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(57) The present invention discloses a surface treat-
ment method for a permanent magnet, a permanent
magnet and a protective film thereof. The surface treat-
ment method for the permanent magnet comprises the
following steps of: S1: subjecting the permanent magnet
to zirconization treatment to obtain a permanent magnet
having a zirconization film, wherein the zirconization
treatment is performed at a temperature of 5‑40°C for
a time of 5‑30 min at a pH value of 1.5‑6; and S2:
subjecting the permanent magnet having the zirconiza-

tion film to passivation treatment followed by baking,
wherein the passivation treatment is performed at a
temperature of 15‑50°C for a time of 4‑12 min at a pH
value of greater than or equal to 10. According to the
treatment method of the present invention, the obtained
permanent magnet has relatively good moisture resis-
tance and relatively large surface tension; and the treat-
ment method of the present invention reduces pollutant
emission and conforms to the concept of green ecologi-
cal and environmentally friendly production.
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Description

FIELD OF THE INVENTION

[0001] The invention relates to a surface treatment method for a permanent magnet, a permanent magnet and a
protective film thereof.

BACKGROUND OF THE INVENTION

[0002] Permanent magnet material is a porous material prepared by powder metallurgy process. The neodymium-rich
phase, neodymium-iron-boron main phase and boundary phase are prone to inter-granular corrosion. The failure of
magnets in humid air is mainly caused by oxidation and fracture of crystal particles, which eventually leads to the decline or
damage of the magnetic properties of the material. This seriously affects the service life of permanent magnets and
reduces the stability and reliability of the product.
[0003] With the continuous improvement of energy conservation, environmental protection and sewage discharge
requirements in China and abroad, the traditional coating ternary phosphating pretreatment materials are gradually
banned by local regulations because they contain pollutants such as P, Mn, and Ni. The new green phosphorus-free
conversion film technology has gradually matured and developed rapidly. This process can completely avoid the use of
harmful substances such as P, Mn, Ni, and nitrite. However, the coating surface obtained by the existing zirconium salt
pretreatment process is uneven and has low corrosion resistance. In addition, after high temperature and high pressure
test, wet heat test and neutral salt spray test, its anti-corrosion effect is poor.
[0004] In addition, in automotive applications, magnets need to be adhered and assembled with other workpieces by
using an adhesive. For this reason, this type of application has higher requirements for the adhesiveness of the surface
protective film of the magnet. For example, in car audio systems, it is necessary that the surface tension of the magnet
should be 38 mN/m or higher so as to meet the adhesive requirements during assembly. However, although the
conventional organic coatings have a certain degree of moisture resistance, their surface energy is low, which makes
it difficult for the surface tension of the coating to reach a high level.
[0005] Therefore, when preparing a protective film on the surface of neodymium-iron-boron, it is necessary not only to
consider that the protective film has better protection in conventional environments and high temperature-high humidity
environments, that is, good moisture resistance, but also good surface tension to meet the requirements of subsequent
processing.

SUMMARY OF THE INVENTION

[0006] In order to overcome the defects of the existing technology that permanent magnet materials are difficult to have
good moisture resistance and surface tension at the same time, and the preparation process has large pollution, the
present invention provides a surface treatment method for a permanent magnet, a permanent magnet and a protective film
thereof. According to the treatment method of the present invention, the obtained permanent magnet has relatively good
moisture resistance and relatively large surface tension; and the treatment method of the present invention reduces
pollutant emission and conforms to the concept of green ecological and environmentally friendly production.
[0007] The present invention solves the above technical problems through the following technical solutions.
[0008] The present invention provides a surface treatment method for a permanent magnet, comprising the following
steps of:

S1: subjecting the permanent magnet to zirconization treatment to obtain a permanent magnet having a zirconization
film, wherein the zirconization treatment is performed at a temperature of 5‑40°C for a time of 5‑30 min at a pH value of
1.5‑6; and
S2: subjecting the permanent magnet having the zirconization film to passivation treatment followed by baking,
wherein the passivation treatment is performed at a temperature of 15‑50°C for a time of 4‑12 min at a pH value of
greater than or equal to 10.

