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Abstract: Additives of dioctyl phthalate (DOP), ethylene bis-stearomide (EBS), and epoxy (EP) were selected to 
modify the surface of 7075 Al alloy powder. Functional groups in DOP and EBS form hydrogen bonds with hydroxyl 
groups on the surface of Al powder. Additionally, the epoxy groups in the epoxy resin undergo ring-opening reactions 
with hydroxyl groups. The above interactions increased the compatibility between alloy powder and polyoxymethylene 
(POM). After sintering, samples containing DOP and EP presented high contents of C and O, while the part with EBS 
additive exhibited the lowest contents of 0.006 wt.% C and 0.604 wt.% O, respectively. Excessive C tends to 
accumulate at grain boundaries during sintering. Concurrently, excessive O causes secondary oxidation of aluminium 
alloy powder, inhibiting the sintering densification process. Therefore, the densities of the samples containing DOP and 
EP were only 85.52% and 79.01%, respectively. In contrast, using EBS as an additive, high-quality aluminium alloy 
parts were achieved, with a relative density of 97.64% and a tensile strength of 193 MPa. 
Key words: 7075 aluminium alloy; polyoxymethylene-based feedstock; additives; compression moulding; metal 
injection moulding; microstructure; mechanical properties 
                                                                                                             

 
 
1 Introduction 
 

7075 aluminum alloy is widely utilized in 
aerospace, industrial manufacturing, and other 
sectors requiring high-strength structural materials 
due to its excellent specific strength, good corrosion 
resistance, and wear resistance [1−3]. With the rapid 
advancements in smartphones, semiconductors, and 
other fields, the demand for lightweight and high- 
strength components continues to rise [4,5]. Metal 
injection molding of aluminium alloys (MIM-Al) 
has garnered significant attention due to its benefits 
of high dimensional accuracy, uniform structure, 
efficient raw material utilization, and superior 
performance [6,7]. The process involves adding a 
binder to the powder, which fills the inter-particle 

voids and enhances the fluidity during the molding. 
After removing the binder through one- or two-step 
debinding process, a densified structure is formed 
by sintering at high temperatures. The design of  
the binder is crucial in the injection molding 
process [8,9]. The binder typically comprises three 
parts: (1) the matrix, constituting 60−90 wt.% of  
the total binder, providing the necessary fluidity  
for feedstock; (2) the backbone, constituting 
8−35 wt.% of the binder, providing strength for the 
green body; (3) additives, constituting 1−5 wt.% of 
the total binder, used to enhance the affinity 
between the powder and the binder, reduce 
molecular entanglement friction among binder 
components, and improve powder stability   
during injection [10,11]. However, at relatively  
low temperatures, the carbon and oxygen impurities  
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remaining after debinding can easily react with 
aluminium, which poses a significant challenge [12]. 
Therefore, the requirements for good rheology and 
low residue must be considered in the design of 
binders for MIM-Al [13−15]. 

Currently, wax-based binder systems are 
commonly used in MIM-Al, with stearic acid (SA) 
as the primary additive [16]. NI et al [17] prepared 
MIM-Al with a tensile strength of 154 MPa using a 
binder system consisting of carnauba wax (CW), 
high density polyethylene (HDPE), and SA. 
Furthermore, DAYAM et al [18] achieved 
aluminium alloys with a relative density of 98.24% 
by adding vaseline as a plasticizer. Nevertheless, 
with the widespread use of wax-based binders, their 
drawbacks have become apparent. For instance, the 
low viscosity of wax and significant volume 
changes during cooling could lead to defects such 
as phase separation and deformation. Moreover, 
solvent debinding of wax-based binder usually 
causes the billet to be prone to collapse [19−21]. 
Hence, finding a new binder is a crucial task for 
MIM-Al. Polyoxymethylene (POM)-based binders 
offer advantages including high debinding 
efficiency, good shape conformity, low residue and 
satisfactory dimensional accuracy, which have been 
successfully adopted in titanium alloys [22,23]. 
However, the study on POM-based binders for 
MIM-Al remains limited. One reason is the poor 
compatibility between POM and aluminium alloy 
powder, leading to non-uniform powder distribution 
in the binder [24]. Based on this, enhancing the 
wettability between POM and Al alloy powder is an 
efficient path [25]. Similar to active metal powders, 
the design of POM-based binder can draw on    
the MIM-Ti to a certain extent. LIU et al [26] 
investigated the effect of different active agents  
on the compatibility of TiAl powder injection 
moulding feedstock. The results showed that the 
addition of EBS resulted in a better wetting effect 
of the powder with the binder. CHEN et al [27] 
prepared Ti−6Al−4V−POM based feedstock using 
EBS as additive and prepared titanium alloy parts 
with a relative density of 97.10% and a tensile 
strength of 746 MPa. 

