
JMEPEG (1997) 6:73-76 �9 International 

The Influence of Deformation Heat Treatment on the 
Structure and Wear Resistance of CuZnPb Brass 

F.A. Sadykov, V.A. Valitov, and N.P. Barykin 

The influence of different deformation heat treatments on structure and wear resistance under dry slid- 
ing was studied under sliding velocity of 0.79 m/c, pressure of 0.2 to 1.0 N/mm 2, and sliding distance of 
1500 m. It was established that the deformation heat treatment led to the creation of a microcrystalline struc- 
ture (2 to 3 btm) by recrystallization in the alloy. The wear rate of the alloy with the microcrystalline structure 
was 1.5 to 2.0 times less and 25 to 30 % less than in the ~-phase state and the initial state, respectively. 
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1, Introduction 

AT PRESENT the problem of  obtaining a necessary structure to 
regulate physical, mechanical, and other properties is an impor- 
tant one. It is known that a fine-grained structure increases such 
properties as strength, hardness, and fracture toughness (Ref 
1,2). More recently there appeared data on the positive effect of 
the fine-grained structure on the increase of wear resistance of  
materials (Ref 3,4). 

One of  the ways for obtaining a fine-grained structure is de- 
formation heat treatment, based on a severe plastic deformation 
and subsequent annealing. In this connection, we studied the 
influence of deformation heat treatment on the forming of a mi- 
crocrystalline structure, hardness, and wear resistance of  
CuZnPb brass. 

2. Experimental Details 

Hot-rolled brass (Cu-39.4wt%-Zn-0.89wt% Pb) was used 
for the investigation. The deformation treatment was per- 
formed by one of following methods: compression, rolling, or 
forging. The compression of  the specimens was carded out by 
"Shenck" dynamometer under the following conditions: T = 
100 to 600 ~ E = 10 -3 to 10-4c-l,e = 75%. The rolling of the 
specimens was performed under the following conditions: T = 
250 ~ e = 75%. The forging (e = 75 to 80%) of  the specimens 
was carded out by using a press at 250 ~ After the above- 
mentioned treatments some of the specimens were annealed at 
250 to 300 ~ for 2 h. 

The specimens were tested for wear with dry friction using 
a disk-on-shoe test machine at room temperature (20 to 24 ~ 
in air accordingly to the method used in previous work (Ref 4) 
under the following conditions: sliding velocity, 0.79 m/c; 
pressure, 0.2 to 1.0 N/mm2; and sliding distance, 1500 m. The 
shoes were made of brass and were rough specimens. Optical 
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and scanning electron microscopies were used to study the 
structure and worn surfaces. 

3. Results and Discussion 

In the initial state, brass consists of  large ct- and 13-phase 
grains (25 to 40 I.tm) with lead precipitates in the grain bodies 
(Fig. la).  A dendrite structure can be seen, confirming that a 
bainite transformation occurred. The microhardness is 1.6 
kN/mm 2. The annealing at 600 ~ for 2 h leads to the disappear- 
ance of the dendrite structure and the coagulation of  t~- and 13- 
phases (Fig. lb). After that the microhardness decreases to 1.2 
kN/mm 2. The water cooling from 840 ~ leads to the formation 
of  a large-grained 13- phase structure (Fig. lc.). The microhard- 
ness is 1.0 kN/mm 2. 

The compression of  the specimens at various tempera- 
tures was performed for the determinat ion of  the necessary 
temperature condit ions for deformation heat treatment.  The 
curves of  "true stress/true strain" that were thus obtained are 
plot ted in Fig. 2. Analys is  of  the curves shows that there is 
hardening and softening at temperatures less and more than 
300 ~ respectively.  The softening of  the structure indi- 
cates the recovery and recrystal l izat ion in brass at such tem- 
peratures.  

