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Atom probe tomography (APT) provides three-dimensional compositional mapping of materials 13 

at near-atomic resolution, yet the information content of APT datasets is strongly influenced by 14 

specimen preparation. Notably, Gallium (Ga) implantation during focused ion beam (FIB) milling 15 

is generally considered a limitation that complicates data analyses, particularly in aluminium. In 16 

this work, we show that Ga implantation can instead be exploited as a sensitive marker to access 17 

additional microstructural and crystallographic information directly from APT data. Using 18 

aluminium-based systems as model materials, we demonstrate that Ga segregation is highly 19 

dependent on interface structure and crystalline defect character. In additively manufactured Al-20 

7075, Ga selectively segregates at incoherent η precipitate interfaces while remaining absent at 21 

coherent η′ interfaces, enabling precipitates coherency and nature to be inferred solely from APT 22 

measurements. In sputtered multilayer thin films composed of alternating Al and high-entropy 23 

alloy (HEA) layers, we use Ga segregation to highlight grain boundaries and reveal that Cu 24 

segregation does not occur on all grain boundaries in the Al layers. Indeed, low-angle grain 25 

boundaries, as characterized by Ga segregation on dislocations lines, remain Cu-free and would 26 

not have been evidenced without Ga contamination. These results demonstrate that Ga 27 

implantation, traditionally regarded as a limitation of FIB-prepared APT specimens, can be 28 

repurposed as an intrinsic contrast agent. More broadly, this approach extends the information 29 

accessible from APT by providing indirect sensitivity to crystallographic information without relying 30 

on complementary crystallographic techniques. 31 

32 

Atom probe tomography, Focus ion beam, Aluminium, Interfaces, Segregation, Transmission 33 

electron microscopy 34 

35 

• Ga contamination reveals crystallographic data from APT analyses on Al alloys 36 

• Coherent interfaces are free from Ga segregation, contrary to incoherent ones 37 

• Grain boundaries free from solute segregation are revealed by Ga contamination 38 
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• Ga segregation is used to distinguish between low and high angle grain boundaries 39 

 40 

 41 

Atom probe tomography (APT) has become an essential characterization technique for materials 42 

science, offering three-dimensional (3D) compositional mapping with near-atomic spatial 43 

resolution and excellent chemical sensitivity [1–4]. APT enables direct visualization of solute 44 

distributions, nanoscale clustering, and segregation at interfaces, making it particularly suited to 45 

the study of complex microstructures such as those found in metallic alloys. Over the past 46 

decades, the technique has provided key insights into precipitation phenomena [5,6], solute 47 

partitioning [7], and atomic-scale interfacial chemistry [8,9] that were previously inaccessible by 48 

conventional microscopy. 49 

Despite these advantages, one of the principal limitations of APT lies in its restricted access to 50 

crystallographic information. In contrast to transmission electron microscopy (TEM) or electron 51 

backscatter diffraction, which can directly reveal crystal orientation, defects, and interface 52 

coherency, APT primarily yields chemical data. Local solute enrichments can be used to detect 53 

crystalline defects, such as dislocations [10,11], grain boundaries [8,12] or precipitates [5,6], but 54 

these crystallographic data remain scarce and imprecise. For instance, it might be difficult to 55 

distinguish an elongated precipitate from a dislocation [5,13] and dislocations are indirectly 56 

detected by the segregated solutes around them [14]. While the presence of crystallographic 57 

poles and atomic planes in the reconstructed dataset can occasionally be used to infer orientation 58 

[10,15,16], such features depend strongly on the specimen geometry and field-evaporation 59 

behaviour and are not always present or well-defined. Consequently, direct correlation between 60 

chemical and crystallographic information remains challenging, limiting the ability of APT to fully 61 

describe structure–property relationships. 62 

Aluminium (Al) alloys represent one of the most important classes of structural materials owing to 63 

their outstanding strength-to-weight ratio, corrosion resistance, and ease of processing [17–19]. 64 

