatment method for wet spinning of the present invention is illustrated. The
steps of Example 1 are as follows:

Step 1. A tantalum metal plate was processed into 45 tantalum spinnerets. Each tantalum spinneret is shown in
FIG. 1. The tantalum spinneret comprised a body 2, the outer diameter of the spinneret fiber outlet face 1 was 16
mm, the number of micropores 12 was 2600, and the inner diameter of the micropores was 0.052 6 0.001 mm.
Step 2. At room temperature of 25°C, using 0.01% H3PO4, with an anode voltage of 150V applied constantly for 1
hour and then washed, a layer of amorphous Ta2O5 film 3 was formed on the surface of the tantalum spinneret, as
shown in FIG. 4.
Step 3. The amorphous Ta2O5 film 3 of the fiber outlet face 1 was removed by polishing.
Step 4. Coating: A film layer of lithium-containing compound 6 was obtained by applying an anode voltage of 10V
constantly for 1.5 hours in a molten lithium nitrate solution at 482°C. The inner diameter of the micropores after
coating was 0.050 6 0.001 mm.
Step 5. Polishing the fiber outlet face 1 of the tantalum spinneret, the film layer of lithium-containing compound 6
on the fiber outlet face 1 of the tantalum spinneret was ground away, leaving the transition layer 8, as shown in FIG.
6. The hardness of the transition layer was HV229.

[0036] The above-mentioned 45 coated tantalum spinneret having a film layer of lithium-containing compound after
anodization were mounted on a base plate of a viscose short-staple stainless-steel combined spinneret, and were
subjected to a viscose short-staple spinning test in comparison with a coated tantalum spinneret of the prior art (which
was not anodized before coating), and the results are shown in Table 7.
[0037] The results showed that the broken filament and fiber strand of the tantalum spinneret obtained by the method
of the present invention were significantly lower than those of the prior art and the results are shown in Table 7 below:

[0038] From Table 7, it can be seen that the coated tantalum spinneret having a film layer of lithium-containing com-
pound which is subjected to anodization and then coating treatment of the present invention can significantly reduce the

Table 7. Comparison results of spinning with coated tantalum spinnerets after anodization according to the present 
invention and the prior art

Broken filament Fiber strand

Average value Standard 
deviation

Average value Standard 
deviation

First generation coated tantalum 
spinneret in prior art

1.89 2.4 0.56 0.58

Second generation coated 
tantalum spinneret in prior art

0.77 1.84 0.34 0.36

coated tantalum spinneret of the 
present invention

0.17 0.14 0.12 0.07
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fiber strand and the broken filament. Table 7 shows the results of a combined spinneret formed by a combination of 45
of single spinnerets of ∅16∗2600 holes∗0.05. The conditions for forming the three coated tantalum spinnerets listed in
Table 7 are shown in the notes of Table 1.

Example 2

[0039] Referring to FIG. 2, the surface treatment method of spinneret for wet spinning of the present invention is
illustrated. The steps of Example 2 are as follows:

Step 1. A tantalum metal plate was processed into 27 tantalum spinnerets, each of which is shown in FIG. 1. The
tantalum spinneret comprised a body 2, the outer diameter of the spinneret fiber outlet face 1 was 16 mm, the
number of micropores 12 was 1400, and the inner diameter of the micropores was 0.083 6 0.001 mm.
Step 2. At room temperature of 25°C, using 0.01% H3PO4, with an anode voltage of 150V applied constantly for 1
hour and then washed, a layer of amorphous Ta2O5 film 3 was formed on the surface of the tantalum spinneret.
Step 3. The amorphous Ta2O5 film 3 of the fiber outlet face 1 was removed by polishing.
Step 4. Coating: A film layer of lithium-containing compound 6 was obtained by applying an anode voltage of 10V
constantly for 2 hours in a molten lithium nitrate solution at 488°C. The inner diameter of the micropores after coating
was 0.08 6 0.001 mm, as shown in FIG. 5.
Step 5. Polishing the fiber outlet face 1 of the tantalum spinneret, the film layer of lithium-containing compound 6
on the fiber outlet face 1 of the tantalum spinneret was ground away, leaving the transition layer 8, as shown in FIG.
6. The hardness of the transition layer was HV426.

