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Abstract

The aluminium strontium master alloy Al-10Sr has been investigated by in-situ neutron diffraction

upon a heating-cooling cycle,  revealing composition,  crystallographic structure,  lattice evolution

and  linear  thermal  expansion  coefficients.  Expansion  of  the  Al  matrix  between

[23.5 … 26.7]·10-6K-1 depends on temperature and fits well to the literature values, extrapolating to

higher temperature at  800 K. Thermal expansion is highly anisotropic for tetragonal  Al4Sr by a

factor of 1.86 with values of 20.8 and 11.1 ·10-6K-1 in a and c-axis. The even larger discrepancy to

the Al matrix is prone to residual intergranular phase stresses explaining the brittleness of such

composite material.  Upon first heating,  recovery of the initially plastically deformed material  is

observed  until  600 K  and  700 K,  for  Al4Sr  and  Al.  Rietveld  analysis  refines  the  4e Wyckoff

positions  of the  I 4/m m m crystal  structure  to  z = 0.39 revealing  that  local  tetrahedrons  are

regular while local hexagons are stretched, in contrast to literature. Its lattice parameters report to

aI = 4.44240(48) Å,  cI = 11.0836(15) Å at 300 K.  Furthermore, the manuscript demonstrates full

technical analysis of the neutron data. Findings feed into data bases and an outlook for improving

mechanical properties of Al4Sr composites is given.

takumi-Al-10Sr-2021.01.07.odt 2021-01-08 - 10:00:40 1

Manuscript Click here to access/download;Manuscript;takumi-Al-10Sr-
2021.01.07.pdf

Journal of Alloys and Compounds, 869(2021), 159232.

https://www.editorialmanager.com/jalcom/download.aspx?id=5129050&guid=341b6408-afa4-4241-9268-860b5d5a7374&scheme=1
https://www.editorialmanager.com/jalcom/download.aspx?id=5129050&guid=341b6408-afa4-4241-9268-860b5d5a7374&scheme=1


Graphical Abstract:

Photograph  of  the  dilatometer  furnace  for  in-situ  neutron  scattering  at  the  Takumi  beamline,

J-PARC, Japan, superimposed by insights into a Williamson-Hall plot (left) and crystal structure of

Al4Sr (right).
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1. Introduction

Although strontium intermetallics play a huge role as precipitates in composite aluminium and 

magnesium alloys, nothing is known on their crystallographic thermal expansion, which is an 

important parameter for modeling and optimizing thermo-mechanical processing and the final 

mechanical properties of such material. Strontium aluminide in particular, is largely used as grain 

refiner inhibiting dendritic grain growth in casting processes of both aluminium and magnesium 

alloys [1],[2],[3]. It largely delays the nucleation and growth kinetics of intermetallics in cooling 

melt and suppresses inhomogeneities by gravitational setting [4]. Moreover, a whole range of metal 

matrix composites are in focus of research for strengthening light-weight alloys upon further 

processing and heat treatment. Frerichs states in 2011 in his thesis [5] that several deformation 

processed metal matrix composites with an Al matrix have been reported, including Al-Ti, Al-Sn, 

Al-Mg, and Al-Nb but nothing was found on Sr-Al matrix compounds, though elongated heat 

treatments at higher temperature of deformation-processed composites may precipitate Al-Sr 

intermetallics. Because of an assumed high-stiffness of the intermetallics, investigations are 

undertaken in Sr-Al deformation-processed metal matrix composites to serve as wires for high-

voltage cables with good mechanical and electrical properties. In another thesis in 2012, Gorny 

concludes upon the formation and characterization of major intermetallic phases in Al-xSi-yFe-zSr 

alloys that physical properties and beyond them, their thermal expansion behavior are typical 

research topics that would yet have to be explored [6]. Meanwhile, Ashrafi et alii reported in 2015 

[7] that hardness increases with adding Al-10Sr to the melt, while the ultimate tensile strength does 

not increase or only little. The weak interface between the particles and the matrix was made 

responsible to decrease this strength. A hardness maximum was found at 0.5 % mass of Al-10Sr to 

the melt. Allover, the material shows high stiffness and strength but low resistance to fracture. 

