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It is shown that redistribution of elements in the surface layer proceeds depending on a type of the stable diagram ("based" 
element-alloyed element) if treatment by high power pulsed ion beam takes place under the melting condition, when irradiation 
has been conducted at low values of ion current density (j<60 A cm'2). Here the impurity having a coefficient of distribution (ki) 
lesser 1 is supplanted by the solidified front to the surface but if ki>1 than the element is concentrated in the zone between 
matrix and solidified alloy. This mechanism and else a mechanism of intense evaporation of volatile components proceed during 
irradiation at higher values of j. At j>120-140 A cm'2 the chemical composition of the surface changes "from point to point” to a 
great extent due to crater formation.

I. Introduction
It is well known [1-3] that redistribution of elements 
in the surface layer of multicomponent 
heterogeneous alloys irradiated by concentration 
pulsed energetical fluxes (CPEF) has not to be 
circuit-scribed by the equations of equilibrium 
thermodynamics. It was established that there are 
the following mechanisms of material transport in 
near surface areas during irradiation by CPEF: 
enhanced convection, mixing, irradiated-enhanced 
diffusion and surface segregation, "blasting" 
mechanism etc. The objective of the present 
research is the investigation of irradiating conditions 
effect (ions of C+ and H+, E=300 keV, j=40-200 
A cm'2, n=1-100 pulses, x=50 ns) on the chemical 
composition of the surface layer of samples 
manufactured from multicomponent materials 
(EP866sh, EP718ID, VT6, VT9, and VT25U).

II. Experimental
The samples were manufactured by 

mechanical treatment from rods of the following 
refractory alloys: VT6 (Ti-6AI-4V), VT9 (ТІ-7АІ- 
3.8Mo-0.2Fe-2.5Zr-0.3Si), VT25U (Ti-7AI-2.5Mo- 
15W-0.2Fe-2.5Zr-0.25Si), EP866sh (Fe-2.1Ni- 
16.5CM 6Mo-1W-0.3Nb-5.5Co-0.6Si and
EP718 ID (Ni-33Fe-2.4Ti-16Cr-1.4AI-5.2Mo-3.5W- 
1.5Nb-0.6Mn-0.3Si). The irradiation of these targets 
(14x7x3 mm3) have been carried out using the 
TEMP accelerator by ions of carbon (70%) and 
protons [4] under the following conditions: ion 
energy - 300 keV (E); pulse duration - 50 ns (x); and 
the ion current density in a pulse (j) and as well as 
the number of pulses (n) were varied from 
j=40 A cm'2 , n=1 up to j=180 A cm'2 , n=100. After 
the irradiation some targets were investigated by 
Auger electron spectroscopy (AES) and scanning 
electron microscopy (SEM). The registration of 
Auger-spectra have been carried out with the use of 
(1x1 mm2) - scanning regime during the analysis of 
a surface without craters. The study of the element 
composition within craters have been fulfilled in the 
point with continues ion sputtering of the surface.

The diameter of the electron sound was equal to 
5 pm. The average concentration profiles were 
obtained using Auger-spectra fixed with the surface 
of 5-7 samples.

III. Results and discussion
Some results of this investigation are presented in 
Fig. 1-3. It seems that the redistribution of elements 
in the surface layer at low values of the ion current 
density is similar the redistribution observed during 
direct crystallization of multicomponent alloys. For 
example, Al (VT25U alloy) and Cr (EP718 ID alloy) 
are transported to the surface. Comparison of the 
experimental results fixed at j=60-80 A cm2 with the 
stable diagrams of "Ti-alloyed element", "Ni-alloyed 
element", and "Fe-alloyed element" systems allows 
to conclude the following:
i. an impurity having the coefficient of distribution 

(к,) lesser.1 is supplanted by the solidified front 
to the surface;

ii. if ki>1 than the alloyed element concentrates in 
the zone between matrix and solidified alloy.

The latter is illustrated in Table 1, where the data 
are presented for titanium, nickel, and iron alloys 
studied in the present research. The element 
redistribution in the surface layer with 1-2 pm- 
thickness during crystallization of the melted 
material irradiated by HPPIB at low values of the ion 
current density in a pulse (the condition of melting) 
leads to the concentration of strengthening 
elements near the surface. That can help to explain 
the improvement of refractory alloys service 
properties [5,6] as a result of HPPIB treatment as 
well as due to surface smoothing which proceeds in 
this case (Fig.3, a). The redistribution of elements at 
j=20-80 A cm2 has to be expressed by the direct 
crystallization equation:

C(x) = ■ff
I  -  X

I X

^C0(T)LiT- jC (X)dx 
.0 0

(1)

in which C(x) is the concentration of the alloyed 
element, x is a co-ordinate, I is thickness of the

3-я международная конференция «Взаимодействие излучений с твердым телом» 6-8 октября 1999 г. Минск Беларусь
3-d InternationalConference Inleraclion of Radiation with Solids» October 6-8 1999 Minsk Belarus

This document has been 
edited with Infix PDF Editor 
- free for non-commercial use.

