
(19) *EP004567151A1*
(11) EP 4 567 151 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication:
11.06.2025 Bulletin 2025/24

(21) Application number: 23849373.8

(22) Date of filing: 31.07.2023

(51) International Patent Classification (IPC):
C23C 22/36 (2006.01)

(52) Cooperative Patent Classification (CPC):
C23C 22/34; C23C 22/36; C23C 22/46; C23C 22/47

(86) International application number:
PCT/CN2023/110360

(87) International publication number:
WO 2024/027666 (08.02.2024 Gazette 2024/06)

(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 ME MK MT NL
NO PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA
Designated Validation States:
KH MA MD TN

(30) Priority: 01.08.2022 CN 202210919224

(71) Applicant: BAOSHAN IRON & STEEL CO., LTD.
Shanghai 201900 (CN)

(72) Inventors:
• ZHAO, Yanliang
Shanghai 201900 (CN)

• XING, Wen
Shanghai 201900 (CN)

• DAI, Yigang
Shanghai 201900 (CN)

• YANG, Feng
Shanghai 201900 (CN)

• QIAO, Zhaohui
Shanghai 201900 (CN)

• SUN, Min
Shanghai 201900 (CN)

• LI, Yaomin
Shanghai 201900 (CN)

(74) Representative: Kuhnen & Wacker
Patent‑ und Rechtsanwaltsbüro PartG mbB
Prinz-Ludwig-Straße 40A
85354 Freising (DE)

(54) ENVIRONMENT‑FRIENDLY WATER‑BASED TREATMENT AGENT FOR IMPROVING
PHOSPHATABILITY OF HIGH‑STRENGTH STEEL

(57) The present invention belongs to the technical
field of surface treatment for metal materials, and parti-
cularly relates to an environment-friendly water-based
treatment agent for improving the phosphatability of high-
strength steel. The water-based treatment agent is pre-
pared by dissolving or dispersing a composition in an
aqueous medium. The water-based treatment agent
specifically consists of: A. a fluoride ion-containing com-
pound; B. a compound selected from metal ion com-

pounds containing Cu, Zn, Mn, Ni or Fe; C. a compound
selected from organic acids; and D. a compound selected
from surfactant. The water-based treatment agent can be
diluted in water at a ratio of 1:0‑20 for subsequent use.
The treatment agent can enable the surface of a high-
strength steel plate to have excellent phosphatability and
is mainly applied to high-strength steel surface modifica-
tion treatment.
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Description

Technical Field

[0001] The present disclosure pertains to the technical field of surface treatment of metal materials, and in particular
relates to an environmentally friendly water-based treatment agent for high-strength coiled steel surface. The treatment
agent can impart excellent phosphatability to the surface of a high-strength steel sheet, and is mainly used for surface
modification treatment of high-strength steel.

