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Fig. 4. Scale res is tance  
of 12Khl8N9T-TiB 2 
alloys. 

alloys were  weighed before and after  annealing at 550 ° for 100 h. As follows from Fig. 4, small  additions of 
titanium diboride [in solid solution, according to the phase diagram (see Fig. 1)] sharply increase  the scale 
res is tance  of the al loys,  in agreement  with the l i terature data [4]. As the concentration of titanium diboride in 
the alloy is increased  it precipi tates in the form of eutectic colonies,  which leads to an increase  in the length 
of intcrphase boundaries and lowers the scale resistance.  Eutectic alloy 12Kh18N9T-TiB 2 (13 wt. % Ti]32) has 
a lower scale res is tance  than the alloy with 1-2 wt. % TiB2, although it is three times higher than that of cast  
steel 12Khl8N9T. 

Thus,  eutectic alloys F e - T i B  2 and 12KhlSN9T-TiB 2 in the cas t  condition have a high strength at room 
and elevated tempera tures  (up to 1000 °) and high wear  res is tance  under dry friction conditions. 

Eutectic alloy 12Kh18N9T - T i B  2 has relatively high cor ros ion  res is tance  and good scale  res is tance at 
tempera tures  up to 550 ° . 

Machine parts  can be manufactured from these alloys by means of casting• 
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3. 
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E L E C T R O L Y T I C  C O A T I N G S  ON A C O U S T I C  

OF H I G H - S T R E N G T H  C A S T  I R O N S  

K l i m o v  UDC 621.8•034.4:669.13 

One method of preventing noise and vibration is to extinguish harmful vibrations by means of the high 
vibrat ion-absorbing capacity of the mater ia l  and coatings on the material .  In most cases  this is the most 
economical method, and in some cases  the only possible method [1]. 

This work concerns the effect of s ingle- layer  and mult i tayer electrolytic coatings on acoustic radiation, 
i.e., the level of acoustic p re s su re ,  the damping time, and the damping coefficient of acoustic vibrations of 
high-strength cast  irons. The method of investigation and the recording devices were described in [2]. 

High-strength cast  irons with f e r r i t e - p e a r t i t e  and pear i i te  s t ruc tures  were used. High-strength cast  
iron combines several  valuable proper t ies  of steel and ordinary gray cas t  iron, and thus is useful as a special 
s t ructural  material• However, high-strength cast  iron does not have the high damping capacity charac ter i s t ic  
of gray cast  iron. To improve this property it is necessary  to reduce the acoustic radiation of high-strength 
cast  iron to that of gray cas t  iron. 

Trans la ted  from Metaliovedenie i Termicheskaya  Obrabotka Metaliov, No. 8, pp. 55-58, August, 1977. 
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Fig. i Fig. 2 

Fig. 1. Distribution of acoustic energy by frequency ranges in high- 
strength cast iron struck with a bali. 1) Pearlitc structure; 2) ferr i te-  
pearlite structure; 3) ferrite structure. 

Fig. 2. Effectiveness in reducing acoustic pressure (AL) of single-layer 
(a) and multilayer (b) electrolytic coatings on one side. 1) Copper; 2) 
chromium; 3) nickel; 4) zinc; 5) copper-zinc, both sides; 6) copper-zinc, 
one side; 7) copper-nickel, both sides; 8) copper-nickel, one side. 

Pre l iminary  studies of the distribution of thc acoustic energy of an impact by frequencies in high-strength 
cast  iron with f e r r i t c - p e a r l i t e , p e a r l i t e ,  and fe r t i l e  s t ructures  showed (]rig. 1) that the total acoustic p ressu re  
is affected mainly by the high-frequency component of the spect rum,  since the ovcrall  level in the low- and 
mcdium-frequency ranges differs from the high-frequency range by 40-50 dB. 

In the high-frequency range the quantity of acoustic energy radiated is highest at frequencies of 8 and 16 
kHz. Thus,  the noise result ing from the collision of cast  irons with spheroidal graphite is pr imar i ly  h igh- f re -  
quency noise, which c rea tes  far  worse  working conditions than low- and medium-frequency noise. 

Electrolytic coatings of copper,  zinc, nickel, and chromium,  which a re  most  widely used in industry, 
were  tested. 

The electrolytic coatings were  applied to the samples under conditions givcn in Table 1. The thickness 
of the coatings was determined by the j e t - v o l u m e  method (GOST 16875-71) at seven points along the diagonal 
of the sample. 

