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Microadditions of magnesium to beryl l ium bronzes  increase  the res i s tance  to microplas t ic  deforma-  
tion [1, 2]. However, the mechanism of the effect is unclear .  We investigated the mechanism of this ef -  
fect  by the internal fr ict ion method. 

The following alloys (see Table 1) were investigated: bronze BNT1.9 of s tandard composition; BNT- 
1.9Mg, additionally al loyed with sur face-ac t ive  magnesium; and BNT1.9MgF, additionally alloyed with 
sur face-ac t ive  magnesium and inactive phosphorus,  which, due to the buffer effect, may re inforce  the s u r -  
face activity of magnesium, as has been suggested. 

We investigated the amplitude-dependent and amplitude-independent internal fr ict ion (background). 

The internal fr ict ion was measured  with a relaxation osci l la tor  based on the principle of a torsional  
oscil lat ion machine with a frequency of vibrat ions of 1 Hz. 

The tes ts  were made on band samples 50 x 2 • 0.3 mm. Measurements  at elevated t empera tu res  
were made in vacuum. The amplitude dependence of internal fr ict ion was measu red  on quenched alloys and 
also af ter  aging at 340~ for  1-4 h. Aging of the samples  for  measuremen t s  of the amplitude dependence 
of internal fr ict ion was conducted in a labora tory  furnace.  The internal fr ict ion was measured  with a r e -  
laxation osci l la tor  at room tempera ture ,  while the background of internal fr ict ion was measured  in the p ro -  
cess  of aging (directly in the relaxation oscil lator)  at 340~ F rom the amplitude dependences we de te r -  
mined the basic p a r a m e t e r s  of the amplitude-dependent internal fr ict ion - the cr i t ical  s t r e s s  ~-cr at which 
internal fr ict ion begins to increase  and the tangent of the slope of the amplitude dependent branch of in ter -  
nal fr ict ion tan 0. 

Figure  1 shows the change of the amplitude dependence for  the quenched alloys. The background of 
internal fr ict ion was lowest for alloy BNT1.9MgF. This can be explained by the low mobility of point de- 
fects fixed by quenching, since the energy of the bonds between vacancies  and atoms of magnesium and 
phosphorus is highest. P rev ious  measu remen t s  of the bonding energy of a toms with vacancies  gave the fo l -  
lowing values: E v = 0.2 eV for beryl l ium atoms,  E v = 0.45 eV for  magnesium, Ev = 0 .30eVforphosphorus .  
The effect of the increase  in the bonding energy of vacancies  with atoms of magnesium and phosphorus is 
predominant  despite the large  concentrat ion of quenching vacancies  in the bronze.  In the alloy with m a g -  
nesium and phosphorus no ampli tude-dependence of internal fr ict ion in the quenched condition was noted 
(at amplitudes up to e = 4.5" 104) due to intensive pinning of dislocations by magnesium and phosphorus 
atoms.  

TABLE 1 

~I Composition, wt. % 

I B'NTL9 1,96 0.29 
2 IBNT1.9Mg 3 ,,95 0,29 {~,~3~0,1210,03 
I 
BNT1.gMgF 1,95 0.29 0.1Sl0.1 ~ - 

F r o m  bronze BNT1.9Mg the background of internal fr ict ion 
is higher than for  the bronze without magnesium, although the 
bonding energy of vacancies  with magnesium atoms is l a rge r  than 
with beryl l ium atoms.  This indicates that in the quenched bronze 
containing magnesium the vacancy concentrat ion is high as c o m -  
pared  with the bronze without magnesium. However, their  mo-  
bility is smal le r  than in the bronze without magnesium but l a rge r  
than in the bronze with magnesium and phosphorus.  The cr i t ica l  
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Fig. 1. Amplitude dependences 
of internal f r ic t ion for  quenched 
samples  of beryl l ium bronzes  1 
(a), 2 (b), and 3 (c) (see Table 1). 

s t r e s s  at which internal fr ict ion begins to increase  due to the  loss  of dislocat ions in bending and the rate of 
the p roces s  during fur ther  increase  of the amplitude are smal le r  for  the bronze  al loyed with magnes ium.  
Thus, a toms of magnes ium exhibit surface activity where s t ruc tura l  defects are  grouped. 

During subsequent aging of bronze BNT1.9 at 340~ there is an increase  of the cr i t ica l  s t r e s s  (am- 
plitude) at which amplitude dependence of the internal fr ict ion begins, the rate  of increase ,  de t e rmined  f rom 
the value of tan 0, decreas ing  (Fig. 2). The cr i t ical  s t r e s s  ~-cr r eaches  the highest value (5.6 kg/mm2),  
while tan 0 is minimal (0.21) af ter  aging for  3 h, when the elast ic  l imit  also reaches  its highest value (Fig. 
3). Thus, a cer ta in  corre la t ion  is noted between the p a r a m e t e r s  cha rac te r i z ing  the ra te  of r evers ib le  in- 
elast ic  effects and the res i s tance  to small  plastic deformations.  This is confi rmat ion of the fact  that in 
both cases  the mobility of dislocations is of basic importance.  Also, aging sharply reduces  the level of 
the background, which indicates a reduction of the mobility of point defects and their  concentrat ions .  