[0040] The above-mentioned 27 anodized and coated tantalum spinneret were mounted on a base plate of a viscose
short-staple stainless-steel combined spinneret, and were subjected to a viscose short-staple flame-retardant fiber
spinning test in comparison with a coated tantalum spinneret which was not anodized before coating of the prior art.
The results showed that the spinneret change period of the coated tantalum spinneret of the present invention was 16
hours, and the best second-generation coated tantalum spinneret (i.e., patent ZL2101015.8) in the prior art had a
spinneret change period of 8 hours, therefore, the time had been doubled.
[0041] The method is also applicable to the tantalum-niobium spinneret made of tantalum-niobium alloy which is
cheaper, but the corrosion resistance and processing performance of tantalum-niobium are inferior to those of pure
tantalum. However, the tantalum-niobium alloy spinneret is superior to the pure niobium spinneret, thus can be considered
for some wet spinning without strong acid and alkali requirements.

Example 3

[0042] Referring to FIG. 2, the surface treatment method for wet spinning of the present invention is illustrated. The
steps of Example 3 are as follows:

Step 1. A tantalum metal plate was processed into one tantalum spinneret, as shown in FIG. 1. The tantalum
spinneret comprised a body 2, the outer diameter of the spinneret fiber outlet face 1 was 22 mm, the number of
micropores was 330, and the inner diameter of the micropores was 0.082 6 0.001 mm.
Step 2. The tantalum spinneret obtained in step (1) was subjected to nitriding treatment, and the obtained spinneret
had a hardness of HV385.
Step 3. Using a solution having a volume ratio of ethylene glycol: 0.01% H3PO4 = 2:1 at a solution temperature of
90°C, with an anode voltage of 60V applied constantly for 1.5 hours and then washed, a layer of amorphous Ta2O5
film 3 was formed on the surface of the spinneret.
Step 4. The amorphous Ta2O5 film 3 of the fiber outlet face was removed by polishing.
Step 5. Coating: A film layer of lithium-containing compound 6 was obtained by applying an anode voltage of 10V
constantly for 20 hours in a molten lithium nitrate solution at 350°C. The inner diameter of the micropores after
coating was 0.08 6 0.001 mm, as shown in FIG. 5.
Step 6. Polishing the fiber outlet face 1 of the tantalum spinneret: the insulating coating layer 6 of the fiber outlet
face 1 of the tantalum spinneret was ground away, leaving the transition layer 8, as shown in FIG. 6. The hardness
of the transition layer was HV455.

Example 4

[0043] Referring to FIG. 2, the surface treatment method for wet spinning of the present invention is illustrated. The
steps of Example 4 are as follows:
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Step 1. A tantalum metal plate was processed into one tantalum spinneret, as shown in FIG. 1. The tantalum
spinneret comprised a body 2, the outer diameter of the spinneret fiber outlet face 1 was 22 mm, the number of
micropores was 330, and the inner diameter of the micropores was 0.082 6 0.001 mm. The tantalum spinneret was
not subjected to nitriding treatment, and the obtained spinneret had a hardness of HV98.
Step 2. Using a solution having a volume ratio of ethylene glycol: 0.01% H3PO4 = 2:1 at a solution temperature of
90°C, with an anode voltage of 140V applied constantly for 1.5 hours and then washed, a layer of amorphous Ta2O5
film 3 was formed on the surface of the spinneret.
Step 3. The amorphous Ta2O5 film 3 of the fiber outlet face was removed by polishing.
Step 4. Coating: A film layer containing lithium-containing compound 6 was obtained by applying an anode voltage
of 39V constantly for 20 hours in a molten lithium nitrate solution at 350°C. The inner diameter of the micropores
after coating was 0.08 6 0.001 mm, as shown in FIG. 5.
Step 5. Polishing the fiber outlet face 1 of the tantalum spinneret: the insulating coating layer 6 of the fiber outlet
face 1 of the tantalum spinneret was ground away, leaving the transition layer 8, as shown in FIG. 6. The hardness
of the transition layer was HV287.