[0009] In S1, preferably, the zirconization treatment is performed by immersing the permanent magnet in an aqueous
solution comprising a zirconizing agent.
[0010] Wherein, the zirconizing agent may be a conventional zirconizing agent in the art; preferably, the zirconizing
agent comprises fluorozirconate and/or fluorozirconic acid; more preferably, the zirconizing agent is a special zirconizing
agent for rare earth neodymium-iron-boron materials, which comes from Hainan Hongxiang Industrial Co., Ltd.
[0011] Wherein, preferably, the aqueous solution comprising the zirconizing agent has a concentration of 10%‑60%,
wherein the concentration of the aqueous solution comprising the zirconizing agent is calculated by a mass percentage of
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the zirconizing agent in the aqueous solution comprising the zirconizing agent.
[0012] Wherein, the immersing is direct immersing or indirect immersing. The direct immersing refers to immersing the
permanent magnet in the aqueous solution containing the zirconizing agent. The indirect immersing is preferably drum
immersing. The drum immersing refers to placing the permanent magnet in a drum and then immersing it in the aqueous
solution comprising the zirconizing agent, and rotating the drum during the treatment process so that all surfaces of the
permanent magnet are fully in contact with the zirconizing agent.
[0013] In S1, preferably, the zirconization treatment is performed at a temperature of 20‑30°C.
[0014] In S1, preferably, the zirconization treatment is performed for a time of 10‑25min, more preferably 15 min‑20 min.
[0015] In S1, the adhesion effect of the zirconization film on the permanent magnet is related to the concentration of the
aqueous solution comprising the zirconization agent; the pH value, temperature, and time for the zirconization treatment;
and the surface cleanliness of the permanent magnet.
[0016] In S1, preferably, before the passivation treatment, the permanent magnet having the zirconization film is
successively subjected to a third water washing and drying.
[0017] Wherein, preferably, the third water washing is performed for a time of 10‑20 seconds.
[0018] Wherein, preferably, the third water washing has an overflow water flow of 100 cubic meters/hour.
[0019] Wherein, preferably, the drying is performed at a temperature of 80°C.
[0020] Wherein, preferably, the drying is performed for a time of 30min.
[0021] In S2, the passivation treatment is physical passivation. Compared with other passivation processes, the
passivation treatment of the present invention can be carried out at a lower temperature.
[0022] In S2, preferably, the passivation treatment is performed in an aqueous solution comprising a passivating agent.
[0023] Wherein, the passivating agent can be a conventional passivating agent in the art, preferably a mixture of a
weakly acidic organic acid salt and an inorganic salt, wherein: the organic acid salt preferably comprises one or more of
trisodium citrate, sodium salicylate and tetrasodium EDTA; preferably, the inorganic salt is preferably barium titanate; and
more preferably, the passivating agent comprises trisodium citrate, sodium salicylate, tetrasodium EDTA and barium
titanate.
[0024] Wherein, preferably, the aqueous solution comprising the passivating agent has a concentration of 10%‑20%,
wherein the concentration of the aqueous solution comprising the passivating agent is calculated by a mass percentage of
the passivating agent in the aqueous solution comprising the passivating agent.
[0025] In S2, preferably, the passivation treatment is performed at a temperature of 25‑50°C, more preferably 25‑30°C.
[0026] In S2, preferably, the passivation treatment is performed for a time of 6‑10 minutes, more preferably 8‑10
minutes.
[0027] In S2, preferably, the passivation treatment is achieved by immersion or spraying; the immersion refers to
immersing the permanent magnet in an aqueous solution comprising a passivating agent; the spraying refers to spraying
the aqueous solution comprising a passivating agent on the permanent magnet.
[0028] In S2, preferably, the baking is performed at a temperature of 70‑90°C, preferably 75‑85°C.
[0029] In S2, preferably, the baking is performed for a time of 25‑40min, preferably 25‑35min.
[0030] In the present invention, the preparation process includes zirconization treatment and passivation treatment.
After the zirconization treatment, a layer of locally dense zirconization film will be formed on the surface of the permanent
magnet, but dried cracks will appear on its surface. A passivation film formed after the passivation treatment can cover its
surface to form a closed layer, which will not damage the zirconization film, but can seal and fill the defects or weak points of
the zirconization film, thereby repairing the cracks of the zirconization film. The above-mentioned inner and outer layers