In bronzes  microa l loyed  with magnes ium or magnesium and phosphorus no cor respondence  is ob-  
se rved  between the inelastic p roper t i e s  of the al loys and the res is tance  to microplas t ic  deformation,  a l -  
though a fa i r ly  good cor re la t ion  is observed  between the general  c h a r a c t e r  of the changes in the cr i t ica l  
amplitude and the rate  of increase  of the internal fr ict ion with increas ing amplitude. In cont ras t  to the 
bronze of s tandard composition, af ter  aging of heats 2 and 3 for t h (see Table 1) at340~ cr i t ica l  s t r e s s  
Tcr inc reases  and then decreases ,  and after  holding for a longer  t ime it inc reases  again (Fig. 4). The 
value of ~cr has still not reached a peak af ter  aging for  4 h. The value of tan 0 changes in the same man-  
ner .  The value of  tan 0 is low after  aging (especially BNT1.9Mg) and tends to decrease  fur ther ,  and t he r e -  
fore  it can be cons idered  that with aging for  more  than 4 h the value of tan 0 will be still lower and the va l -  
ues  of the cr i t ica l  amplitude higher.  

The lower values of Tcr and higher values of tan 0 for  microa l loyed  bronzes  af ter  aging at 340~ for  
2 h match the change in the background of internal fr ict ion measured  at 20~ and direct ly at the aging t em-  
pera ture  of 340~ Thus, as the resul t  of aging at 340~ for  2 h the a toms of magnes ium or  magnes ium and 
phosphorus t r ans fe r  to the phase being fo rmed  and therefore  dislocations and vacancies  acquire  revers ib le  
mobility,  which leads to an increase  in the level of the background (Fig. 5). 
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Fig. 2. P a r a m e t e r s  of internal fr ict ion as a function of aging t ime 
at 340~ for heat 1. 

Fig. 3. Effect of aging t ime at 340~ on the proper t ies  of beryl l ium 
bronzes.  The heat numbers  (see Table 1) are  given on the curves .  
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Fig. 4. P a r a m e t e r s  of internal  fr ict ion of b ronzes  2 (solid lines) 
and 3 (dashed lines) in re la t ion  to aging t ime at 340~ 

Fig. 5. Background of internal  f r ic t ion of be ry l l ium bronzes  1 (a), 
2 (b), and 3 (c) in re la t ion  to aging t ime at 340~ Measured  at 
340~ 

In the p r e sence  of magnes ium some metas t ab le  p rec ip i t a t e s  of excess  phase  evidently change into 
o thers ,  while in s tandard  bronze  the change f r o m  l e s s  s table  to m o r e  stable p rec ip i t a t e s  occurs  cont inuous-  
ly or  these p rec ip i t a t e s  a r e  f o r m e d  s imul taneous ly  but in different  m i c r o v o l u m e s  of the c r y s t a l s  due to the 
l a rge  he terogenei ty  of decomposi t ion in this alloy. However,  these  changes in the p r o c e s s  of decompos i -  
tion do not affect  the genera t ion of dis locat ions  during loading or the reac t ions  inducing the i r  i r r e v e r s i b l e  
movement ,  since the e las t ic  l imi t s  of all the b ronzes  a r e  higher  a f te r  aging at 340~ for  2 h than a f t e r  ag-  
ing for  1 h (Fig. 3). 

CONCLUSIONS 

I. Microalloying of beryllium bronze with magnesium and phosphorus changes the character of the 
amplitude dependences of internal friction in the quenched condition, which is due to a difference in the con- 
centrations and mobility of point defects, depending on the energy of the bond with impurity atoms. 

2. For beryllium bronze of the BNTI.9 type there is a correlation between the changes in the basic 
parameters of internal friction characterizing the increase of resistance to movements of structural de- 
fects and the e las t ic  l imit .  

3. F o r  be ry l l ium bronzes  mic roa l l oyed  with magnes ium or  with magnes ium and phosphorus  there  
is no co r re l a t ion  between the changes  in the p a r a m e t e r s  of internal  f r ic t ion and the e las t ic  l imit .  Mic ro -  
al loying has  a s t ronge r  effect  in the ea r ly  s tages  of aging than in the l a t e r  s tages ,  since the pinning of 
s t ruc tu ra l  defects  is  cons iderab ly  l a r g e r  than in s tandard  bronze .  

4. Two s tages  were  noted in the p r o c e s s  of hardening of be ry l l ium bronzes  mic roa l loyed  with m a g -  
nes ium and with magnes ium and phosphorus .  These s tages  in the inc rease  of the r e v e r s i b l e  mobil i ty  of 
s t ruc tu ra l  defects  a re  dis t inguishable a f t e r  aging at 340~ for  2 h. 
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