Single- layer  and mult i layer electrolytic coatings reduce the radiation of acoustic energy to a certain 
level, above which the effectiveness of reducing the level of acoustic p re s su re  is negligible (Table 2). 

With increasing hardness  of s ingle- ' ,ayer  electrolytic coatings the range of their  cffcct on the reduction 
of thc acoustic p r e s s u r e  in the frequency spec t rum broadens. Copper and zinc coatings reduce the acoustic 
p r e s s u r e  only in frequency bands of 18 and 8 kHz, and nickel coatings in frequency bands of 16, 8, 4, and 2 
ld-Iz. Chromium coatings,  with high strength and large internal s t r e s ses ,  lower the acoustic p r e s s u r e  in f rc -  
quency bands 16, 8, 4, and 2 tdtz and 6.3 and 31.5 Hz. 

A s ing le - layer  coating on one side with a thickness over 12-15 p is the most  effcctive, since the overall  
level of thc acoustic p r e s s u r e  dcereascs  by 12-14 d.B. A copper  coating on one side is the most economical,  
reducing thc acoustic p r e s su re  14 d:B with a relatively small  thickness of the coating - 11-13 p. 

Copper is also more  effective in reducing the damping time, lowering thc damping time by a factor  of 
four with a thickness of 21 ~. Zinc coatings with a thickness of 40 p have the same effect. Chromium coatings 
with a thickness of 19-25 p reduce the damping t ime almost  thrce times (from 0.17 to 0.25 see). 

The damping coefficient of acoustic vibrations increases  sharply with the thickness of the coating and 
reaches values of 10.4-13.0, which is five t imes the damping coefficient of uncoated samples.  The increase  of 
the damping coefficient of acoustic vibrations reduces the duration of the noise. 
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T A B L E  i 

Coating 

Copper 

Component 

so~bm ,ama~ 

t ona l1 . ,  

g/liter 

35--45 
12--18 
10--15 
18--24 
18--24 

0,3 

Currerlt 

density, Voltage, 
A/dm 

1--2 3,0 

Temp., 
°C 

50-55 

Zinc 

Nickel 

Chromium 

S~Lum cr,~¢ 
~ 1 ~  hydlox~ 
Zinc ~b~e  

N kl~ 1 ~1t11¢ 

: °4 -~u I ~ e d l o l  

s:~.,Ica¢~ 

100--120 
80--100 ~:~0 

250-350 
10-15 

7! ° 

250--300 
2,5 -3,0 

2 -4  

2 -3  

o 3 0 - ~  

10--12 

. 

4 - - 6  

12,0 

18--30 

50--55 

45-50 

T A B L E  2 

rype of 
:oating 

On one 

side 

t~t3 

~n o n e  

side 

Name of 31 5 

:s 

Copper 

Zinc 

Level of acoustic pressure, dB 
in freq. bands, Hz 

1251 250 50o 10~ 2000,400t 3000 16000 

116 ~ ~ ~ 86 87 67 57 ~ 115 107 

114 68 63 67 8,5 8,3 69 6I 65 11.5 107 

17,0 5 F 5 7 % - % - T F % - S T W - ~ - 5 ~  1 , ,  

a o ~  ~N > 
0,29 ] 9,7~ 
o-~ 1,8{i 

0,35 6,&'3 
0,85 2,05 

Nickel 

Chromium 

3opper- zinc 

12o 77 85 74 8o 84 67 55 63 12o 

2°,51 87 Ivl- - 1841-071 ,v I ,w i I 
19,0 II3165 84 89 87191 ,11 

29,0 - - - - ( - - - -  i 

118 83 I 98 83 ] 86 97 74 69 64 6 

112 0,275 9,90 
120 0,95 1,86 

105 0,25 10,87 

117 0,71 3,97 

105 0,475 6,2 
119 0,88 2,05 

II0 0,22 4,5 

1 2 0  0,995 1,86 

~-  I . I 109[ 75 1 881 751 81 ! 841 09 ! ,~1 1 77 1 108L i,~, 0,30 
on both / C°pper-z'nc 29'°I-  I- -[ -/VlWiVlVi t I I .,o 2,05 

~i(es [ I 1117l 671 851741771821871571~3 ]115] 1~ 0,315[ 7,77 

Note. Numerators refer to coaied samples,'deffominatbrs to uh¢ohted sail]pies; 

T w o - l a y e r  c o p p e r - z i n c  coatings on one s ide  and both s ides  are  m o r e  ef fect ive  than s i n g l e - l a y e r  coatings 
on one s ide.  With an overa l l  coat ing thickness  of 29 p the acoust ic  p r e s s u r e  d e c r e a s e s  16-17  dB, amounting to 
109-111 dB. 