The microstructure of  the specimens after compression is 
depicted in Fig. 3. As one can see, there is a considerable 
stretching at temperatures below 300 ~ (Fig. 3a). At tempera- 
tures above 300 ~ the stretching of the grains is smaller (Fig. 
3b). The recrystallization with the formation of  the microcrys- 
talline grains (3 to 4 ~tm) takes place at temperatures above 300 
~ However, recrystallization occurs in the regions near grain 
boundaries in most cases, which perhaps is caused by the diffi- 
culty of  diffusion in ~-  and [3-phases (Ref 5). Recrystallization 
by annealing at 300 ~ creates microcrystalline grains (2 to 3 
Ixm) in the whole volume of the alloy (Fig. 3c). The growth of 
the recrystallized grains of  both phases occurs after the anneal- 
ing at 600 ~ (Fig. 3d). Analogous behavior is observed after 
rolling as well as after forging. 

The microhardness data confirm recovery and recrystalliza- 
tion in the alloy (Fig. 4). The increase of the annealing tempera- 
ture of  the rolled specimens (curve 1) and the increase of the 
compression temperature (curve 2) decrease the level of  micro- 
hardness from 2.0 to 0.8 kN/mm 2. These decreases in the mi- 
crohardness of the specimens after rolling and compression at 
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Fig. 1 Microstructure of brass after treatment. (a) As-initial state. (b) After annealing at 600 ~ (c) After tempering at 840 ~ 
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Fig. 2 Curves of"true stress/true strain" at: (open square) 100 
~ (open triangle) 200 ~ (solid square) 300 ~ (solid trian- 
gle) 400 ~ (solid circle) 500~ and (• 600 ~ 

200 to 400 ~ result from not only the different velocity and 
methodology of the deformation but also, perhaps, the different 
contributions of dynamic and static recrystallizations. 

Investigation of the influence of deformation heat treatment 
on wear resistance of the alloy is very important. The depend- 
ence of wear intensity on pressure and kind of treatment is de- 
picted in Fig. 5. As shown, increase of pressure leads to 
increase of wear intensity proportionally at a pressure less than 
0.6 N/mm 2 . These results confirm the data of previous investi- 
gations (Ref 6,7). However, at pressures above 0.6 N/mm 2 the 
increase of wear intensity becomes much greater and goes out 
of the region of"miid" wear. In this case, the wear will be in the 
"adhesive" region of wear (Ref 8). Analysis of the curves in 

Fig. 5 indicates that the wear intensity in the 13-phase state is 
higher than that in other states for all ranges of a pressure. The 
wear intensity of the alloy with microcrystalline structure is 1.5 
to 2.0 times less and 25 to 30% less than in the 13-phase state and 
the initial state, respectively, at pressures more than 0.4 
N/mm 2. 

The study of worn surfaces and debris particles was per- 
formed in order to investigate the wear mechanisms at different 
states of the alloy. Brass transfer from the shoe to the disk, 
hardening of the surface layer, and delamination of the debris 
particles from the specimens were observed in the wear of the 
alloy in all structural states. This procedure was performed in 
accordance with that used in other investigations (Ref6-8). The 
shape of the particles is depicted in Fig. 6(a). As one can see, 
the dimensions of the particles vary from a few micrometers to 
2 to 3 mm, and the thickness varies from a part of a micrometer 
to some tens of micrometers. The edge of one particle is de- 
picted in Fig. 6(b). The micrograph of the debris particle from 
a delamination surface is depicted in Fig. 6(c). Analysis of 
these micrographs confirms that delamination is the main 
mechanism of wear of the alloy. 

4. Conclusions 

It has been established that deformation heat treatment leads 
to the formation of a microcrystalline structure (2 to 3 lam) by 
recrystallization in brass CuZnPb. The wear of brass with the 
microcrystalline structure is 1.5 to 2.0 times and 25 to 30% less 
than in the l-phase and initial large-grained states, respec- 
tively. 
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Fig. 3 Microstructure of brass after compression at: (a) 250 ~ (b) 350 ~ (c) 250 ~ followed by annealing at 300 ~ (d) 250 ~ fol- 
lowed by annealing at 600 ~ 
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Fig. 4 Dependence of microhardness on temperature of: (open 
triangle) compression, (open square) annealing 

Fig. 5 Dependence of wear intensity on pressure in: (open 
square) initial state; (open triangle) 13-phase state; (x) microcrys- 
talline state 
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Fig. 6 Morphology of the debris particles. (a) Common view. (b) View of the edge of the particle. (c) View from the delamination surface 
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