Example 5

[0044] Referring to FIG. 2, the surface treatment method for wet spinning of the present invention is illustrated. The
steps of Example 5 are as follows:

Step 1. A tantalum metal plate was processed into one tantalum spinneret, as shown in FIG. 1. The tantalum
spinneret comprised a body 2, the outer diameter of the spinneret fiber outlet face 1 was 22 mm, the number of
micropores was 330, and the inner diameter of the micropores was 0.082 6 0.001 mm.
Step 2. The tantalum spinneret obtained in step (1) was subjected to nitriding treatment, and the obtained spinneret
had a hardness of HV283.
Step 3. Using a solution having a volume ratio of ethylene glycol: 0.01% H3PO4 = 2:1 at a solution temperature of
90°C, with an anode voltage of 140V applied constantly for 1.5 hours and then washed, a layer of amorphous Ta2O5
film 3 was formed on the surface of the spinneret.
Step 4. The amorphous Ta2O5 film 3 of the fiber outlet face was removed by polishing.
Step 5. Coating: A film layer containing lithium-containing compound 6 was obtained by applying an anode voltage
of 10V constantly for 12 hours in a molten lithium nitrate solution at 400°C. The inner diameter of the micropores
after coating was 0.08 6 0.001 mm, as shown in FIG. 5.
Step 6. Polishing the fiber outlet face 1 of the tantalum spinneret: the insulating coating layer 6 of the fiber outlet
face 1 of the tantalum spinneret was ground away, leaving the transition layer 8, as shown in FIG. 6. The hardness
of the transition layer was HV536.

Example 6

[0045] Referring to FIG. 2, the surface treatment method for wet spinning of the present invention is illustrated. The
steps of Example 6 are as follows:

Step 1. A tantalum metal plate was processed into one tantalum spinneret, as shown in FIG. 1. The tantalum
spinneret comprised a body 2, the outer diameter of the spinneret fiber outlet face 1 was 22 mm, the number of
micropores was 330, and the inner diameter of the micropores was 0.081 6 0.001 mm. The tantalum spinneret was
not subjected to nitriding treatment, and the obtained spinneret had a hardness of HV387.
Step 2. Using a solution having a volume ratio of ethylene glycol: 0.01% H3PO4 = 2:1 at a solution temperature of
90°C, with an anode voltage of 140V applied constantly for 1.5 hours and then washed, a layer of amorphous Ta2O5
film 3 was formed on the surface of the spinneret.
Step 3. The amorphous Ta2O5 film 3 of the fiber outlet face was removed by polishing.
Step 4. Coating: A film layer containing lithium-containing compound 6 was obtained by applying an anode voltage
of 39V constantly for 6 hours in a molten lithium nitrate solution at 350°C. The inner diameter of the micropores after
coating was 0.08 6 0.001 mm, as shown in FIG. 5.
Step 5. Polishing the fiber outlet face 1 of the tantalum spinneret: the insulating coating layer 6 of the fiber outlet
face 1 of the tantalum spinneret was ground away, leaving the transition layer 8, as shown in FIG. 6. The hardness
of the transition layer was HV374.
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[0046] The four coated tantalum spinnerets prepared in Examples 3 to 6 were subjected to aramid III spinning test in
comparison with the coated tantalum spinneret manufactured by the prior art patent ZL02106915.8. The spinning cycle
of the coated tantalum spinneret of the prior patent ZL02106915.8 was about 5-7 days on average, and the spinning
cycle of the coated tantalum spinneret of the present invention was more than 20 days on average. The experimental
results are shown in Table 9, and thus an unexpected technical effect was obtained.