Their mechanical performance is commonly enhanced through precipitation hardening, in which 65 

nanoscale solute-rich precipitates form during controlled heat treatments. The size, composition, 66 

and coherency of these precipitates play a decisive role in determining the mechanical properties 67 

of the alloy [6,20]. Understanding the precipitation sequence, from solute clusters to Guinier-68 

Preston zones, η′, and η phases in 7xxx alloys [21–23], as well as whether precipitates form 69 

homogeneously or heterogeneously [24], is critical for alloy design and performance optimization. 70 

Besides, Al thin films are also used in nanolaminated materials to improve the trade-off between 71 

strength, ductility and fracture toughness [25–27].   72 

Even though APT has been widely employed to investigate precipitation phenomena in Al alloys 73 

[6,21], several aspects of the precipitation sequence, such as the transformation pathways 74 

between η′ and η phases in Al–Zn–Mg–Cu alloys, remain under discussion [28]. Moreover, APT 75 

analyses of Al alloys face several experimental challenges. In Al-Zr alloys, the substantially higher 76 

evaporation field of Zr and Al3Zr relative to the Al matrix [29,30] alters local evaporation conditions, 77 
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leading to peak broadening and complex ion formation that complicate mass spectrum 78 

interpretation and quantification. A further and often critical issue arises from specimen 79 

preparation: APT tips are typically obtained by focused ion beam (FIB) milling using gallium (Ga) 80 

ions, which readily implant into the specimen surface [31,32]. 81 

Gallium contamination is particularly problematic in aluminium-based materials. Owing to its high 82 

diffusivity and strong tendency to segregate at defects and interfaces, Ga can redistribute within 83 

the Al matrix during specimen preparation or analysis [33]. This contamination can obscure 84 

genuine solute distributions, alter interfacial chemistry, and complicate the interpretation of APT 85 

data [34]. Consequently, most studies aim to minimize Ga incorporation by using low-energy 86 

cleaning steps [35], plasma FIB preparation, or alternative ion sources [34,36] 87 

In the present work, we adopt a fundamentally different approach. Instead of mitigating Ga 88 

contamination, we intentionally exploit it as a structural probe. We demonstrate that Ga 89 

segregation behaviour within APT datasets can provide indirect yet highly informative 90 

crystallographic and interfacial data. It was previously shown by Aboulfadl et al. [37] that Ga could 91 

be used to detect dislocations in a recrystallized Al-Mg alloy, but no more crystallographic details 92 

were given. In this work, we demonstrate that in additively manufactured 7075 Al alloys, Ga 93 

segregates preferentially at incoherent η precipitate interfaces but not around coherent η′ 94 

precipitates, enabling direct inference of precipitate coherency from APT data alone. The nature 95 

of the precipitates as well as interface coherency is confirmed by TEM characterization. In 96 

sputtered Al–high-entropy alloy (Al-HEA) nanolaminates, Ga enrichment delineates specific grain 97 

boundaries, distinguishing those that host Cu segregation from those that do not, and revealing 98 

low-angle boundaries that are otherwise undetectable. 99 

This work introduces a novel concept: the use of Ga contamination as a crystallographic marker 100 

in APT analyses of aluminium alloys. To the best of our knowledge, this is the first demonstration 101 

that detailed crystallographic information, traditionally inaccessible by APT, can be obtained 102 

directly from the APT dataset itself, without complementary microscopy. By transforming what is 103 

typically regarded as a limitation of FIB-based specimen preparation into a source of valuable 104 

structural information, this study opens new possibilities for correlating chemical and 105 

crystallographic data at the nanoscale in aluminium and other materials. 106 

 107 

 108 

 109 

A pre-alloyed modified Al7075 with Zn, Mg and Zr (AlCr0.3Cu1.5Mg4.1Zn6.7Zr0.9, from 110 