This study aims to identify an optimal additive 
for MIM-Al in the context of POM-based feed- 
stocks, with the goal of enhancing compatibility 
and improving the properties of the resulting 
processed products. Based on this, three additives 

of DOP, EBS, and EP were selected after 
investigating commonly used additives in titanium 
alloy metal powder injection molding [28]. 
Simultaneously, we proposed a facile powder 
compression molding process in which the 
feedstock was injected and compacted directly in 
the heated mould. This method helps prepare parts 
with complex shapes at relatively low processing 
costs due to the simplicity of the equipment [29]. 
We investigated the roles of additives in the 
morphology and viscosity of the POM-based 
feedstock, and studied the effect of C and O contents 
on the microstructure and mechanical properties of 
MIM-Al. Additionally, geometrically complex 7075 
aluminum alloy was prepared by compression 
molding using the optimized binder system. 
 
2 Experimental 
 
2.1 Raw materials 

The raw material powder was 7075 aluminium 
alloy powder (10 μm, Shanghai Xiangtian 
Nanomaterials Co., Ltd., China). The microscopic 
morphology of the powder is nearly spherical (as 
shown in Fig. S1 in Supplementary Materials). 
POM (DuPont, Shenzhen, China) was used as the 
main filler, and polypropylene (PP, Macklin, 
Shanghai, China) was selected as the backbone 
binder. Three different additives included the 
dioctyl phthalate (DOP, Sinopharm, Shanghai, 
China), ethylene bis-stearomide (EBS, Sinopharm, 
Shanghai, China), and epoxy (EP, Sinopharm, 
Shanghai, China), which were used to improve the 
wettability of the powder−binder mixture. 
 
2.2 Compression moulding of 7075 aluminium 

alloy 
The process of preparing 7075 aluminium 

alloy parts from POM by compression moulding (as 
shown in Fig. S2 in Supplementary Materials) 
involves four stages: mixing, forming, degreasing 
and sintering. 

The volume fraction of 7075 aluminium alloy 
powder was maintained at 64%. The content of 
each component in the binder is presented in 
Table 1. Three groups of binders with different 
additives were designated as F1, F2, and F3 for the 
additives of DOP, EBS and EP, respectively. For the 
kneading process, aluminium alloy powder was 
added into the mixer chamber, set at 20 r/min, 
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heated to 110 °C and maintained for 2 h to ensure 
complete drying of the powder. Then, the 
temperature was raised to 190 °C, and POM-based 
polymer was added in increments to mix with the 
powder at a mixing speed of 40 r/min for 1 h. After 
that, the feedstock was cooled to room temperature 
to obtain the final material. 
 
Table 1 Composition design of binders for 7075 Al-POM 
feedstock (wt.%) 

Binder 
system 

Main binder 
POM 

Backbone 
binder PP 

Additive 

DOP EBS EP 

F1 85 14 1 0 0 

F2 85 14 0 1 0 

F3 85 14 0 0 1 
 

The pressureless sintering of the aluminum 
alloy was conducted in a tube furnace (GSL−1700X, 
Kejin, Hefei, China) under a high nitrogen flow, 
which established a low partial oxygen pressure to 
inhibit oxidation of the aluminum alloy powder and 
facilitated the breakdown of the oxide film on   
the powder surface [30]. The specific steps of the 
sintering process are as follows: (1) heating from 
room temperature at 2 °C/min to 350 °C for 1 h;  
(2) heating up at 1 °C/min to 450 °C for 1 h;     
(3) heating up at 1 °C/min to 500 °C for 1 h;     
(4) heating up to the final target temperature of 
610 °C and holding for 1 h, and then cooling the 
chamber to room temperature. The entire process 
was conducted using high-purity nitrogen with a 
purity of 99.999% and a flow rate of 3 L/min. 
 