Those trends are seconded in a further investigation by Biswas et alii [8] stating brittleness 

increases with Al4Sr fraction in Al-5Mg-xAl4Sr compounds (x ∊ 0...7.5; mass-%). Maximum 

ductility reports to x = 5 % while a mixed fracture mechanism of both ductile and brittle evolves at 

increasing concentrations. Crack initiation is made responsible on the interfacial properties between

the matrix and Al-10Sr phases. 

The lack of knowledge of fundamental thermal lattice expansion of Al4Sr motivates the present 

work, which is found to be very distinct from the matrix and therefore needs to be considered for 

the evolution of intergranular stresses contributing to such as interface adhesion, tensile and fracture

behavior. In-situ neutron diffraction has been chosen to follow the signal upon a heating-cooling 

cycle, which is evaluated in detail to determine lattice expansion for both the Al matrix and Al4Sr 

intermetallics and to refine their crystallographic parameters. 
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2. Crystallography

Strontium aluminide, Al4Sr crystallizes in the tetragonal barium aluminide structure Al4Ba with 

Hermann Mauguin notation I 4/m m m, international space group number 139 and 

Strukturbericht designation D13. Pearson describes the Wyckoff positions [9] of such isomorphs 

with Sr on the 2(a) positions at cell coordinates [0 0 0], Al(1) on 4(d) and Al(2) with [0 ½ ¼] on 

4(e) with [0 0 z]. Lattice parameters of a = 4.459 Å and c = 11.07 Å have been reported by 

Nowotny & Wesenberg in 1939 [10] [11] after conversion of kX units to Å (by 1.00202, see [12] – 

note, some literature, including the ICSD database entry 107887 (2008) mistakenly omit this factor)

and z = 0.38. Aluminum is well known to crystallize fcc close-packed in space group F m 3 m, 

number 225, Strukturbericht A1, and lattice parameter of a = 4.04961 Å [13], COD entry 9012002. 

Note, the Crystallographic Open Database, COD has reviewed and corrected all omitted kX value 

conversions based on Straumanis [13] entries upon discrepant measurements by the present study. 

The Al-Sr phase diagram has been published by Bruzzone and Merlo in 1975 [14] revealing that 

both Al and Al4Sr form line compounds which are insolvable to each other. Even recent literature 

on the Al-Mg-Sr phase diagram [15] only consider insolubility between these two compounds. 

Information on point defects is lacking, which could be helpful to determine lattice parameter 

variations. According to reviewed data in Landolt-Börnstein [16] the composition starts melting in a

eutectic reaction at about 933 K. 

Regarding the lattice parameters and crystal structures of both phases, there exist no similar atomic 

distances or planes which may form a coherent interface. No report on orientation correlations can 

be found. Moreover, the intermetallic forms in needle or rod shape habitus when precipitating from 

the melt and phase boundaries may show irregular and curved manifolds when the Al4Sr fraction is 

high [17] [8]. All these are indications of incoherent phase boundaries.

3. Experimental

A heating-cooling cycle has been undertaken on a cuboid shaped Al-10Sr specimen after height 

reduction from 12.1 mm to 8.25 mm by hammering. This plastic strain of e = -32 % was intended to

break potential large grains into more favorable mosaic structure, suitable for neutron diffraction. 

We have used the engineering neutron diffractometer Takumi (匠) [18] within the Materials and 

Life Science Experimental Facility [19], [20] at the J-PARC neutron spallation source [21] in Japan.