cooperate with each other to form a protective film with moisture resistance.
[0031] In the present invention, the aqueous solution comprising the zirconizing agent is acidic, while the aqueous
solutioncomprising the passivating agent is alkaline. During the treatment process, mutual contamination between the two
needs to be avoided.
[0032] In the present invention, the permanent magnet can be subjected to a pretreatment before the zirconization
treatment, wherein preferably, the pretreatment includes the following steps in sequence: (1) grinding; (2) degreasing; (3)
first water washing; (4) acid pickling and rust removal; (5) second water washing; and (6) ultrasonic dust removal.
[0033] In step (1), the grinding can be a conventional operation in the art.
[0034] In step (1), preferably, a rust inhibitor is added during the grinding process.
[0035] Wherein, the rust inhibitor may be a conventional rust inhibitor in the art; preferably, the rust inhibitor comprises
one or more of sodium phosphate, sodium carbonate, sodium hydroxide and an OP‑10 emulsifier; more preferably, the rust
inhibitor comprises one or more of 60‑80g/L of sodium phosphate, 40‑60g/L of sodium carbonate, 5‑10g/L of sodium
hydroxide or 0.05‑1g/L of the OP‑10 emulsifier
[0036] In step (1), preferably, the grinding is performed in a vibrating grinder.
[0037] In step (1), preferably, the grinding is performed at a temperature of 10‑40°C.
[0038] In step (1), preferably, the grinding is performed for a time of 2‑36 h.
[0039] In step (2), the degreasing can be a conventional operation in the art.
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[0040] In step (2), preferably, a degreasing powder is added during the degreasing process. Wherein, the degreasing
powder can be a conventional degreasing powder in the art. In step (2), preferably, the degreasing is performed at a
temperature of 45‑55°C.
[0041] In step (2), preferably, the degreasing is performed for a time of 3‑7 min.
[0042] In step (3), the first water washing can be a conventional operation in the art.
[0043] In step (3), preferably, the first water washing is performed in a first water washing tank and a second water
washing tank respectively.
[0044] In step (3), preferably, the first water washing is performed for a time of 10‑20 seconds.
[0045] In step (3), preferably, the first water washing has an overflow water flow of 100 cubic meters/hour.
[0046] In step (4), preferably, the acid pickling and rust removal is performed for a time of 30‑50s.
[0047] In step (4), preferably, the acid pickling and rust removal is performed by using an acid being dilute nitric acid;
more preferably, the dilute nitric acid has a concentration of 1%‑3%.
[0048] In step (4), the acid pickling and rust removal is to remove the oxide layer on the surface of the permanent magnet,
so as to facilitate the subsequent zirconization film to better adhere to the surface of the permanent magnet.
[0049] In step (5), the first water washing can be a conventional operation in the art.
[0050] In step (5), preferably, the second water washing is performed in a third water washing tank.
[0051] In step (5), preferably, the second water washing is performed for a time of 10‑20 seconds.
[0052] In step (5), preferably, the second water washing has an overflow water flow of 100 cubic meters/hour.
[0053] In step (6), preferably, the ultrasonic dust removal is performed in a fourth water washing tank.
[0054] In step (6), preferably, before the ultrasonic dust removal, an ultrasonic protective agent is added. In the process
of ultrasonic dust removal, adding an ultrasonic protective agent can achieve a better ultrasonic effect, so that the surface
cleanliness of the magnet is higher, which is conducive to the subsequent film formation.
[0055] Wherein, the ultrasonic protective agent is a conventional ultrasonic protective agent in the art; preferably, the
ultrasonic protective agent has a concentration of 0.1‑1%, wherein the concentration of the ultrasonic protective agent is
calculated by a mass percentage of the ultrasonic protective agent in the washing water in the fourth water washing tank.
[0056] In step (6), preferably, the ultrasonic dust removal is performed for a time of 2‑5min. The present invention further
provides a permanent magnet, which is obtained by the surface treatment method for a permanent magnet as described
above.
[0057] The present invention further provides a permanent magnet protective film, which is obtained by the surface
treatment method for a permanent magnet as described above.
[0058] On the basis of conforming to the common sense in the art, the above-mentioned preferred conditions can be
arbitrarily combined to obtain the preferred embodiments of the present invention.
[0059] The reagents and raw materials used in the present invention are commercially available.
[0060] The positive and progressive effects of the present invention are as follows:

1. By adopting the process of the present invention, a protective film with extremely stable chemical properties can be
formed on the surface of the neodymium-iron-boron material in a short time. The protective film has excellent
corrosion resistance, and the film layer is densely crystallized, uniform, and has good rust resistance. In the air
temperature and humidity alternating condensation test (ART test), the moisture-resistant time of the permanent
magnet is more than 7 cycles (168h), and the appearance of the sample did not change color or have rust spots after
the test.
2. By adopting the process of the present invention, the protective film on the surface of the permanent magnet
obtained further has a larger surface tension, so that it has good adhesion in the subsequent application of the
permanent magnet.
3. By adopting the process of the present invention, the concept of green ecological and environmentally friendly
production is met, thereby avoiding the problem of sediment and the emission of a large amount of pollutants.
4. By adopting the process of the present invention, the obtained surface protective film having a double-layer
structure of a zirconization layer and a passivation layer has better uniformity and appearance consistency.

BRIEF DESCRIPTION OF THE DRAWINGS

[0061]

Fig. 1 shows the pictures of the samples prepared in Example 1 before and after 15 cycles (360h) of testing in a wet
heat box.
Fig. 2 shows the pictures of the samples prepared in Comparative Example 1 before and after 4 cycles (96h) of testing
in a wet heat box.
Fig. 3 shows the pictures of the samples prepared in Comparative Example 2 before and after 5 cycles (120h) of
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testing in a wet heat box.

DETAILED DESCRIPTION OF THE INVENTION

[0062] The present invention is further illustrated by way of examples below, but the present invention is not limited to the
scope of the examples described. The experimental methods for which specific conditions are not specified in the following
examples are selected according to the conventional methods and conditions or according to the product instructions.

Example 1

[0063] This example relates to a surface treatment method for a permanent magnet, which includes the following steps:

S0: Pre-treating the permanent magnet, including the following steps:

(1)The permanent magnet was put into avibrating grinder forgrinding and a rust inhibitor was added.The grinding
temperature was 25°C and the grinding time was 10h. The rust inhibitor was 70g/L sodium phosphate, 50g/L
sodium carbonate and 8g/L sodium hydroxide;
(2) The ground permanent magnet was mixed with a degreasing powder for degreasing. The degreasing
temperature was 50°C and the degreasing time was 5min;
(3) The degreased permanent magnet was placed in a first washing tank and a second washing tank for the first
washing in turn. The time of the first washing was 20s, and the overflow water flow of the first washing was 100
cubic meters/hour;
(4) The permanent magnet obtained after the first water washing was subjected to acid pickling and rust removal
by using a 3% dilute nitric acid, wherein the time for the acid pickling and rust removal was 40s;
(5) The permanent magnet after the acid pickling and rust removal was placed in a third water washing tank for a
second water washing, wherein the second washing time was 10s, and the overflow water flow of the second
water washing was 100 cubic meters/hour;
(6) The permanent magnet after the second water washing was placed in a fourth water washing tank, and a
ultrasonic protective agent was added forultrasonic dust removal, wherein the time for the ultrasonic dust removal
was 4 minutes, the concentration of the ultrasonic protective agent was 0.5%, and the concentration of the
ultrasonic protective agent based on the mass percentage of the ultrasonic protective agent in the washing water
in the fourth water washing tank;

S1: The pretreated permanent magnet prepared in S0 was placed in a zirconizing agent with a concentration of 50%,
and zirconized for 15 minutes at 25°C and a pH value of 3.8, and a zirconized permanent magnet was obtained by
immersion coating; the concentration of the zirconizing agent was based on the mass percentage of the zirconizing
agent in the aqueous solution comprising the zirconizing agent; the zirconizing agent is a special zirconizing agent for
rare earth neodymium-iron-boron materials, which comprised fluorozirconate and fluorozirconic acid and came from
Hainan Hainan Hongxiang Industrial Co., Ltd.;
S2: Before the passivation treatment, the zirconized permanent magnet was subjected to a third water washing and
drying; the time for the third water washing was 15 seconds; the overflow water flow of the third water washing was 100
cubic meters/hour; the drying temperature was 80°C; and the drying time was 30 minutes;

[0064] Subsequently, the passivation treatment was carried out by immersion in a passivation agent with a concentra-
tion of 20% for 8 minutes at 25°C and a pH value greater than or equal to 10, and then baked at a temperature of 80°C for 30
minutes; the zirconizing agent was a mixture of trisodium citrate, sodium salicylate, tetrasodium EDTA and barium titanate.