2.3 Characterization 

In order to evaluate the effect of different 
additives on the wettability of the aluminium alloy 
powder with POM, additives and 7075 powder 
were fully mixed by ball milling for 10 h. The 
contact angles of the three binders with aluminium 
alloy powders were measured using a contact angle 
meter (Dataphysics DCAT21, Germany) at 180 °C. 
The rheological properties of the three POM-based 
feedstocks were measured using a rotational 
rheometer (Haake Mars 60, Germany). The 
relationship between shear viscosity and shear rate 
of the feedstocks was determined at 180 °C and 
10−1000 Pa. In order to gain a deeper understanding 
of the thermal decomposition properties and 
microstructural evolution of the 7075 aluminium 

alloy powder and the aluminium alloy-POM-based 
feedstocks, the thermal properties of the powders 
and feedstocks were characterized using TG−DTG 
(Netzsch STA2500, Germany). The microstructures 
of the powders, feedstocks, green bodies, degreased 
raw billets, and sintered alloys were observed using 
a scanning electron microscope (Mira3, Tescan, 
Czech) in combination with an EDS spectroscopic 
detector. The sintered densities of the alloys were 
measured using the Archimedes drainage method. 
Phase analysis of the sintered alloys was conducted 
via X-ray diffraction (XRD, X’Pert Pro MPD, 
Malvern Panalytical, Finland), and the tensile 
properties were evaluated using a universal testing 
machine (Instron 3369, USA). 
 
3 Results and discussion 
 
3.1 Effect of additives 

A common method to improve the contact 
angle of the powder with the binder is the use of 
additives in the binder, which reduce the contact 
angle of the powder with POM through surface 
modification. Figure 1 shows the schematic 
diagram and results of the contact angle test. From 
Figs. 1(b−e), it can be seen that the contact angle 
between the original 7075 powder and POM 
reaches a maximum of 122.6°. After the addition of 
the additives, the contact angle between the powder 
and the binder is reduced, with the EBS-modified 
powder exhibiting the smallest contact angle with 
POM. This indicates that the powder and the binder 
have the best wettability at this point. 

The surface of aluminium alloys typically 
contains a naturally occurring oxide layer, which 
 

 
Fig. 1 Schematic diagram of contact angle experiment (a) 
and contact angle test results for different binder systems 
(b−e) 
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can further react with water or hydroxides to form 
hydroxyl groups (—OH) [31]. The addition of DOP, 
EBS, and EP may alter the intermolecular forces  
on the surface of aluminium alloy powders. This 
alteration affects the degrees of freedom and energy 
of molecular vibrations, thereby changing the 
positions of the infrared spectral peaks [32]. The 
infrared spectra in Fig. 2 show that the wavenumber 
positions of the O—H absorption peaks at 3784 and 
3703 cm−1 in the free state decrease, and the peak 
shapes become broader after the addition of     
the additives. This suggests the presence of 
intermolecular or intramolecular interactions that 
facilitate bonding between the powders and the 
binder. Additionally, the wavenumber position    
of the C—O absorption peak at 1044 cm−1 in the 
original 7075 powder species increases after    
the additives are applied. The absorption peaks 
corresponding to C=O and C—N at 1403 cm−1 are 
also altered, indicating that the additives are evenly 
mixed with the surface of the aluminium alloy, 
thereby changing the positions of the infrared 
absorption peaks. The interactions of the three 
additives with the powder are illustrated in Fig. 3. 
DOP is a commonly used plasticizer. The oxygen 
atoms in its two ester groups are highly 
electronegative and act as hydrogen bond  
acceptors [33]. EBS, a commonly used lubricant, 
contains two amide groups in its molecular 
structure. The nitrogen and oxygen atoms in these 
groups possess lone pairs of electrons, enabling 
them to participate in hydrogen bonding [34]. 
Therefore, DOP and EBS adhere to the surface of 

aluminium alloy powders through hydrogen 
bonding. The epoxide (—CHOCH—) and hydroxyl 
(—OH) groups in epoxy resins can form new bonds 
(e.g., C—O—C or C—OH) through ring-opening 
reactions on the surface of aluminium alloy 
powders [35,36]. The resulting covalent bonds 
significantly enhance the adhesion between the 
epoxy resin and the aluminium alloy surface. The 
long alkane chain structures of EBS and DOP are 
similar to those of POM, and the epoxy groups in 
the epoxy resin can interact with the carbonyl 
groups in POM through intermolecular forces [37]. 
Therefore, the compatibility of the aluminium alloy 
powder with POM is enhanced by adding these 
additives during the mixing process. 
 