Background Art

[0002] The phosphating process may be dated back to the early 20th century, and is currently used widely in the process
for treating automobiles/home appliances prior to painting. After a century of technological development, a very mature
technical system has been formed in terms of the phosphating solution formula, film-forming mechanism and action
mechanism. Phosphating treatment mainly involves contact between a phosphating solution and a steel sheet surface.
Due to the action of acid corrosion and the oxidation of a promoter, the hydrogen ion content in the interface area decreases
rapidly, and the phosphate radical dissociates gradually and combines with metal ions to form a phosphate salt which
deposits. A uniform and fine phosphating layer that completely covers the metal surface can effectively improve coating
adhesion and under-film corrosion resistance. Ordinary cold rolling is used for conventional vehicle bodies, phosphating
treatment is compatible with galvanizing materials, and the effect is good and stable. At present, the application of
phosphating to automotive materials with new surface characteristics is a challenge, and it is also a research hotspot in the
industry.
[0003] In recent years, along with the advancement of the steel material technology, ultra-high-strength steel has been
used more and more widely, especially automotive high-strength steel. Given its outstanding role in improving safety,
environmental protection and lightweight, the ultra-high-strength steel material technology has entered a stage of rapid
development, promotion and application. However, ultra-high-strength steel requires incorporation of more alloying
elements, which directly changes the surface properties of the material. Studies have shown that the composition formed
by selective oxidation of elements such as Mn, Si, and Cr is enriched on the surface of the steel sheet. During the
phosphating process, problems such as coarse grains and poor coverage often occur, and the phosphatability is reduced
significantly, which cannot meet the requirements of painting applications. In this regard, major domestic and foreign steel
suppliers have conducted a lot of technical research work to optimize the phosphatability of high-strength steel surfaces.
Most of them focus on the control of the selective oxidation of elements such as Mn, Si, Cr, and the like on steel sheet polar
surfaces (e.g., CN102834531, CN102482728, CN102534359, CN108368590). This type of patent technology needs to
effectively balance the degree of internal oxidation and the oxidation state of the polar surface while controlling the
selective oxidation precipitates on the surface. The process window is narrow, the difficulty is high, and it is incompatible
with materials of different composition systems. Hence, customized process designs are needed.
[0004] The patents on the technology for modifying high-strength steel surface to obtain good phosphatability mainly
include two processes: surface electrolytic pickling for removing an oxide-rich layer and surface flash plating for covering
an oxide-rich layer. In Publication Nos. CN104136644, CN103124799, CN104508155 and CN103305749, methods are
proposed for removing an oxide-rich layer, which affects the phosphatability, from the surface of high-strength steel by
electrolytic pickling of a cold-rolled sheet surface. This type of technology is highly implementable, compatible with
materials of different composition systems. However, it also has the problems of high energy consumption and environ-
mental pollution. It requires an additional pickling process, unsuitable for a conventional high-strength steel production
line.
[0005] In Publication No. CN104471115, there is proposed a method for galvanizing a steel sheet surface with a
coverage rate of at least 60% by flash plating to optimize the surface phosphatability and galling resistance. At the same
time, this public literature also reports the technology for manufacturing high-strength steel with good phosphatability by
flash nickel plating and flash iron plating. This type of technology can provide the surface of a high-strength steel material
with new and stable properties by the coating treatment. However, it consumes too much energy, is not environmentally
friendly, and requires an additional electroplating process, unsuitable for a conventional high-strength steel production
line.
[0006] The development of an environmentally friendly water-based treatment agent that can achieve optimized control
of the phosphatability of the surface of high-strength steel is of great significance to the efficient application and promotion
of the automotive high-strength steel technology.

Summary

[0007] One object of the present disclosure is to provide an environmentally friendly water-based treatment agent useful
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for optimized modification of the phosphatability of the surface of high-strength steel.
[0008] By means of theoretical analysis, extensive laboratory research and practical verification, the inventors have
finally determined the technical route of the environmentally friendly water-based treatment agent for surface nano-
modification to obtain good phosphatability. In view of the typical characteristics of a high-strength steel surface, a water-
based treatment agent comprising one or more components of a fluorine compound, a metal ion compound, an organic
acid compound, and a surfactant is formed. The treatment agent can meet the requirements for use in a high-speed
continuous process for producing high-strength steel coils and a process for manufacturing processed parts. The specific
treatment process may involve formation of a wet film on the surface of a steel sheet by immersion, spraying, roller coating,
etc., and the treatment agent may be allowed to quickly form a surface modification layer of several nanometers thick on
the surface of the steel sheet by blow drying or heat drying. This modification layer enables epitaxial growth of active crystal
nuclei on the surface of the steel sheet with the same orientation as phosphating crystallization, thereby significantly
improving the phosphatability of the surface of the high-strength steel sheet containing high contents of alloying elements
(such as Mn, Si, Cr, Mo, etc.) without affecting the processing performances such as forming and connecting perfor-
mances.
[0009] The technical solution of the present disclosure:
An environmentally friendly water-based treatment agent for modification of the surface of a high-strength steel product to
obtain good phosphatability, wherein the surface treatment agent (water-based treatment agent) is prepared by dissolving
or dispersing a composition in an aqueous medium, wherein the surface treatment agent specifically comprises:

A. a compound selected from compounds containing fluoride ions;
B. a metal ion compound selected from compounds containing Cu, Zn, Mn, Ni, and Fe;
C. a compound selected from organic acids; and
D. a compound selected from surfactants.