Example 2

[0065] The permanent magnet was pretreated by the step S0 in Example 1;

S1: The pretreated permanent magnet prepared in S0 was placed in a zirconizing agent with a concentration of 50%,
and zirconized for 20 minutes at 5°C and a pH value of 3.5, and a zirconized permanent magnet was obtained by
immersion coating; the concentration of the zirconizing agent was based on the mass percentage of the zirconizing
agent in the aqueous solution comprising the zirconizing agent; the zirconizing agent is a special zirconizing agent for
rare earth neodymium-iron-boron materials, which comprised fluorozirconate and fluorozirconic acid and came from
Hainan Hainan Hongxiang Industrial Co., Ltd.;
S2: Before the passivation treatment, the zirconized permanent magnet was subjected to a third water washing and
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drying; the time for the third water washing was 10 seconds; the overflow water flow of the third water washing was 100
cubic meters/hour; the drying temperature was 80°C; and the drying time was 30 minutes;

[0066] Subsequently, the passivation treatment was carried out by spraying using a passivation agent with a con-
centration of 20% for 4 minutes at 50°C and a pH value of 10, and then baked at a temperature of 80°C for 30 minutes; the
zirconizing agent was a mixture of trisodium citrate, sodium salicylate, tetrasodium EDTA and barium titanate.

Example 3

[0067] The permanent magnet was pretreated by the step S0 in Example 1;

S1: The pretreated permanent magnet prepared in S0 was placed in a zirconizing agent with a concentration of 50%,
and zirconized for 5 minutes at 40°C and a pH value of 3.5, and a zirconized permanent magnet was obtained by drum
coating; the concentration of the zirconizing agent was based on the mass percentage of the zirconizing agent in the
aqueous solution comprising the zirconizing agent; the zirconizing agent is a special zirconizing agent for rare earth
neodymium-iron-boron materials, which comprised fluorozirconate and fluorozirconic acid and came from Hainan
Hainan Hongxiang Industrial Co., Ltd.;
S2: Before the passivation treatment, the zirconized permanent magnet was subjected to a third water washing and
drying; the time for the third water washing was 20 seconds; the overflow water flow of the third water washing was 100
cubic meters/hour; the drying temperature was 80°C; and the drying time was 30 minutes;

[0068] Subsequently, the passivation treatment was carried out by immersion or spraying using a passivation agent with
a concentration of 20% for 12 minutes at 15°C and a pH value of 10, and then baked at a temperature of 80°C for 30
minutes; the zirconizing agent was a mixture of trisodium citrate, sodium salicylate, tetrasodium EDTA and barium titanate.

Comparative Example 1

[0069] Using the existing phosphating process, the surface of the permanent magnet was phosphated to obtain a
permanent magnet.

Comparative Example 2

[0070] The treatment method of Example 1 was adopted. The difference between this comparative example and
Example 1 was that the temperature of the zirconization treatment in step S1 was 50°C and the time of the zirconization
treatment was 40 minutes.

Comparative Example 3

[0071] The treatment method of Example 1 was adopted. The difference between this comparative example and
Example 1 was that the pH value of the zirconization treatment in step S1 was 7.

Comparative Example 4

[0072] The treatment method of Example 1 was adopted. The difference between this comparative example and
Example 1 was that the temperature of the passivation treatment in step S2 was 10°C and the time of the passivation
treatment was 10 minutes.

Comparative Example 5

[0073] The treatment method of Example 1 was adopted. The difference between this comparative example and
Example 1 was that the pH value of the passivation treatment in step S2 was 9.