A halogen-lamp heated dilatometer furnace has been mounted into the sample position under an 

incident angle of 45° and scattering angle of ± 90° in order to probe for scattering vectors both 

longitudinal and transverse to the specimen compression axis. Time-of-flight histograms of 30 s 
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acquisition bins have been established from the event-mode data and calibrated to scattering vector 

transfer units Q by Q = 15000·2p/t  , where t is the instrument-corrected and calibrated neutron 

time of flight. Note, for Rietveld analysis and absolute lattice parameter determination, the factor 

15000 has been refined to an instrument function, however, for relative shifts as in DQ/Q we work 

with the given value for single-peak-fitting, as it does not fall into account. Peak widths and 

integrated peak intensities are then transformed by DQ/Q = -Dt/t and IQ/Q = It/t , respectively. 

Similarly, peak shifts DG of a given reflection G are evaluated by the lattice strain e = -DG/G = 

Dt ∕t . Intensity channels have been normalized point by point by a smooth function – a 16th order 

polynomial fit to recordings of an isotropic vanadium scatterer, see Figure (1). An overall 

normalization for each time slice has been undertaken by the actual proton current of the spallation 

source [21]. All normalization procedures have been scaled to some determined nominal value to 

operate with factors close to 1, in order to mostly preserve the counting statistics. For each 30 s time

step, peak positions have been evaluated by individual peak fitting of Gaussians using the 

Igor Pro 4 software and the Multi-Peak-Fitting package. A Rietveld analysis using the Maud 

program has been applied to the summed data during the holding time at 800 K. Figure (2) shows 

the diffractograms color coded against scattering vector and time, together with the internally 

calibrated temperature, see below. The Takumi data set identification is 5354 and run number 

ENG022688.

Figure 1: Intensity calibration by fitting polynomials to the statistics-prone vanadium scattering 

(top lines in the middle) and evaluated smooth channel-by-channel multiplication factors close to 1 

(bottom lines) for both north (N, 0000) and south (S, 0001) detector banks [18] [19]. (data set 

ENG022249)
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Figure 2: Neutron diffractograms recorded as a function of time (left) while temperature was varied

(right). Blue: low intensity; white: medium intensity, red: high intensity. Two phases are abundant

and reflections are indexed

4. Temperature profile and internal calibration

The applied temperature cycle is shown to the right in Figure (2). It was intended to heat from room

temperature to 800 K with 0.25 K/s, hold for 1800 s and cool by -0.5 K/s. However, it turns out that

the thermocouple readings do not represent the lattice response of the specimen. Because of an

experimental lag and time-dependent offset to the thermo-couple reading, we calibrate the sample

temperature  at  each  time  step  through  the  measured  lattice  strain  e and  second-order  thermal

expansion of the Al matrix, together with the measured holding points at Tmin = 294.1 K and Tmax =

799.9 K with strain values  emin and  emax,  respectively – i.e.  when the thermocouple had time to

equilibrate with the sample. With Tmin ≈ TR close to room temperature TR we derive

εmax−εmin= Δε= η ΔT = (η0+ζ T ) (T−T R) , (1)

which is a quadratic equation in temperature T. In order to solve T(e) we rewrite equation (1)

α T 2
+ βT + γ = 0 and solution T =

−β + √β2
−4αγ

2α
(2)

with

α = ζ ; β = η0 − ζT R ; γ =−(Δε + η0T R) (3)

With h0 = 20.94(13)·10-6 K-1 and z = 7.37(23)·10-9 K-2 we calibrate the temperature profile T(e) as

shown to the right in Figure (2). Such quadratic regression of thermal expansion has been essential

as it may lead up to 17 K temperature difference values as compared to linear terms only.

The temperature dependence of the linear thermal expansion coefficient η = η0 + ζT  has been 
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regressed from literature published by Hidnert in 1924 [22] on pure aluminum, as displayed in 

Figure (3). The data point of the present study heating from Tmin = 294.1 K and Tmax = 799.9 K fits 

excellently its extrapolation and now confirms the behavior until 800 K. 