3.2 Properties of 7075-POM feedstocks 
3.2.1 Morphology and thermogravimetric curves 

The morphologies and TG−DTG curves of the 
 

 
Fig. 2 Infrared spectra of original and modified powders 

 

 
Fig. 3 Reaction mechanism between three additions and POM-based feedstock 
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feedstock are shown in Fig. 4. The binder is 
uniformly distributed around the powder, which 
potentially improves the mixture fluidity. In 
addition, this uniformity mitigates the risk of 
defects, such as cracks and deformation, which may 
arise from an excess of local binder during 
subsequent debinding and sintering processes. 
Figures 4(b, d, f) illustrate the TG−DTG curves of 
the three feedstocks. Initially, the TG curve shows a 
slight decrease before reaching 200 °C, likely due 
to the decomposition of water in the feedstock. As 
the temperature increases, the mass loss becomes 
significant starting at 200 °C. At 400 °C, the mass 
loss for F1, F2, and F3 samples is 22.99%, 19.97%, 
and 16.99%, respectively, corresponding to the total 

content of POM and additives in the feedstock. 
Notably, two distinct heat absorption peaks appear 
in the DTG curve between 350 and 440 °C, 
indicating the decomposition reactions of POM  
and PP. At 450 °C, a mass loss of approximately   
2% is observed, which indicates the complete 
decomposition of PP. At 500 °C, the mass loss for 
F1, F2, and F3 samples reaches a maximum of 
24.56%, 22.29%, and 18.69%, respectively. 
3.2.2 Rheological properties of feed material 

During the molding process, feedstocks 
typically exhibit pseudoplastic rheological behavior. 
The viscosity of the feedstock decreases as the 
shear rate increases when subjected to shear forces. 
This rheological property is crucial for the molding 

 

 

Fig. 4 SEM morphologies (a, c, e) and TG−DTG curves (b, d, f) of raw materials modified by different additives:     
(a, b) F1; (c, d) F2; (e, f) F3 
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process, as it enhances material flow and reduces 
the occurrence of defects, thereby improving the 
quality and consistency of the final product. The 
relationship between viscosity and shear rate can be 
expressed by the following equation [38]:  
η=Kγ 

n−1                                                  (1)  
where η is the viscosity, K is a constant, γ is the 
shear rate, and n is the mobility index which 
reflects the fluid’s shear sensitivity (usually 
0.2<n<1 is required, and the smaller the better). 
Figure 5 illustrates the relationship between shear 
stress and shear rate, as well as the logarithmic 
relationship between shear viscosity and shear rate. 
Figure 5(a) shows that with increasing shear rate, 
the shear stress increases. Figure 5(b) demonstrates 
that the feedstock exhibits the shear thinning 
pseudoplastic rheological behavior. This behavior 
results from the alteration of the original molecular 
chain composition under shear forces and the 
reorientation of molecular chains in the flow 
direction, leading to a decrease in viscosity [39]. 
 

 
Fig. 5 Rheological curves of different samples: (a) Shear 
stress versus shear rate; (b) Shear viscosity versus shear 
rate 

The non-newtonian indices (n) of the three 
feedstock groups (F1, F2 and F3) are 0.30, 0.25, 
and 0.27, respectively. This indicates that F2 
exhibits the strongest pseudoplasticity, meaning that 
F2 experiences the most significant viscosity 
reduction under high shear rates, thereby possessing 
good fluidity. 
 
3.3 Morphology of green body before and after 

forming and debinding 
Approximately 36 vol.% of the binder in the 

billet was entirely removed during the debinding 
process. The model diagrams of the gears prepared 
by powder compression molding and the billets 
before and after debinding are shown in Fig. 6. 
Following debinding, the resulting porous structure 
of the billets is characterized by a network of inter- 
connected pores, which facilitates the subsequent 
sintering process. 
 