To remove this notice, visit: 
www.iceni.com/unlock.htm

http://www.iceni.com/unlock.htm


113

Table 1. Redistribution of elements In the surface Iayerof refractory alloys during HPPIB treatment under the condition of
melting.

Alloy Elements Surface ki Zone between matrix and 
solidified alloy

ki

VT6, VT9 Ti, Al, Zr, Mo Al, C <1 Mo, O >1
VT25U Fe, Al, Mo, W, Ti Al, C <1 W1 Mo, O >1

EP718ID 
EP866sh

Ni, Fe, Al, Ti, Mo, W Al, Ti, C <1 Mo, W, O >1

melted layer,, and keff is the effective coefficient of 
distribution. Because we have high speed 
crystallization (v~107 0K s"1) kefr can be determined by 
using the Berton-Prim-Slihter theory [7]:

i k ik eff = ----------------------- ---------------------- (2)
} к, + (\ -  kj) exp(-vSc /  D)

where k, is the equilibrium coefficient of distribution, 
8C is thickness of the diffusion frontier layer, and D is 
a coefficient of diffusion.
The irradiation of the samples at higher values of the 
ion current density leads to intense evaporation of 
volatile components (Al and Cr). In that case 
concentrations of these elements will be decreased 
under to a small value as it is shown in Fig.1, c and 
2, c. This value has to be determined if to decide the 
equations (1,2) and equation of evaporation (3) 
jointly:

ASP
Vfv ~  p IlnRTM  (3)

where A is atomic mass, p is density of evaporating 
element, T is temperature, M is molecular mass of 
volatile substance, and 5P is a "resaturation" of the 
gas phase for evaporating element.
Eventually, if j>120-140 Acm'2 than the intense 
heterogeneous and nonsteady blasting of the surface 
material forming microdrops and plasma clusters 
take place. Crater formation is the main mechanism 
of material ablation. In that case the chemical 
composition of the surface changes from point to 
point to a great extent and the experimental results 
can not be summarized (Fig.3.b). Unfortunately, 
theoretical models of crater formation were not 
developed and it is impossible to determine the 
concentrations of elements by modelling. IV.

IV. Conclusion
The major conclusions from this study can be 
summarized as follows:
It is shown that the redistribution of elements in the 
surface layer proceeds depending on a type of stable 
diagram ("based" element-alloyed element) if the 
treatment takes place under the melting condition, 
when the irradiation has been conducted at low 
values of the ion current density (j<60 A cm'2). Here 
the impurity having the coefficient of distribution (k0) 
lesser 1 is supplanted by the solidified front to the 
surface but if ko>1 then the element is concentrated 
in the zone between matrix and solidified alloy. This 
mechanism and else the mechanism of intense 
evaporation of volatile components proceed during 
the irradiation higher values of j. Eventually, at 
j>120-140 A cm'2 the intense heterogeneous and 
nonsteady blasting of the surface material forming

microdrops and plasma clusters take place. Crater 
formation is the basic of this mechanism. In that case 
the chemical composition of the surface changes 
from point to point to a great extent.

Figure 1. Surface layer concentration profiles of elements 
(VT25U alloy samples): a-initial state; b-after HPPIB 
treatment (E=300 keV, j=60 A cm'2 , n=20 pulses, t=50 ns); 
c-after HPPlB treatment (E=300 keV, j=120 A cm'2 , n=10 
pulses, x=50 ns).
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Figure 2. Surface layer concentration profiles of elements 
(EP718ID alloy samples): a-initial state; b-after HPPIB 
treatment (E=300 keV, j=80 A cm'2 , n=5 pulses, t=50 ns); 
c-after HPPIB treatment (E=300 keV, j=140 A cm'2 , n=5 
pulses, i=50 ns).
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Figure 3. SEM micrographs of the VT25U alloy samples 
surface treated by HPPIB: a- E=300 keV, j=60 A cm'2 , n=20 
pulses, i=  50 ns; b- (E=300 keV, j=120 A cm'2 , n=10 
pulses, i=50 ns).
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It is shown that redistribution of elements in the surface layer proceeds depending on a type of the stable diagram ("based" 
element-alloyed element) if treatment by high power pulsed ion beam takes place under the melting condition, when irradiation 
has been conducted at low values of ion current density (j<60 A cm'2). This mechanism and else a mechanism of intense 
evaporation of volatile components proceed during irradiation at higher values of j. At j>120-140 A cm'2 the chemical 
composition of the surface changes "from point to point" to a great extent due to crater formation.
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