The  substantial  i n c r e a s e  in the damping of acoust ic  v ibrat ions  of sample s  with e lectro lyt ic  coat ings is 
duc to energy scat ter ing  in the e lectrolyt ic  coat ing itself .  Damping of acoust ic  v ibrat ions  is induced by the loss  
of the energy of v ibrat ion in the in ter layer  between the base  metal  and the coat ing and by the effect of "satura-  
tion" of the e loctro lyt ic  coat ing with hydrogen,  and a l so  l o s s e s  due to the nature of the e lectro lyt ic  coating.  

With application of t w o - l a y e r  and mul t i laycr  coat ings  the coating retains  its pr imary  ability (in the p r e -  
cathodic layer) to c r y s t a l l i z e  with high internal s t r e s s e s .  There fore ,  the internal  l o s s e s  of C u - Z n  and C u - N i  
coat ings  on one s ide  and two s ides  match the total internal l o s s e s  in t w o - l a y e r  and mult i layer  coat ings .  C o n s e -  
quently,  t w o - l a y e r  and mult i layer  coat ings  reduce acoust ic  radiation m o r e  ef fect ively .  

The  reduction of the acoust ic  p r e s s u r e  (AL) in relat ion to the change in the loss  factor of plates  with an 
e lectro lyt ic  coat ing can be determined  from the formula 

,~L= 101g+  K (dB), 
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where  ~ and ~?' a re  the loss factors  of samples with and without coat ings,  respectively;  K is a correc t ion  factor  
taking into account the thickness of the electrolytic coating. 

Figure  2 shows the reduction of acoustic p r e s s u r e  in relation to the type and thickness of s ingle- layer  
and mult i layer  electrolyt ic  coatings. 

CONCLUSIONS 

Electrolyt ic  coatings can be used as acoustic absorbers  at t empera tures  up to 400°C. Reduction of the 
power of the radiated sound with simultaneous reduction of the radiation t ime substantially reduces the h a r m -  
ful effect of noise. 
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E F F E C T  O F  P R O L O N G E D  O X I D A T I O N  ON T H E  M E C H A N I C A L  

P R O P E R T I E S  OF  T I T A N I U M  A L L O Y S  A T 3  A N D  A T 6  

I .  I .  K o r n i l o v , *  N. G.  B o r i s k i n a ,  
a n d  E. M. K e n i n a  

UDC 669.094.3:669.295 

Oxidation at 500-800°C increases  the co r ros ion  res is tance  of titanium and titanium alloys AT3 and AT6 
in several  co r ros ive  substances [1-3J. 

We investigated the effect of prolonged annealing in a i r  (25-500 h) at 600, 700, and 800 ° on the mechanical 
proper t ies  of a i l o y s A T 3 a n d A T 6 .  Li tera ture  data r c fe r  only t o V T 1 - 0  [4J and alloys VT14, VT3-1, andVT8 
oxidized at 800 ° for 0.5 h [5]. 

Samples were  cut from extruded bars  of alloys AT3 and AT6 as - rece ived ;  the chemical  composit ion is 
given in Table 1. 

Samples 5 mm in diameter and 30 mm long werc  tested in the IM4R machine at a pull rate of 1.5 r a m /  
min. The notch toughness was tested on standard samples in the KN-30 machine. Three  samples were  tested 
at room tcmpera ture  for each point .  

The samples  were  oxidized in t h e p r o c c s s  of heating in a i r  at  600, 700, and 800 ° for 25, 50, 100, 250, 
and 500 h (at each temperature) .  

l 'xamination of the mic ros t ruc tu re  showed that in the original condition the alloys have a lameliar  c~ + [3 
s t ruc ture ,  with c o a r s e r  grains in AT3 than in AT6. The amount of [3 phase was small  in both cases ,  but larger  

*Deceased. 

TABLE 1 

Alloy 
q AI 

Composition,~, 

F¢ Cr SI I C 

AT3 . . . . . . . . . . . . . . . . . . .  : 2,7 0,20 0,~8 ] 0,24 p 0,02 0,16 p 0,03 [ AT6 . . . . . . . . . . . . . . . . . . .  5,1 0,28 0,33 0/29 0,03 0,08 0,02 0,005 0,007 
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