 
Fig. 6 Schematic diagrams before and after debinding  
of green body: (a) Gear model; (b) Green tissue model; 
(c) After catalytic debinding; (d) After thermal debinding 
 

As shown in Fig. 7, the billets demonstrate 
high dimensional accuracy and smooth, defect-free 
surfaces, with the binder uniformly distributed    
in a mesh-like structure surrounding the powder 
particles. During catalytic debinding, the majority 
of the POM in the billet decomposes rapidly    
into small formaldehyde molecules, which are 
subsequently removed. The debinding temperature 
(120 °C) is maintained below the melting point of 
POM, effectively preventing the formation of a 
liquid phase. Under this condition, the billet retains 
its shape while developing porous spaces, which act 
as pathways for thermal debinding. As a result, the 
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Fig. 7 Macroscopic morphologies (a, b, c) and SEM images (a1−a3, b1−b3, c1−c3) of green bodies before and after 
debinding: (a, a1−a3) F1 gear; (b, b1−b3) F2 gear; (c, c1−c3) F3 gear 
 
billet surface remains smooth and dimensionally 
stable, showing no deformation or other defects. 
 
3.4 Morphology of sintered aluminum alloy 

The sintering process is critical in determining 
the overall performance of the final product. 
Aluminum alloy powder is highly reactive, forming 
a dense oxide film on its surface. To promote 
densification and prevent secondary oxidation, a 
high-flow nitrogen atmosphere is utilized during 
sintering. The morphology and microstructure of 
each group after sintering are presented in Fig. 8. 
The F1 and F3 samples display notable porosity and 
distinct grain boundaries, with densities of 85.52% 
and 79.01%, respectively. These findings suggest 
that substantial densification barriers were present, 
which hindered the formation of sintering necks and 
led to incomplete densification. The presence of 
pores negatively impacts the mechanical properties 
of the materials and may lead to instability during 
subsequent processing [40]. In contrast, the F2 
samples exhibited filled pores and a dense structure 
after sintering, achieving a high density of 97.64%. 
This suggests effective metallurgical bonding, 

characterized by less prominent grain boundaries, 
which enhances the strength and toughness of the 
materials. 

EDS analysis revealed that the C and O 
contents in the F1 and F3 samples were 
significantly higher than those in the F2 sample. 
This may be attributed to the accumulation of C and 
O at the pore boundaries, which creates an 
environment unfavorable for densification. In the 
F2 sample, however, the C and O elements were 
uniformly distributed, indicating effective control of 
carbon oxides during sintering, which facilitated 
alloy densification [41]. Additionally, the Cu, Mg, 
and Si elements tended to aggregate, contributing to 
the formation of reinforcing phases that enhance the 
overall performance of the material [42]. The XRD 
patterns in Fig. 9 reveal the presence of the white 
Al2Cu phase and the grey Mg2Si phase in the F2 
sample, further enhancing the densification and 
strength, indicating good sintering performance and 
inter-bonding capability. In contrast, the Al−Mg−C 
carbides in the F1 sample and Al−Si−O oxides in 
the F3 sample inhibit the formation of Al2Cu and 
Mg2Si reinforcing phases, resulting in lower sintered 
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Fig. 8 Morphologies of 7075 Al alloy samples after sintering: (a) F1 macroscopic morphology; (b, b1−b8) SEM−EDS 
results of F1; (c) F2 macroscopic morphology; (d, d1−d8) SEM−EDS results of F2; (e) F3 macroscopic morphology;   
(f, f1−f8) SEM−EDS results of F3 
 

 
Fig. 9 XRD patterns of original alloy powder and three 
sets of sintered samples 
 
densities for these groups. This suggests that     
an optimal phase composition can substantially 
enhance the mechanical properties of the materials. 

3.5 C and O contents of sintered aluminum alloys 
Figure 10 shows the C and O contents in the 

SEM images of the green bodies of the F1 and F3 
groups after thermal debinding at different 
temperatures. As shown in Figs. 10(a) and (b), the 
raw billet was completely degreased at 500 °C, with 
no residual binder around the powder, and the C 
content in the F1 group increased to 11.98 wt.%. 
When the temperature reaches 540 °C, the C 
content increases to 12.18 wt.%, and the C element 
is uniformly distributed in the matrix. This uniform 
distribution leads to the aggregation of C at grain 
boundaries during the subsequent sintering process. 
Sintering densification of aluminum alloys is 
mainly controlled by grain boundary migration  
and grain growth. The aggregation of C at grain 
boundaries increases the diffusion barrier, which 
reduces the atomic diffusion rate and hinders the 
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Fig. 10 SEM−EDS results of green bodies after thermal debinding at different temperatures: (a, a1, a2) F1, line scanning 
results at 500 °C; (b, b1, b2) F1, line scanning results at 540 °C; (c, c1, c2) F3, line scanning results at 500 °C; (d, d1, d2) 
F3, line scanning results at 540 °C 
 
