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M ICROHARDNESS AND SMALL-ANG LE X-RAY SCATTERING STUDY 
OF AN Al - 1 6  wt . %  Ag ALLOY QUENCHED FROM THE LIQUID STATE 

K • Kron jc and M. Stubi car 
Institute of Physics of the University of Zagreb, Yugoslavia 

I ntroduction-----
The purpose of this study was to examine the behaviour of mlcrohardness and the 

growth of G uinier Preston zones during isochronal annealing of an Al -1 6 wt . %  

Ag (4.•5 at . %  Ag) al loy quenched both from the solid and from the l iquid state . 

The behaviour of specimens quenched from the sol id state (SQ-specimens) is known 

from previous works . According to K6ster et al . (1 ) ,  there are two stages of 

. hardening ,  a cold �nd a warm one . The isochronal microhardness curves constructed 

from the isothermal curves have shown the cold and the warm hardening stages 

c learly separated from each other .  Much work has been needed to understand the 

relaHonship between the age hardening and the structure of the al loy (2 , 3 ,4) . 

The cold hardening has been attributed to the growth of G P  zones which are present 

immediate ly after quenching . The warm hardening is be l ieved to be caused by the 
I 

growth of p late lets of the metastable Tphase unti I coherency with the matrix is lost 

and the material starts to soften .  

The size of zones immediote ly after quenching is the higher ., the lower the cool ing

rate becomes (2) .  Therefore o difference between the properties of SQ and LO 

(liquid quenched) specimens was to be expected . The advantage of studying the 

behaviour of specimens in the course of isochronal annealing Is twofold: first, ' 

measurements can be carried out throughout the whole temperature range on one 

single specimen,  and secondly, the first information on the difference In behaviour 

of differently quenched specimens can be obtained within comparative ly short time . 

The 1:mnealing time app l ied in our experiments was one hour . 

Experimental procedure

The quenching from the l iquid state was perfomed by the splat two-piston technique . 

The Vickers microhardness was measured on e lectropol ished surfaces of the SQ 
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specimens and on the untreated surfaces of the LQ specimens . A 30 ponds load was 

app l ied t� spec imens exceeding 20 F° in thickness, and a load of 1 0  ponds to

thinner  specimens . In order to obtain the average value of microhardness, twenty 

indentations were made . 

The zone sizes were measured by the smal l -ang le X-ray scattering technique . The 

scattering was reg istered by means of photographic fi lms .  Because of the sma l l  size 

of the splat cooled specimehs a K lesslg camera with a p inhole col l imated beam was 

app l ied . Because of the low intensity of scattering of some samples, a smal l  specimen­

-to-fi lm distance (10 cm) was chosen .  Scattering angles of less than 40' were 

i naccessible to measurements . Fi l tered cobalt radiation was appl ied to ensure a better 

reso lution of the camera . The characteristic diffraction rings which decrease in the 

p rocess of ageing were not resolved after anneal ing· at higher temperatures . The 

zone sizes were measured by app lying the Guinier approximation to the outer part 

of the di ffraction rings or to the tal l  of the scattering curves where the tal l  alone 

was accessible for interpretatton . Due to the unfavourab le experimental conditions 

the values of the zone sizes are only approximative . 

Experimental results 

F ig . 1 (a) shows the isochronal curves of mlcrohordness of four SQ specimens . 

The curves indicate the cold and wann hardening stages and ore simi lar to those 

reported by K!Sster (1 ) ,  Within the exp lored temperature range maximurri hardness 

is reached In al l spec imen� during ageing at 250°C .

Three types of isochronal m lcrohardness curve.s of the LQ specimens can be 

d isti nguished . In Fig . 1 (b) both the cold and warm hardening can be discerned; 

i n  Fig . 1 (c) the cold hardening is hard ly perceptible whl le the curves presented 

in F ig . 1 (d) show a continuous Increase in hardness . As can be seen, there is no 

corre lation between the thickness of spec imen and type of microhardness curve . 

The common feature of a l l  LQ spec imens is that maximum hardness is reached at a 

l ower ,  temperature than i n  the case of the SQ specimens . 