[0010] The present disclosure relates to use of the surface treatment agent, wherein the surface treatment agent may be
diluted by adding 0 to 20 parts of water per part of the treatment agent prior to use. The surface treatment agent may be
used directly without adding water.
[0011] The metal ions involved in the present disclosure are not limited to specific valence states.
[0012] The compound containing fluoride ions in the water-based treatment agent of the present disclosure comprises
one or more of ammonium fluorotitanate, ammonium fluorozirconate, potassium fluorotitanate, potassium fluorozirconate
and the like. The molar concentration of the F element in the solution is 0.3‑1.8 mol/L, preferably 0.3‑1.7 mol/L, and more
preferably 0.6‑1.1 mol/L. On the one hand, this additive acts to enable uniform surface etching, and on the other hand,
titanium or zirconium allows for dotted deposition on the surface of the material to form active nucleation sites that are
conducive to phosphating. If the F content is lower than 0.3 mol/L, the film-forming performance of the surface treatment
agent will deteriorate, affecting the modification effect; if the F content is higher than 1.8 mol/L, the stability of the surface
treatment agent tends to decrease notably.
[0013] The one or more metal ion compounds containing Cu, Zn, Mn, Ni, and Fe in the water-based treatment agent of
the present disclosure include: sulfates, carbonates, and nitrates that contain copper ions; sulfates, phosphates, formates,
and acetates that contain Zn ions; phosphates, carbonates, and nitrates that contain Mn ions; nitrates and oxalates that
contain Fe ions; and sulfates, nitrates, and carbonates that contain Ni ions. The molar concentration of the metal ion
compound in the solution is 0.05‑0.6 mol/L, preferably 0.07‑0.6 molk/L, and more preferably 0.1‑0.25 mol/L. This additive
mainly acts to further supplement the isomorphous nucleation sites for phosphating crystallization. If the content is lower
than 0.05 mol/L, the effect of supplementing the nucleation sites for phosphating cannot be achieved; if the content is
higher than 0.6 mol/L, the thickness of the modification film layer will be too large, so that a uniform passivation effect will be
resulted, which will directly affect the paintability of the treated surface.
[0014] The organic acid compound in the water-based treatment agent of the present disclosure includes an organic
acid compound with a complexing or chelating function such as citric acid, oxalic acid, tannic acid, lactic acid, tartaric acid,
salicylic acid, etc. In some embodiments, the organic acid compound is citric acid, oxalic acid, tartaric acid, or tannic acid.
The molar concentration of the organic acid compound in the solution is 0.03‑0.4 mol/L, preferably 0.05‑0.2 mol/L. This
compound has a certain cleaning effect on the surface of the steel sheet. At the same time, the resulting reaction products
partially adhere to the surface of the steel sheet, and can promote rapid nucleation and growth of the phosphating film. If the
content is lower than 0.03 mol/L, the surface cleaning effect will be reduced notably; if the content is higher than 0.4 mol/L,
the stability of the treatment agent system will be affected significantly.
[0015] The compound selected from surfactants in the surface treatment agent of the present disclosure mainly
includes: sodium dodecyl sulfate, sodium dodecyl sulfonate, calcium dodecyl sulfonate, octadecylamine, triethanolamine,
etc. The molar concentration of the surfactant compound in the solution is 0.002‑0.015 mol/L, preferably 0.003‑0.01 mol/L.
The main function of this additive is to enhance the film-forming performance of the treatment agent, while reducing the
surface tension after the film is formed, and optimizing the effect of the phosphating agent in rapidly wetting the steel sheet
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surface during the pre-painting treatment process, thereby achieving the purpose of improving the phosphatability. If the
content is lower than 0.002 mol/L, the film-forming performance of the treatment agent cannot be optimized significantly; if
the content is higher than 0.015 mol/L, the film-forming quality of the treatment agent will be affected notably, and the effect
of optimizing the phosphatability after film formation decreases.
[0016] The environmentally friendly water-based treatment agent for improving the phosphatability of high-strength
steel described in the present disclosure can be used on a continuous production line of pickled high-strength steel or cold-
rolled high-strength steel, wherein a wet film is formed on the surface of the steel sheet by immersion, spraying, roller
coating, etc. The treatment agent can form a nano-scale surface modification layer quickly on the surface of the steel sheet
by blow drying or heat drying, thereby achieving the effect of significant optimization of the phosphatability of the high-
strength steel surface.
[0017] In some embodiments, the present disclosure provides a method for improving the phosphatability of high-
strength steel, wherein the method comprises: treating the high-strength steel with the environmentally friendly water-
based treatment agent described herein by immersion, spraying or roller coating. In some embodiments, the method
further comprises: treating the high-strength steel with a degreasing agent to remove dirt and oil adhering to its surface,
then washing it with pure water to remove alkaline matter remaining on the surface, and then using the environmentally
friendly water-based treatment agent to perform surface treatment on the high-strength steel after blow drying. In some
embodiments, the high-strength steel is pickled high-strength steel or cold-rolled high-strength steel.
[0018] In some embodiments, the present disclosure provides a method for phosphating high-strength steel, compris-
ing: treating the surface of the high-strength steel using the method described herein, and subjecting the high-strength
steel obtained by the surface treatment to degreasing, water washing, surface conditioning, phosphating, water washing
and drying in sequence, so that the high-strength steel is phosphated.
[0019] In some embodiments, there is further provided a high-strength steel herein, wherein the surface of the high-
strength steel has a nano-scale surface modification layer, wherein the nano-scale surface modification layer is formed
from the surface treatment agent described herein after drying. After the high-strength steel is phosphated, the
phosphating crystal coverage rate is ≥80%, preferably 100%; the phosphating crystal size is ≤6µm, preferably ≤4µm;
and the phosphating film weight is ≥2g/m2, preferably ≥2.3g/m2. Therefore, in some embodiments, there is further
provided a phosphated steel sheet obtained by phosphating the high-strength steel described herein, characterized by: a
phosphating crystal coverage rate is ≥ 80%, preferably 100%; a phosphating crystal size is ≤ 6µm; a phosphating film
weight is≥2g/m2. In the present disclosure, a conventional treatment agent (such as PB-L3065 phosphating solution) may
be used to implement the phosphating treatment herein.
[0020] Beneficial technical effects of the present disclosure: the environmentally friendly water-based treatment agent
provided by the present disclosure for improving the phosphatability of high-strength steel enables the surface of the high-
strength steel sheet to have excellent phosphatability. The water-based treatment agent of the present disclosure can
meet the requirements for use in a high-speed continuous process for producing high-strength steel coils and a process for
manufacturing processed parts; at the same time, it does not affect the processing performances such as forming and
connection performances. It is also an environmentally friendly water-based treatment agent.