densification process [43,44]. In addition, the 
presence of C during the sintering process may lead 
to the formation of carbides, which can cause the 
formation of pores within the material. These pores 
are difficult to eliminate completely during 
sintering. Moreover, the pores may act as initiating 
points for cracks, reducing the overall strength of 
the material [45−47]. 

As shown in Figs. 10(c) and (d), the C content 
in the F3 group after debinding reaches 11.85 wt.%. 
Upon increasing the temperature to 540 °C, the C 
and O contents increase significantly. During the 
debinding process, although most of the EP resin  
is removed, some residual EP resin or its 
decomposition products may remain in the raw 
billet. Residual EP resin or its decomposition 
products can increase the C and O contents in   
the blank. Moreover, during the debinding process, 
the EP resin undergoes thermal or chemical 
decomposition, producing small molecular organic 
compounds that still contain significant amount   
of C and O. These decomposition products may 
become trapped in the pores or on the surface of the 
billet, thus increasing the C and O contents in the 
billet [48]. Excessively high C content hinders the 
sintering process, while high O content leads to 
secondary oxidation of the powder, forming a dense 
and stable oxide film on the surface of the alloy. 
This oxide film hinders the migration and diffusion 
process at grain boundaries, making it difficult to 

form sintering necks and, consequently, preventing 
densification [49,50]. The impediments of C and O 
to densification during sintering and the normal 
sintering densification process are shown in Fig. 11. 
 
3.6 Preparation of complex shape components 

Figure 12 presents a complex screw and gear 
component fabricated from an optimized F2 group 
feedstock. The blank surfaces are smooth and 
defect-free, featuring well-defined threads and  
gears with high dimensional accuracy. This result 
confirms the homogeneity of the optimized 
feedstock in terms of material distribution and 
density, demonstrating the effectiveness of the 
method in minimizing molding defects. Powder 
compression molding ensures the integrity and 
consistency of the original blanks during production, 
thereby avoiding cracks and porosity commonly 
associated with the conventional processes. 
Furthermore, the improved dimensional accuracy 
enables better part fit during subsequent machining 
and assembly, reducing the need for rework and 
minimizing material waste. This method not only 
boosts productivity but also lowers production costs, 
offering reliable technical support for large-scale 
manufacturing. The findings of this study confirm 
the potential of the compression molding process 
for a wide range of applications in producing 
complex parts, emphasizing its advantages in 
achieving high-precision, high-quality components. 
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Fig. 11 Comparison of each sintered part (a) and sintering process with different C and O contents (b, b1, b2, b3) 
 

 
Fig. 12 Compression molding process for preparation of complex parts from F2 group feedstock: (a, a1) Screw blanks; 
(b, b1) Gear blanks; (c, c1) Screw sintered parts; (d, d1) Gear sintered parts 
 
3.7 Mechanical properties 

Table 2 shows the tensile strength of aluminum 
alloy injection molded parts in this study and 
literature [17,51,52]. The tensile strength of the F2 
group samples reaches 193 MPa, significantly 
higher than that of aluminum alloys using 
wax-based binder systems. Table 3 shows the C and 
O contents of the three samples at various sintering 
temperatures. After the thermal debinding process, 
the C and O contents in F2 sample at 580 °C are 
lower than those in the other two groups, with 
values of 0.006 wt.% and 0.604 wt.%, respectively. 
The lower C and O contents reduce the formation of 

carbides and oxides during the sintering process, 
thereby optimizing the microstructure and 
mechanical properties of the sintered aluminium 
alloys. In contrast, the C content in F1 sample at 
580 °C increased to 0.309 wt.%, while O content 
rose to 1.630 wt.%, whereas in F3 sample at 580 °C, 
C content increased to 0.292 wt.% and O content  
to 2.515 wt.%. The increase in C and O contents 
impedes the subsequent sintering process, resulting 
in lower densities of the samples in these two 
groups. 