Such excellent agreement validates the usage on internal temperature calibration by the lattice 

expansion of the Al matrix. Moreover, as Sr does not dissolve at all in Al, lattice parameter 

variations of the latter due to chemical concentration changes, as in titanium aluminides [23] and 

zirconium niobium alloys [24] can be disregarded.

Figure (3): Variation of linear thermal expansion coefficient h of aluminum as per Hidnert (Table 4

in [22], blue crosses) and the present work (red marker).

5. Rietveld Refinement

Figure (4) displays a simple Rietveld refinement at the holding temperature 800 K, allowing an 

integrated acquisition time of 1600 s. The mass fraction of Al4Sr results in 13.6 %, balanced by fcc 

Al. This leads to an overall mass composition of Al-6.1Sr, lying lower than the nominal 

composition of Al-10Sr, which should have revealed 22.3 % of Al4Sr. Comparison of the two 

orthogonal scattering directions at Takumi yields some fluctuations in the individual peak heights 

which must be related to grain orientation effects, see for example Xu et alii [25]. This discrepancy 

in composition is not followed further in this work, as there is not much phase evolution; more 

interestingly we focus on the change of the lattice parameters. The latter have been refined to aAl = 

4.08683(37) Å for aluminum and aI = 4.48908(48) Å, cI = 11.2064(15) Å for Al4Sr at 800 K. 
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Figure (5): Sketch of two Al4Sr unit cells, emphasizing configurations of aluminum hexagons and

tetrahedrons.  Sr(1) positions on 2a: large,  green; Al(1) positions on 4d, small,  gray blue; Al(2)

positions on 4e: small, light blue. The arrows indicate increasing z coordinate. Atoms A,B,C,D span

a tetrahedron while E,F,G indicate two sides of a hexagon.

We further refined the position z of the Al(2) atoms, rendering z = 0.3957. Figure (5) displays a pair

of unit cells indicating the locations of Al hexagons on the {100) faces as well as tetrahedral 

arrangements between the Al(1) and Al(2) atoms. According to Pearson, the tetrahedrons are 

somewhat squashed in the [001] direction [9]. Assuming a regular hexagon forming on the {100) 

faces would require FE = FG and thus zhex =
7
12

− √ a2

12c2
+

1
36

evaluating zhex = 0.380. This 

holds for pretty much all published a and c values (including our measured a and c) and indeed 

matches their values zlit = 0.38 . In other words, all literature describes the hexagons as regular, 

while the tetrahedrons are squashed along the [001] axis. In contrast, our results with z = 0.3957 

elongate the hexagons significantly by 4 % in the [001] direction. Making the tetrahedron regular 

means AB = AC leading to z tet =
1
4
+

1

√(8)
a
c  computing with our measured lattice parameters 
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to ztet = 0.3916 . This matches very well our refined z = 0.3957, stating that the tetrahedral structures

tend to attain ideal regular shape in cost of stretching the hexagons – opposite than assumed so far 

in literature.

Figure (4): Rietveld refinement at holding temperature 800 K. Measured diffractogram in dots 

(blue), calculated in continuous line (red), and difference top (green, arbitrary units).

6. Aluminum peak broadening

Peak widths DG at full width half maximum are evaluated in Figure (6) by a Williamson-Hall 

analysis [26], at which a coherent crystallite size scales by the Scherrer formula with 2p/D into 

reciprocal space, often accompanied by a shape factor K for non plane-parallel particle habitus [27].