Detailed Description

[0021] In order to provide better understanding of the present disclosure, the present disclosure is illustrated specifically
by listing examples and comparative examples, but the scope of the present disclosure is not limited by these examples.
The compositions of the surface treatment agents used and the type of the steel sheet to be treated are described as
follows:

(1) Test sample sheet:

[0022] The material used in the examples was a typical 80 kg grade ultra-high strength steel with a specification of 1.2
mm and a composition as shown in Table 1.

Table 1: Composition information of the common cold-rolled steel sheet used in the examples

Chemical composition % (mass percentage)

C Mn Si Al Cr Mo Nb Ti

0.12 1.550 1.100 0.020 0.650 0.000 0.030 0.070
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(2) Process for processing and cleaning the sample sheet:

[0023] The above material was processed into 30*70mm sample pieces by shearing, spray-cleaned with an alkaline
degreasing agent (pH=11‑12) to remove dirt and oil adhering to the surface, then cleaned with pure water to remove
residual alkaline matter on the surface, and dried with cold air for later use.

(3) Compositions of the water-based surface treatment agents

[0024] The compositions and treatment methods of the environmentally friendly water-based surface treatment agents
used in the examples are shown in Table 2. Comparative Example 4 means a material with a virgin surface that had not
been surface treated with the treatment agent.
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[0025] The surface-treated sample pieces obtained in the above Examples and Comparative Examples were coated
with anti-rust oil in an amount of 1000 mg/m2, allowed to stand for one week, and then subjected to pre-painting treatment
for evaluation of phosphatability. Laboratory simulation was performed with reference to the pre-painting treatment
process flow in an automobile factory, mainly including steps of degreasing, surface conditioning and phosphating. The
relevant treatment agents selected were commercial products available from Parkerizing. The specific process para-
meters are shown in Table 3.

Table 3: Phosphating process parameters

Step Degreasing Water
washing

Surface
conditioning Phosphating Water

washing
Pure water
was hing Drying

Treatment
agent FC-L4460 -- PL-Z PB-L3065 -- -- --

Treatment
method Immersion Spraying Immersion Immersion Spraying Spraying Heat

drying

Treatment
temperature 40°C Room tem-

perature
Room tem-

perature 35°C Room tem-
perature

Room tem-
perature 90°C

Treatment
time 90s 20s 30s 120s 20s 20s --

[0026] After the sample pieces were treated in the above manner, the phosphating crystal coverage rate and crystal size
were observed microscopically using a scanning electron microscope, and the phosphating film weight was measured
using a chemical dissolution method. The specific methods are as follows:

(1) Evaluation of phosphating crystal coverage rate

[0027] The phosphated surfaces of the sample pieces were observed using a scanning electron microscope (equip-
ment: Zeiss SEM SIGMA500) at a magnification of 1000 times, and the evaluation was done in terms of the fraction of the
area covered by the phosphating film.