Effect Example 1

AHT Testing

[0074] The permanent magnets prepared in Examples 1‑3 and Comparative Examples 1‑5 were subjected to AHT
testing, i.e., a condensation test for alternating changes in air temperature and humidity. The results are shown in Figures 1
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to 3 and Table 1.
Fig. 1 shows the pictures of the samples prepared in Example 1 before and after 15 cycles (360h) of testing in a wet heat
box. Fig. 1 (a) shows a picture showing the sample before the test, and Fig. 1 (b) shows a picture showing the sample after
the test. The moisture-resistant time of the permanent magnet prepared in Example 1 reached more than 15 cycles (360
hours), and the appearance thereof did not show color change or rust spots after the test.
Fig. 2 shows the pictures of the samples prepared in Comparative Example 1 before and after 4 cycles (96h) of testing in a
wet heat box. Fig. 2 (a) shows a picture showing the sample before the test, and Fig. 2 (b) shows a picture showing the
sample after the test. After the permanent magnet of Comparative Example 1 had been in the wet heat box for 4 cycles
(96h), although there were no rust spots on the surface thereof, obvious color change occured, which is regarded as a sign
to corrosion failure.
Fig. 3 shows the pictures of the samples prepared in Comparative Example 2 before and after 5 cycles (12h) of testing in a
wet heat box. Fig. 3 (a) shows a picture showing the sample before the test, and Fig. 3 (b) shows a picture showing the
sample after the test. After the permanent magnet of Comparative Example 2 was tested in the wet heat box for 5 cycles
(120h), obvious red rust spots appeared on the surface.

Table 1

AHT Testing Results

Example 1 The moisture-resistant time of the permanent magnet can reach 15 cycles (360h)

Example 2 The moisture-resistant time of the permanent magnet can reach 7 cycles (168h) or more

Example 3 The moisture-resistant time of the permanent magnet can reach 11 cycles (264h) or
more

Comparative Example 1 After 4 cycles (96h) in the wet heat box, obvious color change appeared

Comparative Example 2 After 5 cycles (120h) in the wet heat box, red rust spots appeared

Comparative Example 3 After 2 cycles (48h) in the wet heat box, red rust spots appeared

Comparative Example 4 After 4 cycles (96h) in the wet heat box, red rust spots appeared

Comparative Example 5 After 4 cycles (96h) in the wet heat box, red rust spots appeared

Effect Example 2: Surface Tension Testing

[0075] The permanent magnets prepared in Examples 1‑3 and Comparative Examples 1‑5 were tested for surface
tension by using the conventional dyne pen test method in the art to obtain the results shown in Table 2:

Table 2

Surface Tension (mN/m)

Example 1 42

Example 2 40

Example 3 40

Comparative Example 1 40

Comparative Example 2 38

Comparative Example 3 38

Comparative Example 4 38

Comparative Example 5 38

[0076] It can be seen that the surface tension of the moisture-resistant protective films of the permanent magnets
prepared by the processing method of the present application can reach 40 mN/m or above.
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Claims

1. A surface treatment method for a permanent magnet, characterized by comprising the following steps of:

S1: subjecting the permanent magnet to zirconization treatment to obtain a permanent magnet having a
zirconization film, wherein the zirconization treatment is performed at a temperature of 5‑40°C for a time of
5‑30 min at a pH value of 1.5‑6; and
S2: subjecting the permanent magnet having the zirconization film to passivation treatment followed by baking,
wherein the passivation treatment is performed at a temperature of 15‑50°C for a time of 4‑12 min at a pH value of
greater than or equal to 10.

2. The surface treatment method for a permanent magnet according to claim 1, characterized in that, in S1:

the zirconization treatment is performed by immersing the permanent magnet in an aqueous solution comprising
a zirconizing agent; and/or
the zirconization treatment is performed at a temperature of 20‑30°C; and/or
the zirconization treatment is performed for a time of 10‑25 min; and/or
the zirconization treatment is performed at a pH value of 3.2‑5.5.

3. The surface treatment method for a permanent magnet according to claim 2, characterized in that, in S1:

the zirconizing agent comprises fluorozirconate and/or fluorozirconic acid; and/or the aqueous solution compris-
ing the zirconizing agent has a concentration of 10%‑60%, wherein the concentration of the aqueous solution
comprising the zirconizing agent is calculated by a mass percentage of the zirconizing agent in the aqueous
solution comprising the zirconizing agent; and/or
the immersing is direct immersing or indirect immersing; and/or the zirconization treatment is performed for a time
of 15‑20 min.

4. The surface treatment method for a permanent magnet according to claim 1, characterized in that, in S2:

before the passivation treatment, the permanent magnet having the zirconization film is successively subjected to
a third water washing and drying; and/or
the passivation treatment is performed in an aqueous solution comprising a passivating agent; and/or
the passivation treatment is performed at a temperature of 25‑50°C; and/or
the passivation treatment is performed for a time of 6‑10 min; and/or
the passivation treatment is achieved by immersion or spraying; and/or
the baking is performed at a temperature of 70‑90°C; and/or
the baking is performed for a time of 25‑40 min.