Figure 13 presents SEM images for the tested 
samples. F1 group samples have a significant 
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Table 2 Comparison of performance of aluminum alloy 
injection molded components in this study and literature 

Sample Tensile 
strength/MPa 

Shrinkage 
rate/% 

Relative 
density/% Source 

F1 102±15 3.76±0.18 85.52 This 
work 

F2 193±20 4.24±0.21 97.64 This 
work 

F3 48±13 2.55±0.15 79.01 This 
work 

Al−Si 154 − 95.50 Ref. [17] 

6061Al+ 
2wt.%Sn+ 

10wt.%AlN 
184 − 970 Ref. [51] 

6061Al+ 
2wt.%Sn 165 − 97.10 Ref. [52] 

 

Table 3 C and O contents of three samples at different 
temperatures 

Sample 
C content/wt.%  O content/wt.% 

500 °C 540 °C 580 °C  500 °C 540 °C 580 °C 

F1 0.215 0.478 0.309  0.498 0.943 1.630 

F2 0.197 0.192 0.006  0.762 0.951 0.604 

F3 0.320 0.384 0.292  0.861 1.186 2.515 
 
number of pores, which suggests that excessive C at 
the grain boundaries significantly hinders the 
diffusion process during sintering. Additionally, 
Figs. 13(e) and (f) illustrate that the F3 group 
samples display a higher pore density and 
pronounced powder agglomeration. This indicates 
that the excessive oxygen causes the secondary 
oxidation of the aluminum alloy powders in F3 group 

 

 
Fig. 13 SEM images of fracture surface of sintered samples after tensile strength test: (a, b) F1; (c, d) F2; (e, f) F3 
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sample, thereby hindering the formation of sintering 
necks between the particles. Figures 13(c) and (d) 
display SEM images of the fracture surfaces of F2 
samples. The grain size of the sintered samples is 
approximately 10 μm, and the fracture surfaces 
show the presence of dimples and tearing edges. 
Hence, the material has good plastic deformation 
capability and exhibits a ductile fracture mode. The 
dense distribution of dimples and the reduced 
presence of voids on the fracture surface further 
indicate that the material sintered in this 
composition achieves greater density and improved 
mechanical properties. 
 
4 Conclusions 
 

(1) Additives can promote the intermolecular 
or intramolecular interactions between the powder 
and binder, and improve the compatibility between 
them, in which the contact angle between 7075 
powder and POM is 106.6° when EBS is used. 
Meanwhile, the feedstock shows a lower non- 
newtonian index of 0.25. 

(2) EBS is suitable to be used as an additive in 
7075-POM based feedstocks. The lowest C and O 
contents in the sintered F2 samples accelerate the 
formation of intermediate phases such as Al2Cu and 
Mg−Si compounds. When DOP and EP were used 
as additives, the C and O contents of the samples 
should be too high to impede the sintering process. 

(3) Geometrically complex 7075 aluminium 
alloy with a high relative density of 97.64% and a 
tensile strength of 193 MPa was prepared by high 
nitrogen-flow sintering method. 
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改性聚甲醛基喂料制备复杂形状 7075 铝合金的显微组织和力学性能 
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摘  要：以邻苯二甲酸二辛酯(DOP)、乙撑双硬脂酰胺(EBS)和环氧树脂(EP)为添加剂修饰 7075 Al 合金粉末表面。

DOP 和 EBS 中的官能团与 Al 粉末表面的羟基形成氢键。此外，环氧树脂中的环氧基团与羟基发生开环反应。上

述相互作用增加了合金粉末与聚甲醛(POM)之间的相容性。烧结后，含 DOP 和 EP 的样品中 C、O 含量较高，而

含 EBS 添加剂的样品具有最低的 C、O 含量，分别为 0.006% C (质量分数)和 0.604% O (质量分数)。在烧结过程

中，过量的 C 倾向于积聚在晶界处。同时，过量的 O 会导致铝合金粉末的二次氧化，从而抑制烧结致密化过      

程。因此，含有 DOP 和 EP 的样品致密度分别仅为 85.52%和 79.01%。相比之下，以 EBS 作为添加剂时可获得相

对密度为 97.64%、抗拉强度为 193 MPa 的高质量铝合金零件。 

关键词：7075 铝合金；聚甲醛基喂料；添加剂；压缩成型；金属注射成型；显微组织；力学性能 
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