⊚: Phosphating film coverage rate = 100%
∘: 80%≤ Phosphating film coverage rate<100%
Δ: 60%≤ Phosphating film coverage rate<80%
×: Phosphating film coverage rate < 60%

(2) Determination of phosphating crystal size

[0028] The phosphated surfaces of the sample pieces were observed using a scanning electron microscope (equip-
ment: Zeiss SEM SIGMA500) at a magnification of 2000 times. The length dimensions of 5 random phosphating crystals
were measured using the scale, and the average value was taken.

(3) Determination of phosphating film weight

[0029] First, a 30*70mm phosphated sample piece was weighed (Mettler MS-TS analytical balance) and recorded as
W0. Then, the sample piece was immersed in a phosphating film stripping solution (solution: 50g/L anhydrous chromic
acid, temperature: 75°C) for 15min. After taking the sample piece out, it was rinsed with deionized water for 40s, dried with
cold air, and weighed for the second time to obtain a weight recorded as W1. The weight of the phosphating film W was
obtained by calculation:

[0030] As it can be seen from the implementation effect (as shown in Table 4), Examples 1‑6 exhibited good
phosphatability with regard to all of the various evaluation items, especially Examples 1, 2, 3, 4 and 6 which showed
excellent overall performances. A comparison between the Examples and Comparative Example 4 shows that the
phosphatability of each of the materials that were surface treated with the treatment agent was improved significantly. A
comparison between Example 6 and Comparative Example 1 shows that when the contents of the components in the
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treatment agent were insufficient, it was unlikely to improve the phosphatability of the sample surface effectively by the
treatment. As it can be seen from Examples 1, 2 and Comparative Example 2, the addition of appropriate amounts of the F-
containing compound and metal salt could optimize the phosphatability of the sample surface, but excessive addition was
not conducive to rapid growth of the phosphating film due to the increase in film thickness, resulting in a decrease in
phosphatability. As it can be seen from Example 4 and Comparative Example 3, excessive addition of the surfactant
affected the film-forming effect of the treatment agent, and thus notably reduced the effect of the treatment on the
optimization of the phosphatability of the sample surface. As it can be seen from Examples 3, 4 and 5, the treatment agent
was compatible with typical coating methods such as spraying, immersion and roller coating, and had a wider range of
process adaptability.

Table 4: Performances of the examples

Designation Coverage rate (rating) Crystal size (µm) Film weight (g/m2)

Ex. 1 ⊚ 3.2 2.5

Ex. 2 ⊚ 2.3 2.3

Ex. 3 ⊚ 3.6 2.5

Ex. 4 ⊚ 2.9 2.4

Ex. 5 ○ 5.7 2

Ex. 6 ⊚ 3.8 2.3

Comp. Ex. 1 Δ 8.1 1.9

Comp. Ex. 2 × 7.9 1.6

Comp. Ex. 3 Δ 8.5 1.8

Comp. Ex. 4 × 10.1 1.4

[0031] Of course, thoseskilled in the art should appreciate that the above examples areonly used to illustrate the present
disclosure, rather than to limit the present disclosure. Any changes or modifications to the above examples will fall within
the scope of the claims in the present disclosure, so long as they are within the spirit of the present disclosure.

Claims

1. An environmentally friendly water-based treatment agent for improving phosphatability of high-strength steel,
wherein the water-based treatment agent is prepared by dissolving or dispersing a composition in an aqueous
medium, wherein the water-based treatment agent specifically comprises:

A. a compound selected from compounds containing fluoride ions;
B. a metal ion compound selected from compounds containing Cu, Zn, Mn, Ni, and Fe;
C. a compound selected from organic acids;
D. a compound selected from surfactants.

2. The environmentally friendly water-based treatment agent for improving phosphatability of high-strength steel
according to claim 1, wherein the compound containing fluoride ions is selected from one or more of ammonium
fluorotitanate, ammonium fluorozirconate, potassium fluorotitanate, potassium fluorozirconate.

