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Аннотация. В настоящей обзорной статье авторами проанализирован потенциал электроимпульсной 
обработки как метода постобработки для сплавов, изготовленных методом аддитивного производства. Ад-
дитивное производство произвело революцию в современных производственных парадигмах, позволив по-
слойное изготовление сложных геометрий непосредственно из цифровых моделей. Металлические детали, 
изготовленные методом аддитивного производства, содержат неравновесные микроструктуры, которые ча-
сто нежелательны для критического применения. Было доказано, что процесс электроимпульсной обработки 
является эффективным методом быстрого нагрева для постобработки деталей аддитивного производства. В 
отличие от обычных видов термообработки, электроимпульсная обработка не только нагревает сплав, но и 
оказывает полезные эффекты в ходе процесса, включая снижение термодинамических барьеров для фазовых 
превращений, ускоренную атомную диффузию, улучшенную рекристаллизацию и снижение остаточных 
напряжений. Настоящее исследование продемонстрировало следующее: электроимпульсная обработка мо-
жет значительно изменять микротвердость сплавов путем применения подходящих электроимпульсных 
напряжений; электроимпульсная обработка может изменять и улучшать микроструктуру сплавов путем 
снижения термодинамических барьеров для фазового превращения α–>β; электроимпульсная обработка, ис-
пользуемая при постобработке стального сплава, продемонстрировала повышение пластичности и интен-
сивную гомогенизацию и др. Из представленного обзора очевидно, что электроимпульсная обработка явля-
ется потенциальным методом обработки для адаптации микроструктуры и механических свойств сплава, 
поскольку электроимпульсная обработка занимает гораздо меньше времени, чем термическая обработка с 
точки зрения получения микроструктурных изменений. 

Ключевые слова: электроимпульсная обработка, металлы и сплавы, аддитивное производство, ток вы-
сокой плотности, микротвердость, пластичность, механические свойства 
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Abstract. In this review article, we will analyze the potential of electropulsing treatment as a post-processing 

method for additively manufactured alloys. Additive manufacturing, has revolutionized modern production para-

digms by enabling the layer-by-layer fabrication of complex geometries directly from digital models. Additively 

manufactured metal parts often contain non-equilibrium microstructures, which often undesirable for critical appli-

cation. It has been proven that the electropulsing treatment process is an effective fast-heating method for post-

processing additive manufacturing details. Unlike conventional heat treatments, electropulsing not only heats the al-

loy but also exerts beneficial effects during the process, including reduced thermodynamic barriers for phase trans-

formations, accelerated atomic diffusion, enhanced recrystallization and reducing the residual stresses. The present 

study demonstrated what: electropulsing can significantly change the microhardness in alloys through applying suit-

able electropulsing voltages; electropulsing can modify and refine the microstructure of alloys through the reduction 

of thermodynamic barriers for α–>β phase transformation; electropulsing used in post-processing of steel alloy 

demonstrated the increase in ductility and severe homogenization et al. From the presented review it is obvious that 

the electropulsing is a potential processing method for tailoring the microstructure and mechanical properties of the 

alloy, because the electropulsing is much less time consuming than the heat treatment in terms of the production of 

the microstructural changes. 

Keywords: electropulsing treatment, metals and alloys, additive manufacturing, high density current, micro-

hardness, ductility, mechanical properties. 

Acknowledgements: The work by B.Yu.V. and S.M.N. (analysis of sources, experimental studies) was carried 

out with financial support from the Russian Science Foundation grant No. 25-22-00690, https://rscf.ru/project/25-

22-00690/. For K.E.A. (writing a review, microstructural analysis), the work was carried out with financial support 

from the state assignment No. FRRR-2026-0005 «Research into new coating materials obtained using assisted vac-

uum arc deposition for hardening metal‑cutting tools made of carbide, which are used for processing materials in the 

aircraft engine manufacturing industry». 

_____________________________________________________________________________________________ 

For citation: Bebikhov Yu.V., Semenov A.S., Semenova M.N., Bryzgalov V.A., Korznikova E.A., Dmitriev S.V. 

(2026). Analysis the potential of electropulsing treatment as a post-processing method for additively manufactured 

alloys. Fundamental’nye problemy sovremennogo materialovedenia (Basic Problems of Material Science (BPMS)), 

23(3), 365-376. doi: 10.25712/ASTU.1811-1416.2026.03.009. 

_____________________________________________________________________________________________ 

 

Introduction 

Additive manufacturing (AM), has revolution-

ized modern production paradigms by enabling the 

layer-by-layer fabrication of complex geometries 

directly from digital models [1-4]. Since its incep-

tion in the 1980s with Chuck Hull’s development 

of stereolithography (SLA), AM has evolved from 

a rapid prototyping tool into a cornerstone of in-

dustrial manufacturing [5]. By 2025, the global 

AM market is projected to exceed $25 billion, 

driven by its adoption in aerospace [6, 7], 

healthcare [8, 9], automotive [10, 11], and energy 

sectors [12, 13]. This growth reflects AM’s unique 

advantages, including design freedom, material ef-

ficiency, and the ability to produce customized, 

lightweight components with reduced waste.  
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Additively manufactured metal parts often 

contain non-equilibrium microstructures, including 

chemical segregations, residual stresses, and dislo-

cation networks [14, 15]. While these microstruc-

tures can enhance some properties, they are often 

undesirable for critical application. Conventional 

methods like heat treatment can address these is-

sues, but they significantly slow production and 

may potentially cause part defects and distortions 

[16, 17].  