NANOVAL GmbH & Co. KG, Germany) was used for the L-PBF processing. The 7075 Al-alloy 111 

samples were processed using a ProX®DMP 200 system (3D Systems Inc., USA) with the 112 

following laser specifications: 1075 nm wavelength, 70 μm spot size, and 273 W maximum power. 113 

A non-heated 141 mm x 141 mm Al5Mg (wt% Mg) build plate was used. The O2 content was 114 

maintained below 500 ppm by purging with Ar gas. The fully dense specimen (>99.5% relative 115 
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density) underwent a classical T6 heat treatment composed of a first step for 1 h at 470°C in a 116 

Nabertherm furnace followed by water quenching and of a second step for 24 h at 120°C in a 117 

Binder oven. 118 

The Al/HEA nanolaminates were deposited by magnetron sputtering on a Si (1 0 0) substrate 119 

using a 2” Al target (purity >99.95%) and a 2” CoCrCuFeNi target (purity >99.95%). The deposition 120 

was performed at room temperature, maintaining a target-substrate distance of 9 cm and a 121 

deposition pressure of 0.5 Pa. The CoCrCuFeNi and the Al layers were deposited by applying a 122 

power of 200 and 100 W, respectively. The individual layer thickness was set to 50 nm for each 123 

layer, with a total film thickness of 800 nm.   124 

 125 

 126 

 TEM experiments were performed using a Talos microscope (Thermo Scientific) operated at an 127 

accelerating voltage of 200 kV. TEM imaging was carried out with a beam current of 3 nA, utilizing 128 

a 150 µm condenser aperture and a spot size of 3. Scanning transmission electron microscopy 129 

coupled with energy-dispersive X-ray spectroscopy (STEM-EDX) mapping was conducted in 130 

scanning mode using a beam current of 200 pA, a 70 µm condenser aperture, and a spot size of 131 

7. 132 

Foil specimens for TEM and STEM analyses were prepared using a Gatan Precision Ion Polishing 133 

System (PIPS). The samples were initially mechanically polished to a thickness of approximately 134 

60 µm, followed by ion milling in the PIPS system with voltages gradually reduced from 5 kV to 1 135 

kV, using a cascading milling angle from 5° to 1°. 136 

 137 

 138 

Samples for APT analyses were prepared using a dual beam SEM/FIB FEI Helios Nanolab 600, 139 

following the standard lift-out procedure, including three annular milling steps at 30 kV and one 140 

cleaning step at 5 kV [38]. APT analyses were performed on a CAMECA LEAP 6000 XR in laser 141 

mode (i) with a 30 pJ laser energy, 25 K base temperature, 200 kHz pulse rate and 0.5 % detection 142 

rate for the Al-alloy and (ii) with a 30 pJ laser energy, 50 K base temperature, 200 kHz pulse rate 143 

and 2% detection rate for the Al/HEA thin films. Data were reconstructed using the APSuite 144 

software.  145 

 146 

 147 

For the Al-alloy, the main identified peaks in the mass spectra correspond to Al (9 Da, 13.5 Da 148 

and 27 Da), Mg (12 Da, 12.5 Da, 13 Da for Mg2+ and 24 Da, 25 Da, 26 Da for Mg+), Zn (64, 66, 149 
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67, 68, 70 Da for Zn+ and 32, 33, 33.5, 34, 35 Da for Zn2+), Cu (63, 65 Da for Cu+ and 31.5, 32.5 150 

Da for Cu2+) and Ga (34.5 Da and 69 Da). There is thus no overlap between the main alloying 151 

elements, nor with Ga, which originates from FIB-contamination. 152 

Regarding the Al-HEA nanolaminates, only the Al layers are considered in this work. Therefore, 153 

the mass spectra present peaks corresponding only to Al (9 Da, 13.5 Da and 27 Da). Traces of 154 

other elements are also detected, Cu (63, 65 Da for Cu+ and 31.5, 32.5 Da for Cu2+) and Ga (34.5 155 