3. The environmentally friendly water-based treatment agent for improving phosphatability of high-strength steel
according to claim 1 or 2, wherein a molar concentration of the F element in the water-based treatment agent
solution is 0.3‑1.8 mol/L, preferably 0.3‑1.7 mol/L, and more preferably 0.6‑1.1 mol/L.

4. The environmentally friendly water-based treatment agent for improving phosphatability of high-strength steel
according to claim 1, wherein

the metal ion compound containing Cu is selected from sulfates, carbonates, and nitrates that contain copper
ions;
the metal ion compound containing Zn is selected from sulfates, phosphates, formates, and acetates that contain
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Zn ions;
the metal ion compound containing Mn is selected from phosphates, carbonates, and nitrates that contain Mn
ions;
the metal ion compound containing Ni is selected from sulfates, nitrates, and carbonates that contain Ni ions;
the metal ion compound containing Fe is selected from nitrates and oxalates that contain Fe ions.

5. The environmentally friendly water-based treatment agent for improving phosphatability of high-strength steel
according to claim 1 or 4, wherein a molar concentration of the metal ion compound in the water-based treatment
agent solution is 0.05‑0.6mol/L, preferably 0.07‑0.6mol/L, and more preferably 0.1‑0.25mol/L.

6. The environmentally friendly water-based treatment agent for improving phosphatability of high-strength steel
according to claim 1, wherein the organic acid compound is an organic acid compound with a complexing or chelating
function, preferably selected from one or more of citric acid, oxalic acid, tannic acid, lactic acid, tartaric acid, and
salicylic acid.

7. The environmentally friendly water-based treatment agent for improving phosphatability of high-strength steel
according to claim 1 or 6, wherein a molar concentration of the organic acid compound in the water-based treatment
agent solution is 0.03‑0.4mol/L, preferably 0.05‑0.2mol/L.

8. The environmentally friendly water-based treatment agent for improving phosphatability of high-strength steel
according to claim 1, wherein the compound selected from surfactants is selected from one or more of sodium
dodecyl sulfate, sodium dodecyl sulfonate, calcium dodecyl sulfonate, octadecylamine and triethanolamine.

9. The environmentally friendly water-based treatment agent for improving phosphatability of high-strength steel
according to claim 1 or 8, wherein a molar concentration of the surfactant in the water-based treatment agent
solution is 0.002‑0.015mol/L, preferably 0.003‑0.01mol/L.

10. The environmentally friendly water-based treatment agent for improving phosphatability of high-strength steel
according to claim 1, wherein the water-based treatment agent further comprises 0‑20 parts by weight of water.

11. Use of the environmentally friendly water-based treatment agent for improving phosphatability of high-strength steel
according to any one of claims 1‑10 on a continuous production line of pickled high-strength steel or cold-rolled high-
strength steel.

12. A method for improving phosphatability of high-strength steel, wherein the method comprises: treating the high-
strength steel with the environmentally friendly water-based treatment agent according to any one of claims 1‑10 by
immersion, spraying or roller coating; preferably, the high-strength steel is pickled high-strength steel or cold-rolled
high-strength steel.

13. The method according to claim 12, wherein the method further comprises: treating the high-strength steel with a
degreasing agent to remove dirt and oil adhering to its surface, then washing it with pure water to remove alkaline
matter remaining on the surface, and then using the environmentally friendly water-based treatment agent to perform
surface treatment on the high-strength steel after blow drying.

14. A high-strength steel or a phosphated steel sheet obtained by phosphating the high-strength steel, wherein the high-
strength steel has a nano-scale surface modification layer on the surface, wherein the nano-scale surface modifica-
tion layer is formed from the environmentally friendly water-based treatment agent according to any one of claims 1‑10
after drying; preferably, the phosphated steel sheet has a phosphating crystal coverage rate of ≥ 80%, preferably
100%; a phosphating crystal size of ≤ 6µm; and a phosphating film weight of ≥ 2g/m2.

15. A method for phosphating high-strength steel, comprising: treating the surface of the high-strength steel using the
method according to claim 12 or 13, and subjecting the high-strength steel obtained by treating the surface to
degreasing, water washing, surface conditioning,
phosphating, water washing and drying in sequence, so that the high-strength steel is phosphated.
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