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The surface morphology of aluminum-silicon coated press hardening steel with different heating time 

was studied by scanning electron microscopy, and the AS150 and AS60 coatings were also compared. 

The results show that the dendrite phase can be formed when AS150 is heated for 3min, and the 

granular Al-Fe alloy grains can be formed when AS60 is heated for 2min. Both of these rough surface 

structures can provide good corrosion resistance after painting. Also, the surface morphology of the 

precoating was firstly found shows a significant influence on the surface morphology of aluminum-

silicon coated press hardened steel part. 
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1. Introduction 

In recent years, automotive lightweight technology has developed rapidly to meet 

increasingly stringent carbon emission regulations around the world. Ultra-high strength 

steels, especially hot-pressed hardened steels, are one of the effective ways to lightweight. 

Compared with cold forming technology, hot forming technology can avoid rebound effect 

to fully ensure the accuracy of parts. However, during the hot forming heating process of 

the steel sheet, even if there is a nitrogen atmosphere protection, an oxide layer is formed 

on the surface, then it needs to be shot blasting or pickling treatment to ensure the surface 

quality. So hot formed steel with coatings have been developed, such as, aluminum silicon 

(Al-Si) coating, hot dip plating pure zinc coating (GI), alloyed hot dip galvanizing coating 

(GA)[1-3]. 

However, hot formed Al-Si coating surfaces are non-reactive in phosphating solutions 

and no phosphate layer is formed on the surface.So the rough surface of the heat treated 

coating is must been insured to offer adequate paint adhesion without phosphate 

coating[4].It has been suggested that the alloyed layer has insufficient roughness when 

thicknesses of pre-coating is less than 20μm[5]. So far, there is a lack of research on the 

effect of coating thickness on the surface morphology of hot formed Al-Si coating. In this 

work, surface morphology evolution of Al-Si coated press hardening steel with different 

coating weight is studied. 
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2. Material and methods 

Two steel substrate was a common boron alloyed carbon manganese steel 22MnB5 with a 
thickness of 1.4 mm. The coating weight was 75g/m2 and 30g/m2 on one side. The steel is 
annealing from 60 to 360 seconds at 930℃and cooled to room temperature by water cooled 
plate mold. The surface and cross-sections were analyzed by scanning electron microscopy 
(SEM) and energy dispersive X-ray spectroscopy (EDX). 

3. Results and discussion 

3.1. AS150  

When the annealing time is 1 min, there is no obvious change on the surface of the coating 
compared with the initial one, EDS shows that the surface is Al-Si. When the annealing 
time is 2min, the surface of the coating changes and white fine linear structure appears. 
The EDS test shows that this phase is Fe2SiAl8 alloy phase. After the annealing time is 
3min, the dendrite phase is formed on the surface. The phase structure transformation of 
AS150 has been extensively studied and will not be described here [6,7]. 

 
Fig. 1.  Surface morphology of AS150 coating with varied annealing time (a-1min, b-2min, c-3min, d-4min, e-
5min, f-6min). 

3.2. AS60 

When the annealing time is 1min, the coating surface shows no obvious change. When the 
annealing time was 2min, fine granular phase appeared on the surface of the coating, and 
EDS showed that it was Fe2SiAl7. When the annealing time is 3min, the surface 
morphology did not continue to change, and EDS showed that the granular phase was 
Fe2Al5.In Fig.2b and Fig.2c, traces of the skin pass process were still clearly visible after 
hot formed. This indicates that the morphology of the original surface of the precoating has 
a great influence on the morphology after hot forming. High surface roughness Ra maybe 
also easily obtained even if the precoating is less than 20μm.  
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Fig. 2.  Surface morphology of AS60 coating with varied annealing time 
(a-1min-100X, b-2min-100X, c-3min-100X, d-1min-500X, e-2min-500X, f-3min-500X). 

Table 1.  EDS test. 

 Fe（wt%） Al（wt%） Si（wt%） Phase 

Point 1 28.9 63.5 7.5 Fe2SiAl8 

Point 2 32.3 55.9 11.8 Fe2SiAl7 

Point 3 47.4 50.8 1.8 Fe2Al5 

3.3. Discussion 

During the annealing process, the liquefaction and alloying of the coating occur 
simultaneously. When the precoating is thick enough to liquefy, the liquefy coating level, 
causing the original valley caused by skin passed to disappear, then alloying continues until 
the dendrite Fe2Al5 phase forms on the surface. When the thickness of the precoating is 
thin, there is not enough coating to liquefy, and the liquefied coating cannot make original 
valley disappear, and the original roughness of the precoating is retained. Therefore, the 
morphology of hot formed Al-Si coating depends not only on the thickness of the 
precoating, but also on the original morphology of the precoating. According to this 
mechanism, when the roughness of the precoating is high, even if the thickness of the 
precoating is thick, the roughness after hot forming will decrease, because the liquefied 
coating needs to fill a deeper valley, which causes the roughness after hot forming to be 
lower than that of the precoating.  
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Fig. 3.  Surface morphology evolution of Al-Si coated press hardening steel with different coating weight 

4. Summary 

The surface morphology of aluminum-silicon coated press hardening steel with different 
heating time was studied by scanning electron microscopy. The results shows：  

The dendrite phase can be formed when AS150 is heated for 3min, and the granular 
Al-Fe alloy grains can be formed when AS60 is heated for 2min. 

The surface morphology of the precoating was found shows a significant influence on 
the surface morphology of press hardened aluminum-silicon coating. 

The surface of AS coating after hot forming is the result of the combined effect of the 
precoating thickness and surface morphology. 
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which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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