Da and 69 Da). 156 

 157 
 158 

159 

Figure 1 presents a typical 3D reconstructed APT tip from an additively manufactured 7075 Al-160 
alloy. The 3D atom maps of Al (blue), Cu (orange), Mg (purple) and Zn (grey) are shown. Cu 161 
enrichment is found along a plane crossing the APT specimen, revealing a grain boundary in 162 
the APT sample. Multiple Mg and Zn enrichments highlight the presence of MgZn precipitates, 163 
both in the matrix and on the grain boundary (GB). The GB precipitates are larger and slightly 164 
enriched in Cu. In agreement with results available in the literature, these MgZn precipitates are 165 
most probably η or η’ [39,40]. 166 
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Figure 1 : Atom maps obtained by atom probe tomography on the 7075 Al-alloy. Al atoms are displayed in blue, Cu 167 
in orange, Mg in purple and Zn in grey. Cu segregates and precipitates on the grain boundary. Mg and Zn precipitate 168 
both in the solid solution and on the grain boundary. 169 

 170 
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Figure 2 : Calculated iso-surfaces revealing MgZn precipitates and Ga segregation. (a) 1.5 at.% Ga iso-concentration 171 
revealing Ga segregation on the grain boundary crossing the APT tip. (b) 5 at.% Ga iso-concentration showing Ga 172 
‘precipitates’ on the grain boundary. (c) 20 at.% (Mg+Zn) iso-concentrations, evidencing the MgZn precipitates, 173 
superimposed to Al atom map.  (d) Superposition of (Mg + Zn) iso-concentrations and Ga atom map. (e) Slice view of 174 
Mg, Zn and Ga atom maps uncovering that matrix MgZn precipitates are Ga-free while GB precipitates are Ga-rich. 175 

As stated in “Materials and Methods”, section 2.3., the APT specimens were prepared by Ga-FIB. 176 
As could be expected, Ga contamination occurs during tip preparation by FIB and is thus detected 177 
during APT analysis, as shown in Figure 2, which represents a single APT tip, the same as in 178 
Figure 1. Ga atoms are detected in the 3D reconstructed APT volume, mostly on the grain 179 
boundary (Fig. 2a), where the grain boundary is highlighted by a 1.5 % Ga iso-concentration 180 
displayed in red. In-depth analyses of Ga distribution reveals that Ga “clusters” are found on the 181 
GB, as shown by the 5 at.% Ga iso-concentration from Figure 2b. Figure 2c represents the η / η’ 182 
precipitates, readily observed on the atom maps from Figure 1, using a 20% iso-concentration of 183 
(Mg+Zn). Interestingly, most of the precipitates are free from Ga segregation at their interfaces 184 
with the matrix. This is illustrated in Figure 2d, which is a top view of the APT tip, where 20% iso-185 
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concentrations of (Mg+Zn) are superimposed to Ga atom maps. Except for the GB precipitates, 186 
MgZn particles do not seem contaminated by Ga atoms. This is confirmed by Figure 2e, which 187 
presents a slice of the APT volume, where Mg, Zn and Ga atoms are observed. This uncovers 188 
that homogeneous MgZn precipitates, in the matrix, are not contaminated by Ga, while the 189 
precipitates on the GB are enriched in Ga. Two hypotheses can be formulated: (i) Ga enrichment 190 
around precipitates is kinetically limited. Then, Ga is not found in matrix precipitates, only on GB 191 
ones, since the GB accelerates Ga diffusion. (ii) There are structural differences between the 192 
matrix and GB precipitates which make them unfavorable, respectively favorable, for Ga 193 
enrichment. These hypotheses will be further investigated in this section and discussed in section 194 
4.1. 195 