Table 8. Process conditions and parameters for treating the tantalum spinneret in Examples 3-6

Formation 
condition/
corre 
sponding 
parameter

Oxidation 
solution 
temperatur e 
(°C)

Anodizing 
voltage (V)

Coating 
solution 
temperatur 
e (°C)

Coating 
voltage 
(V)

Coating 
constant 
voltage 
time (V)

Roughness 
of the 
finished 
product 
(mm)

Hardness 
of the 
finished 
product 
(HV)

Example 3 90 60 350 10 20
(0.030) 
0.036

(118) 229

Example 4 90 140 350 39 20
(0.038) 
0.064

(99) 287

Example 5 90 140 400 10 12
(0.034) 
0.052

(283) 536

Example 6 90 60 350 39 20
(0.028) 
0.074

(387) 632

Note: The values of roughness and hardness in parentheses were the values before anodization and were detected
using an unperforated tantalum spinneret.
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[0047] The spinning results of viscose filaments are shown in Table 10.

Table 9. Effect of surface treatment conditions of tantalum spinneret on aramid III spinning

Coating process

Anodizing 
voltage 
before 

coating (V)

Fiber mechanical properties Fineness
Spinning 

cycleAverage 
strength

Maximum 
strength

Minimum 
strength CV%

average 
value CV%

350°C/10V/20h 
(first generation)

0 30.59 31.73 29.85 1.539 149.04 0.57

More 
than 20 

days

350°C/10V/20h 
Example 3 (first 
generation)

60 31.91 33.13 30.19 2.379 146.4 0.513

350°C/39V/20h 
Example 4 (first 
generation)

140 30.66 31.35 29.46 1.631 147.05 0.52

350°C/39V/20h 
(second 
generation)

0 30.39 31.54 29.36 1.66

350°C/39V/20h 
Example 6 60 32.44 33.7 31.26 1.518 149.19 0.414

482°C/10V/3h 
(second 
generation)

0 31.74 32.81 30.45 1.88 147.02 0.7

482°C/10V/3h 
(second 
generation)

60 30.46 31.95 29.58 1.94

482°C/10V/3h 
(second 
generation)

140

Comparison group 
Second 
generation, i.e., 
nitriding + coating

31.89 32.95 30.56 2.04 146.83 0.704

5-7 days
32.31 33.81 29.37 3.241 148.19 1.303

Table 10. Comparison results of anodization and non-anodization before coating at low temperature on the spinning 
of viscose filaments

Coating oxidation process Spinning data of two months

Coating process
Anodizing voltage 
before coating (V)

Fineness 
CV 

value%

Blocking 
head rate

Unplanned 
spinneret change 

rate

Monofilament 
insufficient

Broken 
filament 

rate

350°C/10V/30h 
(first generation)

0 0.68 0 0 0 0

350°C/10V/30h 
(first generation)

140 0.97 0 0 0 1.72

350°C/10V/30h 
(second 
generation)

0 0.73 0.27 0.26 0 2.59

350°C/10V/30h 
(second 
generation)

60 0.8 1.08 0 0 3.45
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[0048] The results in Table 10 show that unexpected results were obtained when no anodization was applied before
coating, however, XRD analysis of the sample at a low temperature of 350°C showed no obvious LiTaO3 diffraction
peak, but XRD (X-ray phase analysis) carried out after vacuum treatment at 660°C for 2 hours showed LiTaO3 diffraction
peak (see FIGs. 8-14), indicating that the film layer of LiTaO3 obtained by coating at a low temperature such as 350°C
was an amorphous LiTaO3 film, and good results were related thereto.
[0049] ∗ The definitions of CV values and standard deviations in the examples are as follows:
The meaning of the CV value: The CV value of a set of data, i.e., the "variation coefficient" or "discrete coefficient", is
an indicator used to measure the "consistency" or "discreteness" of the set of data.