F ig . 2 (a) shows the increase in zone radii in one SQ spec imen during isochronal 
0 . . 

anneal i ng .  After anneal Ing at 250 C X-ray diagrams showed only the streaks 

scattered by the platelets of the f' phase ,
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FIG . 2 

Radii  of G P  zones I n  the course of isochronal ' anneal ing for one hour . (a) Spec imen 
quenched from the sol ld state ; . (b) I iquid quenched spec imens of different thicknesses .  
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F ig .  2 (b )  shows the zone radii i n  the sp lat cooled specimens of different thickness . 

At room temperature no diffrac tion rings cou ld be detected by means of our technique . 

After anneal ing at 60°C and 1 00
°

C ,  and after prol onged exposure times,  very weak

rings appeared which were much larger than in the case of the SQ spe�imen . The zon, 

sizes at these temperatures are not ind icated in Fig . 2 (b) as the scattered intensity

was too low to al low quantitative interpretation of the scattering curves . From 

1 40°C on, the trend of curves in both the SQ and LQ specimens is simi lar .

(The upper curve in Fig . 2 (b) was obtained by the use of a Kratky camera which

al lows the detection of scattering at much lower angles) . Because of very smal l 

grains no individual streaks of (' platelets were observed at high temperatures . Al l 

the strong scattering was interpreted as due to the zones .  

Discussion of  the results 

No zones could be detected in splat cooled spec imens at room temperature . The 

same resu l t  was obtained by A. Daniel (5) with an Al-20 wt . %  Ag specimen . 

Obviously, the time period during which the vacancies are mobile is not long 

enough to al low the transport of a sufficient number of s i lver atoms to zones of 

a measurable size . 

No G P  zones could be detected even after ageing for three months at room 

temperature . This i nd icates that the number of the quenched-in excess vacancies 

is smal l .  On the basis of recent studies of defects in  conventiona l ly  quenched 

AI-Zn al loys (6) and l iquid quenched pure aluminium (7) one possible exp lanation 

is th_at during the quenching most of the excess vacancies condense into dislocation 

loops which act as traps for the remaining vacancies . The large area of grain 

boundaries , due to sm.al l  grain size , may also contribute considerably to vacancy 

annihi lation .. 

The growth of zones above room temperature is slow since only a smal l  number of 

thermal ly created vacancies takes part in the diffusion of s i lver  atoms . In trying 

to estimate the zone s ize of the specimen 20 (-"" th ick at 60° C and 1 00° C we

supposed that the product of the 'diameter of the d iffraction ring and the radius 

of zones remains constant at temperatures up to 1 40°C .  The form of the
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miscib i l i ty gap justifies this assumption but only when the metastable equi l ibrium 

is attai ned within one hour of ageing, which may not be the case with ul tra rap idly 

quenched spec imens . The zone sizes as obtained from the diameter of diffraction 

rings were 1 3 .  5 K at 1 00° C, and 8 .  8 K at 60° C .  Extrapolating the radius-tempera­

ture curve up to room temperature , a rad ius of about 4 K was obtained . This is 

quite a reasonable result . However, more sensitive X-ray techniques �hould be used 

to check the presence of such smal l zones . 

The growth of f' plate lets cannot be observed i n  sma l l-angle X-ray diagrams of

polycrista l l ine samples as readily as In single crystals . A faster growth of (
1 

p latelets up to critical size is indicated by the fact that the maximum hardness is 

reached at lower temperature than i n  the case of SQ specimens . The early nuc leatioh 

and rap id growth of f' p latelets may be related to the presence of many stacking

faulted regions which have been observed by Danie l (5) in  sp lat cooled aluminium­

-sl iver a l loys . 

Al l three types of m icrohardness curves could be exp lained in a si.mi lar way. 

However, this qual itative explanation should be verified by further and more 

detai led experiments, usi ng different techniques . Although the same supersaturation 

of an aluminlum-sl lver a l loy can be achieved by quenchrng from the sol id state, 

further Investigation of l iquid quenched specimens would be of i nterest because i t  

would offer the opportunity of studying the kinetics of  al loy decomposition from 

the early stages . 
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DISCUSSION 

Have you quenched samples from the solid state to a lower 
temperature than room temperature ? 

No . 