 196 

 
Figure 3 : 1D concentration profiles across 5 different precipitates. (a) Identification of the 5 precipitates from Zn 197 
atom map. Precipitates 1 and 2 are GB precipitates while precipitates 3 and 4 are found in the matrix. Precipitate 5 198 
is also a homogeneous precipitate, but close to the tip surface. (b-f) Concentration profiles across the 5 precipitates. 199 
Precipitates 1 and 2 (b-c) exhibit Ga contamination. Precipitates 3 and 4 (d-e) are free from Ga contamination, as 200 
well as precipitate 5 (f) even though it is close to the tip surface. 201 

Ga contamination around the different precipitates is further investigated in Figure 3. 1D 202 
concentration profiles across 5 different precipitates were plotted. Precipitates 1 and 2 are GB 203 
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precipitates, while 3 and 4 are intragranular precipitates. Precipitate 5 is also a matrix precipitate, 204 
but close to the tip surface (about 1 nm). The 1D concentration profiles across the GB precipitates 205 
(1 and 2, Fig. 3b and 3c) reveal that Ga is detected in these precipitates. It is not clear from APT 206 
data whether Ga is found in the precipitates or at the interfaces. These discrepancies arise from 207 
well-known APT artifacts: differences in field evaporation between the precipitates and the matrix, 208 
between Ga ions and other ions, trajectory aberrations at the GB [1,15]. It is also worth noting 209 
that these precipitates are slightly enriched in Cu (about 2% at). Interestingly, 1D concentration 210 
profiles across the homogeneous precipitates 3 and 4 (Fig. 3d and 3e) provide different results. 211 
The Mg to Zn ratio is the same, close to 1, whatever the considered precipitates. However, 212 
intragranular precipitates are free from Cu and Ga. The absence of Ga contamination could rely 213 
on kinetic considerations, i.e. the investigated precipitates are too far away in the volume. To 214 
determine that, a 1D concentration profile was also calculated for precipitate 5 (Fig. 3f), which is 215 
close the tip surface and close to the apex, about 1 nm away. Interestingly, and surprisingly, Ga 216 
is not found either in this homogeneous precipitate. It can then be concluded that the absence of 217 
Ga in the matrix precipitates does not rely on kinetic limitations. It is worth noting that this 218 
precipitate is also Cu-free. 219 

Complementary TEM analyses were performed on the additively manufactured 7075 Al-alloy. 220 
Figure 4a presents HAADF and STEM-EDX maps, which reveal MgZn-rich precipitates, 221 
corresponding to η / η’, in accordance with the APT results. These precipitates are found both on 222 
grain boundaries and inside the Al matrix, but the GB precipitates are also enriched in Cu, in 223 
agreement with the results from Figure 3. Figure 4b presents a HR-TEM micrograph which shows 224 
the presence of a precipitate on Al grain boundary. FFTs demonstrate that this precipitate is η 225 
type, which is incoherent with respect to the Al matrix. Conversely, Figure 4c presents a HR-TEM 226 
micrograph of a matrix precipitate, which appears to be a η’ precipitate, coherent with the Al 227 
matrix, as proven by FFTs. Consequently, TEM analyses demonstrate that MgZn-rich precipitates 228 
on grain boundaries are incoherent η enriched in Cu, while MgZn-rich precipitates in the matrix 229 
are incoherent η’, nearly free from Cu enrichment. 230 

 231 

 232 



10 
 

 233 

Figure 4 : TEM micrographs collected in the additively manufactured 7075 Al-alloy. (a) HAADF and STEM-EDX maps 234 
showing η precipitates on grain boundaries and η’ inside the Al matrix. η precipitates on grain boundaries are 235 
enriched in Cu. (b) HR-TEM micrograph and FFTs demonstrating the incoherency of η precipitates on GBs. (c) HR-TEM 236 
micrograph and FFTs evidencing the coherency of η’ precipitates found in the Al matrix. 237 