Definition and calculation of CV value:

[0050]   , wherein:

m: The average of the set of data. That is: assuming a set of data is { x1, x2, ......, xi, ......, xn }, then the average of
the set of data is: 

σ: The standard deviation or standard deviation of the set of data. That is: assuming a set of data is { x1, x2, ......,
xi, ......, xn }, then the standard deviation of the set of data is: 

Claims

1. A surface treatment method of tantalum spinneret, characterized in that the method comprises the following steps:

(continued)

Coating oxidation process Spinning data of two months

Coating process Anodizing voltage 
before coating (V)

Fineness 
CV 

value%

Blocking 
head rate

Unplanned 
spinneret change 

rate

Monofilament 
insufficient

Broken 
filament 

rate

350°C/39V20h 
(second 
generation)

0 0.26 0 0 0 0.86

Prior art 
Comparison group 1.07 1.23 0.89 0.02 1.87

Note: The coating process and anodization in the table were obtained by reference to the methods of the previous
examples.
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(a) placing the tantalum spinneret in an oxygen-containing electrolyte solution at room temperature to 380°C
and applying an anode voltage of 3 to 800V constantly for 0.01 to 2 hours, with a voltage-increasing current
density of 1 to 200 mA/cm2 to form a layer of amorphous Ta2O5 film;
(b) optionally polishing: polishing a fiber outlet face of the tantalum spinneret treated in step (a) to remove the
Ta2O5 film on a surface of the fiber outlet face; and
(c) coating: subjecting the tantalum spinneret treated in step (b) to a coating treatment by a molten salt elec-
trochemical method to form a film layer containing lithium-containing compound.

2. The method according to claim 1, further comprises a polishing step (d): subjecting the fiber outlet face of the
tantalum spinneret treated in step (c) to a polishing treatment to remove the film layer containing lithium-containing
compound on the surface of the fiber outlet face.

3. The method according to claim 1, wherein the oxygen-containing electrolyte solution is an aqueous solution, a non-
aqueous solution, or a mixture of an aqueous electrolyte and an organic compound.

4. The method according to claim 1, wherein in step (c), the molten salt electrochemical method is a molten lithium
salt electrochemical method.

5. The method according to claim 1, wherein in step (c), the spinneret is placed in an oxygen-containing inorganic
lithium salt or a mixed melt of oxygen-containing inorganic lithium salt and lithium hydroxide, or a mixed melt liquid
of a salt and lithium hydroxide or a mixed melt liquid of a lithium salt and an oxygen-containing salt at a temperature
of 250°C to 650°C, preferably 250°C to 430°C, more preferably 300°C to 400°C, even more preferably 300°C to
350°C, and an anode voltage of 1 to 66V is applied constantly for 0.01 to 200 hours, with a voltage-increasing current
density of 1 to 1000 mA/cm2 to form a film layer containing lithium-containing compound.

6. The method according to claim 5, wherein the mixed melt or the mixed melt liquid has a temperature of 300°C to
520°C, preferably 300°C to 350°C, the applied anode voltage is 5 to 25V, and the voltage-increasing current density
is 5 to 20 mA/cm2.

7. The method according to claim 5, wherein the oxygen-containing inorganic lithium salt is LiNO3.

8. The method according to claim 5, wherein an ultrasonic generator is disposed in the mixed melt or the mixed melt
liquid in step (c).

9. The method according to claim 1, wherein the tantalum spinneret is nitrided or not nitrided prior to step (a).

10. The method according to claim 1, wherein the tantalum spinneret comprises a pure tantalum spinneret and a tantalum
alloy spinneret, preferably a tantalum-niobium alloy spinneret.

11. The method according to claim 1, wherein the method is a surface treatment method of tantalum spinneret for wet
spinning.

12. A tantalum spinneret comprising:

(a) a layer of amorphous Ta2O5 film; and
(b) a film layer containing lithium-containing compound formed from the layer of amorphous Ta2O5 film.