The electropulsing treatment (EPT) process on 

the other hand is an effective fast-heating method 

for post-processing AM details, and its positive ef-

fect on microstructure and mechanical properties 

has attracted attention from various researchers 

throughout the years [18-24]. It has been revealed 

in different studies that the electropulsing treat-

ment can be used to improve the ductility in cold-

drawing technologies [25, 26], improve the fatigue 

properties [27] and heal fatigue microcracks [16, 

28-30]. It can be also used in refining the micro-

structure in solid state in deformed materials, as it 

has been done in [31] by Yang et al. on the de-

formed ZrTiAlV alloy.  

Unlike conventional heat treatments, electro-

pulsing not only heats the alloy but also exerts 

beneficial effects during the process, including re-

duced thermodynamic barriers for phase transfor-

mations, accelerated atomic diffusion, enhanced 

recrystallization and reducing the residual stresses 

[19, 32, 33]. Electropulsing treatment with high-

density current (1.5-2 kA/mm²) causes thermal ef-

fects, because passing through defects or through a 

large number of particles with high current re-

sistance causes localized heating in these areas 

(Joule heating). Joule heating provides directional 

energy transfer that preferentially activates diffu-

sion pathways along current flow lines, enabling 

anisotropic microstructural control [34-37]. Anoth-

er effect (athermal) induced by this treatment is the 

electron wind, which, at high current densities, al-

lows the flow of electrons to exert a force on atoms 

and promote their subsequent movement [38-40]. 

The combination of thermal and non-thermal 

effects during electropulsing enables unique mi-

crostructural modifications that can simultaneously 

improve strength and ductility in AM materials. In 

this review article, we will analyze the potential of 

electropulsing treatment (EPT) as a post-

processing method for additively manufactured 

(AM) alloys. 

AM titanium alloys’ EPT post-processing 

Selective laser melting (SLM), is one of the 

typical laser-based AM method, has been used in 

manufacturing of titanium [41] and aluminum al-

loys [42] due to the great advantage in manufactur-

ing complex details while having a high material 

utilization rate. Ti6Al4V is extensively used in var-

ious advanced manufacturing fields, such as bio-

medical engineering, aerospace and aviation due to 

the outstanding corrosion resistance and high 

strength-weight ratio [43, 44]. As-fabricated SLM-

Ti6Al4V has usual drawbacks for AM material 

such as low ductility and residual stresses. Heat 

treatment that is widely used in post-processing of 

such alloys can lead to high expenses and problems 

with microstructure homogeneity, especially in 

complex geometries [45]. To solve this problem, 

Gao et al. [46] employed EPT to enhance the mi-

crostructure and mechanical properties for further 

applications.  

They cut the annealed SLM-Ti6Al-4V cylin-

der into plate-like samples with a dimension of 

50×6.5×2.5 mm3 for EPT experiment (Fig. 1a). 

They have carried out the experiment at ambient 

temperature using a self-made device equipped 

with a capacitor bank discharge circuit (Fig. 1b), 

and the clamping device (Fig. 1c). 

 

Рис. 1. Иллюстрационная схема экспериментального процесса и оборудования ЭПТ (взято из [46]). 

Fig. 1. Illustration diagram of experimental process and EPT equipment (taken from [46]). 
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They chose EPT voltages from 6 kV to 8.5 kV 

as experimental parameters, these parameters 

based on the previous similar experiments [47]. 

The pulse duration was around 400 ns. The sam-

ples treated at 6 kV were referred to as EPT-6 

sample and so forth. The EPT-less sample was 

marked as EPT-0 by authors.  

The experiment showed that the microhard-

ness of the SLM-Ti6Al4V can be changed by ap-

plying different EPT voltages, as lower voltages 

can result in a slight decline of microhardness and 

high voltages can lead to the increase of micro-

hardness (seen in Figure 2). 

 

Рис. 2. Микротвердость различных образцов, 

обработанных различными напряжениями ЭПТ 

(взято из [46]). 

Fig. 2. Microhardness of different samples treated 

with various EPT voltages (taken from [46]). 
 

The untreated sample was found to consist of 

the original β-columnar grain with straight bounda-

ries and the lamellar structures, as illustrated in 

Figure 3a. Following EPT treatment, the specimen 

softens and its microhardness decreases. The 

straight β columnar grain boundaries (GB) trans-

form into zigzag ones, and the α lamellar structure 

significantly coarsens, as demonstrated in Figure 

3b. Following exposure to EPT with high voltage, 

the specimen undergoes a process of hardening, re-

sulting in a decline in microhardness. The authors 

speculated that the sample could potentially trans-

form to the β columnar GB structure, resulting in 

equiaxed grains and thinner α lamellas (Fig. 3c). It 

is evident from Figure 3d that the application of an 

increased voltage did not result in a change in mi-

crohardness. However, it was observed that β equi-

axed grains and α lamellas exhibited an increase in 

size (Fig. 3d). 