5. The surface treatment method for a permanent magnet according to claim 4, characterized in that, in S2:

the third water washing is performed for a time of 10‑20 seconds; and/or
the third water washing has an overflow water flow of 100 cubic meters/hour; and/or
the drying is performed at a temperature of 80°C; and/or
the drying is performed for a time of 30min; and/or
the passivating agent is a mixture of a weakly acidic organic acid salt and an inorganic salt, wherein: the organic
acid salt preferably comprises one or more of trisodium citrate, sodium salicylate and tetrasodium EDTA; the
inorganic salt is preferably barium titanate; and preferably, the passivating agent comprises trisodium citrate,
sodium salicylate, tetrasodium EDTA and barium titanate; and/or
the aqueous solution comprising the passivating agent has a concentration of 10%‑20%, wherein the concen-
tration of the aqueous solution comprising the passivating agent is calculated by a mass percentage of the
passivating agent in the aqueous solution comprising the passivating agent; and/or
the passivation treatment is performed at a temperature of 25‑30°C; and/or
the passivation treatment is performed for a time of 8‑10 min; and/or
the baking is performed at a temperature of 75‑85°C; and/or
the baking is performed for a time of 25‑35 min.

6. The surface treatment method for a permanent magnet according to claim 1, characterized in that the permanent
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magnet is subjected to a pretreatment before the zirconization treatment, wherein the pretreatment includes the
following steps in sequence: (1) grinding; (2) degreasing; (3) first water washing; (4) acid pickling and rust removal; (5)
second water washing; and (6) ultrasonic dust removal.

7. The surface treatment method for a permanent magnet according to claim 6, characterized in that:

in step (1), a rust inhibitor is added during the grinding process; and/or
in step (1), the grinding is performed in a vibrating grinder; and/or
in step (1), the grinding is performed at a temperature of 10‑40°C; and/or
in step (1), the grinding is performed for a time of 2‑36 h; and/or
in step (2), a degreasing powder is added during the degreasing process; and/or
in step (2), the degreasing is performed at a temperature of 45‑55°C; and/or
in step (2), the degreasing is performed for a time of 3‑7 min; and/or
in step (3), the first water washing is performed in a first water washing tank and a second water washing tank
respectively; and/or
in step (3), the first water washing is performed for a time of 10‑20 seconds; and/or
in step (3), the first water washing has an overflow water flow of 100 cubic meters/hour; and/or
in step (4), the acid pickling and rust removal is performed for a time of 30‑50s; and/or
in step (4), the acid pickling and rust removal is performed by using an acid being dilute nitric acid; and/or
in step (5), the second water washing is performed in a third water washing tank; and/or
in step (5), the second water washing is performed for a time of 10‑20 seconds; and/or
in step (5), the second water washing has an overflow water flow of 100 cubic meters/hour; and/or
in step (6), the ultrasonic dust removal is performed in a fourth water washing tank; and/or
in step (6), before the ultrasonic dust removal, an ultrasonic protective agent is added; and/or
in step (6), the ultrasonic dust removal is performed for a time of 2‑5min.

8. The surface treatment method for a permanent magnet according to claim 7, characterized in that:

in step (1), the rust inhibitor comprises one or more of sodium phosphate, sodium carbonate, sodium hydroxide
and an OP‑10 emulsifier; preferably, the rust inhibitor comprises one or more of 60‑80g/L of sodium phosphate,
40‑60g/L of sodium carbonate, 5‑10g/L of sodium hydroxide or 0.05‑1g/L of the OP‑10 emulsifier; and/or
in step (4), the dilute nitric acid has a concentration of 1%‑3%; and/or
in step (6), the ultrasonic protective agent has a concentration of 0.1‑1%, wherein the concentration of the
ultrasonic protective agent is calculated by a mass percentage of the ultrasonic protective agent in the washing
water in the fourth water washing tank.

9. A permanent magnet, characterized in that it is obtained by using the surface treatment method for a permanent
magnet according to any one of claims 1 to 8.

10. A permanent magnet protective film, characterized in that it is obtained by using the surface treatment method for a
permanent magnet according to any one of claims 1 to 8.
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