Patentansprüche

1. Verfahren zur Oberflächenbehandlung von Tantal-Spinndüsen, dadurch gekennzeichnet, dass das Verfahren die
folgenden Schritte umfasst:

(a) Einlegen der Tantal-Spinndüse in eine sauerstoffhaltige Elektrolytlösung bei Raumtemperatur bis 380°C
und konstantes Anlegen einer Anodenspannung von 3 bis 800 V für 0,01 bis 2 Stunden mit einer spannungs-
erhöhenden Stromdichte von 1 bis 200 mA/cm2, um eine Schicht aus amorphem Ta2O5-zu bilden;
(b) optionales Polieren: Polieren einer Faserauslassfläche der in Schritt (a) behandelten Tantal-Spinndüse, um
den Ta2O5-Film auf einer Oberfläche der Faserauslassfläche zu entfernen; und
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(c) Beschichten: Unterziehen der in Schritt (b) behandelten Tantal-Spinndüse einer Beschichtungsbehandlung
durch ein elektrochemisches Verfahren mit geschmolzenem Salz, um eine Filmschicht zu bilden, die eine
lithiumhaltige Verbindung enthält.

2. Das Verfahren nach Anspruch 1 umfasst ferner einen Polierschritt (d): Unterziehen der Faserauslassfläche der in
Schritt (c) behandelten Tantal-Spinndüse einer Polierbehandlung, um die Filmschicht, die eine lithiumhaltige Ver-
bindung enthält, auf der Oberfläche der Faserauslassfläche zu entfernen.

3. Verfahren nach Anspruch 1, wobei die sauerstoffhaltige Elektrolytlösung eine wässrige Lösung, eine nichtwässrige
Lösung oder eine Mischung aus einem wässrigen Elektrolyten und einer organischen Verbindung ist.

4. Verfahren nach Anspruch 1, wobei in Schritt (c) das elektrochemische Verfahren mit geschmolzenem Salz ein
elektrochemisches Verfahren mit geschmolzenem Lithiumsalz ist.

5. Verfahren nach Anspruch 1, wobei in Schritt (c) die Spinndüse in ein sauerstoffhaltiges anorganisches Lithiumsalz
oder eine Mischschmelze aus sauerstoffhaltigem anorganischem Lithiumsalz und Lithiumhydroxid gelegt wird, oder
einer gemischten Schmelzflüssigkeit aus einem Salz und Lithiumhydroxid oder einer gemischten Schmelzflüssigkeit
aus einem Lithiumsalz und einem sauerstoffhaltigen Salz bei einer Temperatur von 250°C bis 650°C, vorzugsweise
250°C bis 430°C, noch bevorzugter 300°C bis 400°C, noch bevorzugter 300°C bis 350°C, angeordnet ist und eine
Anodenspannung von 1 bis 66V konstant für 0,01 bis 200 Stunden eine Anodenspannung von 1 bis 66 V konstant
angelegt wird, mit einer spannungserhöhenden Stromdichte von 1 bis 1000 mA/cm2, um eine Filmschicht zu bilden,
die eine lithiumhaltige Verbindung enthält.

6. Verfahren nach Anspruch 5, wobei die Mischschmelze oder die Mischschmelzflüssigkeit eine Temperatur von 300°C
bis 520°C, vorzugsweise 300°C bis 350°C, aufweist, die angelegte Anodenspannung 5 bis 25V beträgt und die
spannungssteigernde Stromdichte 5 bis 20 mA/cm2 beträgt.

7. Verfahren nach Anspruch 5, wobei das sauerstoffhaltige anorganische Lithiumsalz Li-NO3 ist.

8. Verfahren nach Anspruch 5, wobei in Schritt (c) ein Ultraschallgenerator in der gemischten Schmelze oder der
gemischten Schmelzflüssigkeit angeordnet wird.

9. Verfahren nach Anspruch 1, wobei die Tantal-Spinndüse vor Schritt (a) nitriert oder nicht nitriert wird.

10. Verfahren nach Anspruch 1, wobei die Tantal-Spinndüse eine Spinndüse aus reinem Tantal und eine Spinndüse
aus einer Tantal-Legierung, vorzugsweise aus einer Tantal-Niob-Legierung, umfasst.

11. Verfahren nach Anspruch 1, wobei es sich bei dem Verfahren um ein Verfahren zur Oberflächenbehandlung von
Tantal-Spinndüsen für das Nassspinnen handelt.