In conclusion, the results from the correlative APT-TEM analyses reveal that two types of MgZn 238 
precipitates are found in the 7075 Al-alloy, (i) incoherent η precipitates, found on GB and Cu-239 
enriched and (ii) coherent η’, precipitated in the matrix and free from Cu. Interestingly, these two 240 
precipitates could have been readily distinguished from APT data, based on Ga segregation at 241 
their interfaces. This point is further detailed in the “Discussion” part, section 4.1. 242 

 243 

 244 

 245 

 246 

 247 
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 248 

Figure 5 presents a typical APT reconstructed volume of the Al/HEA nanolaminates. The Al layers 249 
being nearly pure aluminum, they are sensitive to Ga contamination during FIB preparation. 250 
Further investigations of Ga implantation in these Al layers are presented in Figures 6 and 7. 251 

 252 

 
Figure 5 : Typical APT data collected on the Al-HEA nanolaminates. Only Al, Co and Ni are represented, since there 253 
are overlaps between Cr, Fe and Al peaks. Al atoms, found in the Al layer are displayed in cyan. Co and Ni are 254 
represented in dark blue and orange respectively. They are found in the HEA layers, which will not be further 255 
investigated here as it is out of the scope of this work. 256 

The top view of an Al layer is shown in Figure 6. In this layer, Al atoms are displayed in cyan, Cu  257 
in black and Ga in red. The Cu enrichment is explained by the diffusion of Cu from the surrounding 258 
HEA layers during the sputtering process, favored by the negative mixing enthalpy of Cu in Al 259 
[41]. As expected from Cu and Ga, they tend to segregate on Al grain boundaries. However, a 260 

detailed comparison of Cu and Ga atom maps reveal that some Al boundaries, marked by the red 261 
arrows in Figure 6, are enriched in Ga but free from Cu. Thus, Ga contamination could be used 262 
to reveal grain boundaries in Al-based alloys from APT data, even if the grain boundaries are free 263 
from solute segregation. In the present case, Ga segregation in the Al layers can be used to 264 
determine the Al grain size with better accuracy than with Cu. 265 
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Figure 6 : Top view of an Al layer, revealing Cu and Ga segregation at Al grain boundaries. In-depth investigations 266 
reveal that Cu is found only in some of the grain boundaries, as marked by the red arrows. The remaining Cu-free 267 
grain boundaries are revealed by Ga contamination. 268 

Another Al layer is presented in Figure 7, in which a Cu and Ga segregated grain boundary can 269 
be observed. Detailed analysis of the grain boundary reveals that the segregation occurs along 270 
parallel lines in the grain boundary plane. This can be interpreted as a low angle grain boundary, 271 
which is characterized by a network of parallel dislocations [42–44]. Interestingly, when looking at 272 

the atom maps of Cu and Ga, it appears that Cu enrichment on the grain boundary does not allow 273 
visualizing the dislocation network, contrary to Ga segregation, in accordance with [37]. Once 274 

again, Ga provides more detailed crystallographic information readily from APT data, which can 275 
be used to refine the modeling of materials mechanical properties at small scales. 276 
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Figure 7 : Cu and Ga segregation at a low-angle grain boundary. Top view of the Al layer evidences Cu and Ga 277 
segregation on a grain boundary. Orthogonal visualization of the GB evidences a dislocation network in the GB plane, 278 
demonstrating that the GB is a low-angle one. The dislocation network is evidenced solely by Ga atoms, not by Cu.  279 

 280 

 281 

282 

The results from the present work reveal interesting insights regarding Ga contamination, due to 283 
FIB preparation, around precipitates in a 7075 Al-alloy. As evidenced in Figure 1, numerous Mg 284 
and Zn rich precipitates are found in the APT tips. They are distributed homogeneously in the Al 285 
matrix but also located on crystalline defects, such as grain boundaries (Fig. 1 and 2). The latter 286 
precipitates are slightly enriched in Cu (Figures 3 and 4). In accordance with results available in 287 
the literature, and confirmed by TEM observations presented in Figure 4, these are η / η’ 288 
precipitates [23,40]. It was demonstrated that η precipitates are stable, whereas η’ are metastable. 289 