Thus, together with a gradient crystal part [28] of total strain amplitude e and an instrument 

resolution function DQr it yields

ΔG =(2 π/D) ∙ K + εG + ΔQr . (4)

Figure (6a) shows the data of all five aluminum peaks together with resolution measurements by 

LaB6 , given by the smaller markers. Figure (6b) zooms into the locations around the Al-002 and 

Al-022 reflections. All peaks fit straight lines DQ = a + b Q, the Williamson-Hall equation with 

common axis offset a and individual slopes bj . Data is shown for the entire heating-holding-cooling

cycle, while three locally time-averaged values are extracted at initial state (i), holding at 800 K (h) 

and final state (f). Note, the displacements on the abscissa are due to thermal expansion. The 
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resolution function scales with DQr = br Q  . Assuming Lorentzian reflection profiles, we subtract 

the resolution broadening from the aluminium peak widths, resulting in a negligible grain size term,

or physically meaning, in grain sizes of the micrometer and above range. The initial, holding and 

final total strain amplitudes ei,h,f = bi,h,f - br  result in εi = 1.30⋅10−3 , εh = 0.36⋅10−3 and

εf = 0.60⋅10−3 . The relative peak width evolution as a function of time, displayed in Figure (7), 

showing an initial decrease which is strict linear to temperature, disemboguing into a constant value

at about 700 K onwards. The initial decrease is due to the annealing of distorted crystal lattice due 

to the uniaxial compression processing prior to the experiment. Upon cooling, there is very minor 

increase of the peak width. 

In the concluding scenario, strain broadening decreases due to recovery upon heating from

εi = 1.30⋅10−3 to a minimal value of εh= 0.36⋅10−3  above 700 K and holding at 800 K. Upon

cooling, the system becomes stiff and eventually mismatching thermal expansion coefficients 

between the Al matrix and Al4Sr leads to a slight increase of stress-induced strain to

εf = 0.60⋅10−3 .

 

Figure (6): Williamson-Hall evaluation of peak broadening from aluminum. Figure (6b) zooms into

the outlined areas in (a). The red, green and blue markers represent the average data at initial (i), 

holding (h) and final (f) condition, while the smaller dark markers represent LaB6 data for obtaining

the resolution function (r). Solid lines are linear fits DQ = a + b Q with common offset a. 

Microstrain ei,h,f = bi,h,f - br . The dots are data taken at each timestep gradually changing color from 

red to green and blue upon heating holding and cooling.
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Figure (7): Peak widths at half maximum divided by peak position for the aluminum reflections 

111, 002, 022, 113, 222 with ordinate offsets of [0, 1, 2, 3, 4]·10-3), respectively, underlaid by the 

temperature profile. 

7. Thermal expansion of Al4Sr

Thermal evolution of lattice strain in Al4Sr has been evaluated for the 8 reflections hkl as listed in

Table 1 and displayed in Figure (8). The overall lattice expansion shows a clear difference between

heating and cooling, expressed by a smaller and larger strain amplitude, respectively. Upon cooling,

the behavior is strictly linear with slope  hc, while the heating curve starts initially with a smaller

slope hh until about 600 K and then following also hc. This transition temperature coincides closely

with the disappearance of intergranular strain broadening in Al, see Figure (7). The slopes at high

temperature and cooling reveal the linear thermal expansion coefficients  hG, respectively in their

crystallographic orientation Ĝ , where their orientation angles Y towards the c axis are compiled

in  Table 1.  The  sin2
(Ψ) plot  in  Figure (9b)  fits  very  well  to  a  straight  line,  indicating  an

anisotropy ellipse which is maximal allowed under the crystal symmetry, and the refined values are

ha = 20.8(2)·10-6 K-1 and  hc = 11.1(2)·10-6 K-1 with a ratio of 1.86 . In a similar way, the initially

smaller expansion on heating evaluates to ha
i = 14.0(8)·10-6 K-1, hc

i = 6.9(8)·10-6 K-1 and ratio 2.01,

see Figure (9a).