12. Eine Spinndüse aus Tantal, die Folgendes umfasst:

(a) eine Schicht aus amorphem Ta2O5-Film; und
(b) eine Filmschicht, die eine lithiumhaltige Verbindung enthält, die aus der Schicht des amorphen Ta2O5-Films
gebildet wird.

Revendications

1. Procédé de traitement de surface d’une filière de tantale, caractérisé en ce que le procédé comprend les étapes
suivantes :

(a) placer la filière de tantale dans une solution d’électrolyte contenant de l’oxygène à une température ambiante
de 380°C et appliquer une tension anodique de 3 à 800V de façon constante pendant 0,01 à 2 heures, avec
une densité de courant augmentant la tension de 1 à 200 mA/cm2pour former une couche de film de Ta2O5
amorphe ;
(b) éventuellement polissage : polissage d’une face de sortie de fibre de la filière de tantale traitée à l’étape (a)
pour éliminer le 5film de Ta2O5 sur une surface de la face de sortie de fibre ; et
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(c) revêtement : soumettre la filière de tantale traitée dans l’étape (b) à un traitement de revêtement par un
procédé électrochimique à sel fondu pour former une couche de film contenant un composé contenant du lithium.

2. Procédé selon la revendication 1, comprenant en outre une étape de polissage (d) :
soumettre la face de sortie de fibre de la filière de tantale traitée à l’étape (c) à un traitement de polissage pour
éliminer la couche de film contenant un composé contenant du lithium sur la surface de la face de sortie de fibre.

3. Procédé selon la revendication 1, dans lequel la solution d’électrolyte contenant de l’oxygène est une solution
aqueuse, une solution non aqueuse, ou un mélange d’un électrolyte aqueux et d’un composé organique.

4. Procédé selon la revendication 1, dans lequel à l’étape (c), le procédé électrochimique à sel fondu est un procédé
électrochimique à sel de lithium fondu.

5. Procédé selon la revendication 1, dans lequel, à l’étape (c), la filière est placée dans un sel inorganique de lithium
contenant de l’oxygène ou un liquide fondu mixte d’un sel inorganique de lithium contenant de l’oxygène et d’hy-
droxyde de lithium, ou un liquide de fusion mixte d’un sel et d’hydroxyde de lithium ou un liquide de fusion mixte
d’un sel de lithium et d’un sel contenant de l’oxygène à une température de 250°C à 650°C, de préférence de 250°C
à 430°C, plus préférentiellement de 300°C à 400°C, encore plus préférentiellement de 300°C à 350°C, et une tension
anodique de 1 à 66V est appliquée constamment pendant 0,01 à 200 heures, avec une densité de courant augmentant
la tension de 1 à 1000 mA/cm2 pour former une couche de film contenant un composé contenant du lithium.

6. Procédé selon la revendication 5, dans lequel le mélange fondu ou le liquide de mélange fondu a une température
de 300°C à 520°C, de préférence de 300°C à 350°C, la tension anodique appliquée est de 5 à 25V, et la densité
de courant augmentant la tension est de 5 à 20 mA/cm2.

7. Procédé selon la revendication 5, dans lequel le sel de lithium inorganique contenant de l’oxygène est LiNO3.

8. Procédé selon la revendication 5, dans lequel un générateur d’ultrasons est disposé dans le mélange fondu ou le
liquide de mélange fondu à l’étape (c).

9. Procédé selon la revendication 1, dans lequel la filière tantale est nitrurée ou non nitrurée avant l’étape (a).

10. Procédé selon la revendication 1, dans lequel la filière de tantale comprend une filière de tantale pur et une filière
d’alliage de tantale, de préférence une filière d’alliage de tantale-niobium.

11. Procédé selon la revendication 1, dans lequel le procédé est un procédé de traitement de surface de la filière tantale
pour le filage au mouillé.

12. Une filière de tantale comprenant :

(a) une couche de film amorphe de Ta2O5 ; et
(b) une couche de film contenant un composé contenant du lithium formé à partir de la couche de film de Ta2O5
amorphe.
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