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Abstract: One of the perspective methods of the reconstruction worker to surfaces of the details 

of the different type is on melting wear-out steadfast material. For наплавке of the details of the 

type gross layer s on surfaces, possessing high wear-out by stability. In article is considered 

recovering the details of the type gross on melting wear-out steadfast metal on damaged worker 

of the surfaces and influence change the thickness to hardness of the gross after on swimming 

trunks. 
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 INTRODUCTION 

Modern mechanical engineering production is characterized not only by the use of 

fundamentally new materials and technologies but also by the improvement of existing 

technological processes. At the same time, the goal is to ensure high product quality, conserve 

resources, and utilize conventional raw materials and standard technological equipment. 

Ultimately, this leads to achieving the greatest economic efficiency[1]. 

One of the possible approaches to significantly improving the service properties of heat-

treated products is the application of heat treatment with repeated phase recrystallization. Among 

such methods, cyclic heat treatment has been studied most extensively and has found practical 

application. It provides grain refinement and increases the yield strength and impact toughness of 

steel[2]. 

The essence of this method lies in repeated phase recrystallization through multiple heating 

and cooling cycles at the critical temperatures A1 or A3. Numerous thermocyclic treatment 

methods have been developed for various alloys. However, from a technological standpoint, heat 

treatment involving double phase recrystallization is considered the most practical. 

It has been established that double quenching of bearing steel, carried out using 

conventional technology, increases its service life several times. This improvement is primarily 

attributed to the refinement of the grain structure and secondary carbides in the steel. The results 

of studies on the formation of steel microstructure during heat treatment with double phase 

recrystallization are presented in the works cited in[3]. 

It has been demonstrated that there are optimal heat treatment regimes with double phase 

recrystallization that ensure the formation of structures with fine austenitic grains, a high degree 

of dispersion of excess phases, and maximum dislocation density. These regimes involve the first 

recrystallization with heating to extreme temperatures, which for carbon and low-alloy steels are 

within the range of 1100–1150°C. At these heating temperatures, not only does the carbide phase 
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dissolve, but the dissociation and initial dissolution of refractory phases are also observed[4]. 

The initial dissolution of these phases is also characterized by the chemical heterogeneity of 

the solid solution, while cooling from this state (by quenching or normalizing) leads to the 

formation of a high dislocation density in the α-phase.  

One of the promising methods for restoring the working surfaces of various types of parts is 

surfacing with wear-resistant materials. During the surfacing of shaft-type parts, a layer with high 

wear resistance is formed on the surface[5]. 

However, considering that surfacing is performed on large surfaces made of high-alloy 

steels, which differ significantly in composition from the deposited layer, it is necessary to 

develop a special heat treatment technology to prevent the formation of significant residual 

stresses. 

The following technology for shaft restoration was proposed: machining to remove heat-

checking cracks, deposition of a soft intermediate layer using Sv-08 welding wire, followed by 

the deposition of a wear-resistant layer using PP-3Kh2V8F welding wire, and subsequent slow 

cooling[6]. 

RESEARCH METHODOLOGY 

The study was conducted using an experimental approach. Shaft specimens made of 

9Kh2MF steel were restored by surfacing with Sv-08 and 3Kh2V8F welding wires. Prior to 

surfacing, the specimens were preheated to 420°C, followed by isothermal holding at 550°C and 

controlled cooling. The deposited layers were examined using optical and electron microscopy, 

while hardness measurements were performed across the cross-section of the specimens. The 

obtained microstructural characteristics and hardness distribution were analyzed to evaluate the 

effectiveness of the proposed heat treatment and surfacing technology. 

RESULTS AND DISCUSSION 

Preliminary experiments showed that, in the absence of controlled preheating, when the 

shafts were heated with a gas burner prior to surfacing, cracks appeared on the shaft surfaces 

even after slow cooling in thermostatic chambers[7].  

  
 Fig. 1. Heat treatment scheme for shafts during surfacing 

Apparently, the main causes of crack formation are thermal stresses arising from heating the 

metal to its melting point and the non-simultaneous occurrence of structural transformations 

during the γ→α phase transformation. Therefore, to reduce these adverse effects, a preheating 

regime was developed in which the shafts were heated in a furnace before surfacing, followed by 

isothermal holding in the furnace and controlled cooling (Fig. 1)[8]. 
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Considering the large volume of surfacing work, after machining, a soft intermediate layer 

was first deposited on the shaft using low-cost Sv-08 steel. This promoted stress relaxation both 

during the deposition of the wear-resistant 3Kh2V8F steel layer and during the subsequent 

service life of the shafts. 

Isothermal holding was performed not only to slow the cooling process but also to eliminate 

unfavorable chain-like carbide precipitates along the grain boundaries (Fig. 2a). Such precipitates 

were observed only in the surface layer of the shaft that had been processed without isothermal 

holding[9]. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Microstructure of the surfaced roll (×4000) 

(a) Carbide precipitates in untreated rolls; (b) base metal at the interface with the 

intermediate layer; (c) intermediate layer of low-carbon steel; (d) wear-resistant layer. 