G

[Å-1]

h k l hh

[10-6 K-1]

hc

[10-6 K-1]

Y

[°]

sin2(Y)

2.24 0 0 4 7.2 10.9 0.0 0.00
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3.13 0 1 5 7.3 13.2 26.5 0.20

2.19 0 1 3 9.2 15.4 39.8 0.41

2.99 1 1 4 11.0 15.1 41.4 0.44

4.20 1 2 5 11.2 16.8 48.1 0.55

2.27 1 1 2 12.5 18.3 60.5 0.76

3.55 1 2 3 13.4 18.6 61.7 0.78

2.80 0 2 0 13.0 20.8 90.0 1.00

Table (1): List  of  scattering  vectors  with  modulus  G,  Miller  indices  hkl,  linear  expansion

coefficients  hh and  hc upon heating and cooling, respectively, orientation angle  Y towards the  c-

axis, and its sin2(Y) .
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Figure (8): Thermal lattice strain in Al4Sr measured on various reflections. The continuous lines are

linear fits in the recovery range upon heating to 600 K and upon pure thermal expansion above

600 K, coinciding with cooling. The slope h is the linear thermal expansion coefficient for the given

reflection. 
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a) 

b) 

Figure (9): Thermal  expansion  coefficient  versus  lattice  orientation  in  sin2(Y) .  Fig.  (a)  shows

results upon heating where lattice recovery plays a role on the expansion, while (b) as obtained on

cooling follows linear thermal expansion.

8. Discussion

A series of lattice effects are occurring during in-situ heating of the Al-10Sr alloy, which is 

composed of two phases, fcc Al and tetragonal Al4Sr. Their measured mass abundances are 86.4 % 

and 13.6 %, which renders a little lower than expected. The free parameter z of the Al4Sr on the 4e 

Wyckoff positions (see Figure (5)) has been refined to z = 0.3957, showing that the Al tetrahedrons 

in the crystal structure are close to regular, while the hexagon configurations are somewhat 

stretched. This value does not change significantly with temperature. Upon heating, the plastically 

deformed material first recovers, expressed by both change of peak width and the value of linear 
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thermal expansion in Al4Sr. Figure (9) reveals that expansion is lower upon heating and with larger 

scatter on the reflections, as it depends on non-eqiilibrium segregation, dislocations and stresses to 

the embedded matrix, which recover at 600 K, then following purely linear thermal lattice 

expansion.

For the Al phase, the peak widths decrease until 700 K due to a larger microstrain relaxation stored 

in the deformed material, while upon cooling, only a tiny microstrain develops due to a thermal 

expansion mismatch between the phases, and a relatively long cooling time, see Figures (6) and (7).

Linear thermal expansion of Al matches very well the second order behavior published by Hidnert 

et alii [22] and therefore has been used as an internal temperature standard, Figure-(3). The Al4Sr 

expansion curves, however, show an increase in slope at 600 K upon heating, which is maintained 

upon cooling. Recovering lattice defects established by the preceding plastic deformation would not

have such large effect on the average lattice parameter and volumetric strain, therefore we attribute 

the reduced thermal expansion at first heating to a change of stoichiometry – as it has been 

frequently observed in other alloy systems [23],[24]. Although Al4Sr is a line compound in the 

binary phase diagram, out-of equilibrium compositions may exist in the as-received sample. 

Moreover, the presence of the eutectic reaction between Al and Al4Sr demands for some out-of-

stoichiometry composition, although small. Linear thermal expansion of Al4Sr is anisotropic and the

measured strain ellipsoid matches the crystal symmetry. Along the a-axis, linear thermal expansion 

is almost double the value than along the c-axis, with  ha = 20.8(2)·10-6 K-1 and hc = 11.1(2)·10-6 K-1,

respectively, and both values lie well below that for Al with hAl   ∊ [23.5 … 26.5]·10-6 K-1 depending 

on temperature. On a quench over 500 K, this difference in thermal expansion between the 

intermetallic and aluminum can amount up to 15·10-6 K-1 and is prone to build up intergranular 

stresses. Elastic constants for pure Al are c11 = 110 GPa, c44 = 31 GPa [29] and yield strengths are 

10 MPa to 500 MPa, depending on the alloy and microstructure. Thus, a simple calculation can 

render stress amplitudes of 800 MPa longitudinal and 230 MPa in shear upon such 500 K quench. 