 

Рис. 3. Микроструктурная эволюция изменения 

микротвердости, вызванного ЭПТ (взято из [46]). 

Fig. 3. Microstructural evolution of EPT-induced 

change in microhardness (taken from [46]). 

AM aluminum alloys and steels’ EPT post-

processing 

EPT can also be used for post-processing alu-

minum alloys and steels. Noell et al. [48] have in-

vestigated the effects of EPT on SLM 316 SS steel 

and AlSi10Mg aluminum alloys. Authors em-

ployed tensile dogbones as a geometry [49, 50] for 

their steel and aluminum alloy specimens (Fig. 4). 

 

Рис. 4. Оптическое изображение сплава 316 SS, 

использованного в исследовании с областями 

(взято из [48]). 

Fig. 4. An optical image of a 316 SS alloy used in the 

study with regions (taken from [48]). 

The specimens had a uniform thickness of 2.5 

mm. The gauge width was around 2.5 mm and its 

length around 10 mm, with a 45 degrees’ fillet be-

tween the grip and gauge regions. Authors have 

prepared three steel specimens for EPT. They were 
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electropulsed 5, 10 and 100 times respectively. 

Significant chemical homogenization occurred in 

the two 316 SS samples that were pulsed 10 and 

100 times as shown in Fig. 5. Remnants of the cel-

lular structure are still visible. 

 

 

Рис. 5. Оптические изображения образцов 316 SS с большим увеличением: (а) состояние в исходном 

состоянии, (б) сталь после 100 импульсов с плотностью тока 0,81 кА/мм2 (взято из [48]). 

Fig. 5. High-magnification optical images of 316 SS specimens: (a) the as-fabricated condition, (b) steel after 100 
pulses with a current density of 0.81 kA/mm2 (taken from [48]). 

Long pulsations (200 ms) have achieved the 

removal of the microsegregation in the alloy. Elec-

tropulsing also didn’t affect the dislocation or grain 

structures in the material. Authors also discovered 

that EPT did not significantly change the Vickers 

hardness: the as-fabricated material had 230 HV 

and electropulsed material had 229 HV. 

As for the AlSi10Mg specimens, EPT in-

creased ductility and decreased hardness and 

strength. The ECCI images showed some spheroi-

dization of the α-silicon phase that occurred in 

samples 04, 05 and 06 (Fig. 6). 

 

Рис. 6. Контрастные изображения с электронным каналированием шести образцов, которые были 

подвергнуты электроимпульсной обработке. Образцы (a)-(e) находятся в состоянии после полировки. 

Образец (f) был протравлен с использованием реагента Келлера после полировки (взято из [48]). 

Fig. 6. Electron channelling contrast imaging of the six specimens that were electropulsed are provided. 
The specimens in (a) to (e) are in the as-polished condition. The specimen in (f) was etched using Keller’s reagent 

after polishing (taken from [48]). 



Бебихов Ю.В., Семёнов А.С., Семёнова М.Н., Брызгалов В.А., Корзникова Е.А., Дмитриев С.В. 

 

Фунд. пробл. совр. материаловед. 2026. Т. 23. № 3. С. 365-376 

370 

However, none of the AlSi10Mg samples 

reached the same ductility as the heat treated sam-

ple. This demonstrates that below some thresholds 

of current density and the number of pulses, EPT 

has no significance on the microstructure. 

Conclusions 

The present study demonstrated how EPT can 

be used for post-processing in different AM alloys, 

and through the study of the recent works on the 

subject it was concluded that:  

1. Electropulsing can significantly change the 

microhardness in SLM-Ti6Al-4V through applying 

suitable EPT voltages. As the relatively low volt-

age resulted in the decline of microhardness, sub-

sequent increase in voltage resulted in the signifi-

cant increase in microhardness.  

2. EPT can modify and refine the microstruc-

ture of SLM-Ti6Al-4V through the reduction of 

thermodynamic barriers for α–>β phase transfor-

mation.  

3. EPT used in post-processing of 316SS steel 

alloy demonstrated the increase in ductility and se-

vere homogenization, but it also didn’t change the 

dislocation and grain structure, therefore, the hard-

ness remained the same.   

4. In AlSi10Mg however, EPT showed the de-

cline in ductility, compared to the heat-treated 

sample. It also showed the change in the micro-

structure, as the spheroidization occurred in some 

EPT samples.  

In conclusion, it is evident that the EPT is a 

potential processing method for tailoring the mi-

crostructure and mechanical properties of the alloy. 

But it should be noted, as EPT can hold no signifi-

cance if it’s under certain thresholds. However, the 

EPT is much less time consuming than the heat 

treatment in terms of the production of the micro-

structural changes. Further work is necessary to 

understand the mechanisms and its effects on other 

AM materials. 
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