The wear-resistant layer was deposited onto the rolls using a 3.2 mm diameter welding wire 

on a KZh-9704 surfacing unit at a wire feed rate of 136 m/h. The arc voltage was maintained at 

32–34 V, and the welding current ranged from 340 to 360 A. The microstructure was examined 

on vertical specimens cut from the roll surface to the base metal[10]. 

Due to the differences in the steel grades used for the deposited layer and the roll material, 

particularly in the positions of their critical transformation temperatures, it was of interest to 

investigate the microstructure of the surfaced layers. For this purpose, both optical and electron 

microscopy were employed[11]. 

The results showed that preheating the roll to 420°C before depositing the first layers of Sv-

08 steel caused changes in the microstructure of the base metal within a layer 3–5 mm thick. 

While the base metal originally had a highly dispersed tempered sorbite structure, the thin surface 

layer contained coarse globular MC-type carbides, which could have precipitated directly from 

the molten metal (Fig. 2b).  

The fusion zone between Sv-08 steel and 9Kh2MF steel has no distinct boundary, and due to 

the mixing of metals with different carbon contents, the hardness decreases gradually (Fig. 

3)[12]. 

The microstructure of the intermediate layer consists of ferrite with small pearlite regions 

located near the grain boundaries (Fig. 2c). 
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It should be noted that cementite plates approximately 0.1 μm thick were observed in the 

base metal, although the rolls were tempered at 550°C after surfacing. Apparently, the holding 

time at this temperature was insufficient to ensure complete spheroidization of cementite[13].  

  

Fig. 3. Variation in shaft hardness after surfacing (h – distance from the surface). 

The microstructure of the deposited wear-resistant working layer of 3Kh2V8F steel consists 

of bainite with a characteristic orientation, emphasized by special MC- and M2C-type carbides 

(Fig. 2d). The carbides have predominantly square or rectangular shapes and, less frequently, 

rounded shapes. The relatively large size of the carbides (about 0.5 μm) suggests that they 

precipitated during the cooling of the deposited 3Kh2V8F steel[14]. 

The boundary between the deposited wear-resistant layer and the intermediate layer is 

clearly defined, and the hardness changes much more abruptly than at the transition from the 

intermediate layer to the base metal (Fig. 3). At a depth of 8–10 mm from the surface, the 

hardness is approximately HB 550–570. 

In our opinion, the causes of crack formation during roll surfacing are as follows. Initially, 

surfacing was carried out with preheating of the deposited surface using a gas burner to a shallow 

depth, while the core of the roll remained cold. Subsequent surfacing caused even greater 

localized heating of the surface (to a depth of no more than 20–30 mm) as the electrode moved. 

During cooling after surfacing, a non-uniform thermal stress field developed within the roll. 

Cracks are likely to form at this stage when the stress state changes from compressive to 

tensile.  

As the temperature of the roll surface decreases, structural transformations occur, 

accompanied by an increase in volume. As a result, the total stress level rises to a critical value. 

In addition, local concentrations of elastic energy develop within microvolumes of the metal 

where the grain boundaries are weakened by chains of carbide precipitates. When this localized 

elastic energy exceeds the energy required for crack initiation, and the overall stress level 

increases, fracture occurs [15]. 

Preheating the rolls in a furnace to 420°C reduces the thermal stress gradient, while 

subsequent isothermal holding at 550°C eliminates the possibility of martensitic transformation, 

since this temperature is above the Ms (martensite start) temperature. 

Cooling under an improperly selected regime may lead to martensitic transformation, which 

is accompanied by an increase in volume. Since the stability of austenite and the position of the 

Ms temperature differ between 3Kh2V8F and 9Kh2MF steels, the corresponding volumetric 

changes occur at different rates, which is consistent with the findings reported in.  
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The increase in the hardness of the working layer after surfacing from HB 300 to HB 550–

570, resulting from the formation of a bainitic microstructure containing chromium, tungsten, and 

vanadium carbides, promotes the refinement of austenitic grains and thereby improves the 

durability of the vertical rolls. The absence of cracks in the deposited layer indicates that the 

selected heat treatment regime is appropriate. 

CONCLUSIONS 

To prevent crack formation during the surfacing of 9Kh2MF steel rolls, the rolls should be 

preheated in a furnace to 420°C, and after surfacing, an isothermal holding treatment should be 

carried out at 550°C. 

As a result of surfacing, a wear-resistant layer 8–10 mm thick with a hardness exceeding HB 

550 is formed on the roll surface. This layer has a bainitic microstructure containing special 

carbides. 

The service life of rolls restored by surfacing exceeds that of conventionally heat-treated 

rolls by approximately 15%. 
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