Some of such stresses would relax though various mechanisms, but evidently some will remain and 

bias the system close to their yield limits, which is the reason why the alloys with higher Sr 

concentration become very brittle. Moreover, the Al and Al4Sr crystal structures do not expose 

common lattice planes, which enhances the brittleness at their interfaces. Laio et alii's observation 

[30] that the size of the precipitaties plays a significant role on the mechanical properties can be 

explained by our found mismatch in thermal expansion, as larger precipitates, thus longer interfaces

would build up higher intergranular stresses which lead to failure. Crystal symmetry in such 

reported needle- or rod-shaped precipitates favors the c-axis along the rod axis, even exposing 

maximum mismatch of thermal expansion on the longer [001] zone interfaces, which is very 
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unfortunate. As the processing route for designing the microstucture and morphologies of 

precipitates is extremely important for the mechanical properties [30] it is suggested here to 

investigate plate shaped precipitates with their normal along c. Such configuration would minimize 

thermal expansion stresses along the [001] zone planes, while the {001} interfaces show only minor

mismatch between their expansion coefficients ha and hAl. Together with our here reported results, 

new processing and cooling routes can be engineered.

9. Conclusions

The  present  study  on  Al-10Sr  (mass.%)  reports  on  various  crystallographic,  structural  and

microstructural properties and their evolution upon a heating and cooling cycle.

• Crystal structure: Opposite to literature, we find that the tetrahedral configurations of Al

atoms are of ideal regular shape while the Al hexagons on the {100) faces are stretched. The

corresponding Wyckoff position parameter is z = 0.3957 . 

• Rietveld refinement reveals 2 phases, fcc Al with 86.4 % and tetragonal Al4Sr with 13.6 %.

• The linear thermal expansion of Al has a second order term and the presently reported value

at 800 K matches excellently its extrapolation from literature.

• The  Al  matrix  recovers  linearly  with  temperature  from  the  initially  strongly  deformed

microstructure with microstrain εi = 1.30⋅10−3 and reaches an almost stress-free state at

and above 700 K with  εh = 0.36⋅10−3 . Upon cooling, a slight microstrain builds up to

εf = 0.60⋅10−3 due  to  inter-phase  stresses  driven  by  mismatching  thermal  expansion

coefficients.

• As-received Al4Sr is out of equilibrium stoichiometry and recovers upon first slow heating.

• Al4Sr shows a strong anisotropy in linear thermal expansion by a factor of 1.86 between a

and  c direction.  With  values  of ha =  20.8(2)·10-6 K-1 and  hc =  11.1(2)·10-6 K-1,  it  is

considerable smaller than that of Al with hAl   [23.5∊  … 26.7]·10-6 K-1.

• The  mismatch  of  thermal  expansion  can  build  up  thermal  intergranular  stresses  which

depend very much on the crystallographic interface. They bias external applied load and

lead to increased brittleness. 

• The often observed rod-like habitus is most unfavorable and plate-shaped precipitates would

be better to reduce brittleness and enhance mechanical properties.

• The thermal expansion results are essential for modeling the material.

• Refined lattice parameters of Al4Sr are aI = 4.48908(48) Å, cI = 11.2064(15) Å for Al4Sr at

800 K.  Together  with  the  thermal  expansion  coefficient,  the  room-temperature  values
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calculate to aI = 4.44240(48) Å, cI = 11.0836(15) Å at 300 K.

Altogether, the here reported findings update the Crystallography Open Database [31] with entries 

3000256 and 3000260 at 800 K and 300 K, respectively, and present first reports of thermal lattice 

expansion in Al4Sr, which are important for modeling alloys of the Al-Sr system for fundamental 

and applied properties.
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