These two precipitates can be distinguished by two aspects. From a crystallographic point of view, 290 
the metastable η’ are coherent with respect to the Al matrix, while the stable η precipitates lose 291 
their coherency with the Al matrix during heat treatments. Besides, from a chemical aspect, η’ are 292 
nearly exclusively composed of Mg and Zn atoms, while η precipitates can be enriched in solute 293 
atoms, notably Cu [45]. Thus, the MgZn rich precipitates observed in the Al matrix are η’ 294 

precipitates, since they are coherent with the Al matrix (Figure 4) and not enriched in solute atoms 295 
(Figure 3 and 4). However, the MgZn rich precipitates on the grain boundary are stable η 296 
precipitates, since they are incoherent with the Al matrix and slightly enriched in Cu. The presence 297 
of stable η precipitates on the GB is not surprising, as GBs and overall crystal defects act as 298 
diffusion short-circuits [46] and thus accelerate the transformation from η’ to η.  299 

Interestingly, the distinction between η’ and η precipitates could be directly deduced from APT 300 
data. On the one hand, concentration profiles of the GB precipitates reveal a copper enrichment 301 
inside the precipitates, which is characteristic of stable η precipitates, even though it could be 302 
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argued that the detected Cu inside the precipitates rather comes from segregated Cu on the grain 303 
boundary. On the other hand, Ga is detected only on the GB precipitates. The presence of Ga 304 
inside the precipitates, as seen in the concentration profiles (Fig. 4b and 4c), is highly unexpected, 305 
since Ga is a contamination coming from FIB preparation. Ga is most probably located at the 306 
interface between the precipitates and the matrix, but wrongly reconstructed inside the 307 
precipitates because of local variations in applied electric field and trajectory aberrations, due to 308 
the presence a grain boundary and a precipitate [1,15]. Yet, it appears rather surprising that Ga 309 
segregates only around the GB precipitates. This could rely on kinetic considerations: Ga does 310 
not diffuse fast enough to segregate around the matrix precipitate, contrary to the GB which acts 311 
as a diffusion short-circuit and thus allows for Ga segregation around GB precipitates. This 312 
argument is invalid since Ga is known to diffuse fast in Al alloys [47–49]. Moreover, Ga is not 313 

found around the matrix precipitates close to the tip surface, Fig. 3f.  314 

As a consequence, we conclude that Ga segregates only around GB precipitates for 315 
thermodynamic reasons, i.e. the interfaces of these precipitates are favorable to Ga segregation, 316 
contrary to the interfaces of the matrix precipitates. This conclusion is strengthened by TEM 317 
observations (Fig. 4) which show that the precipitate / matrix interfaces are different (coherent or 318 
incoherent) between the two types of precipitates. The results from the present work, in 319 
accordance with the ones available in the literature [50,51], provide evidence that GB precipitates 320 

exhibit an incoherent interface while the matrix precipitates have a coherent interface. This can 321 
be fully explained by generated lattice misfits, rather important in the case of incoherent 322 
precipitates, negligible when dealing with coherent interfaces [52]. Consequently, Ga cannot 323 

segregate at coherent interfaces, but will enrich incoherent interfaces.  324 

Based on these elements, it would be possible, solely from APT data, to draw major conclusions 325 
regarding the η / η’ precipitates in the APT tip. Since Ga is found segregated around GB 326 
precipitates, we can state that these precipitates are incoherent with the Al matrix, contrary to the 327 
matrix precipitates which are coherent. These crystallographic differences are deduced indirectly 328 
from chemical data, the segregation of Ga on the aforementioned interfaces. First, the 329 
identification of interfaces nature allows distinguishing η from η’ readily from the chemical data 330 
collected using APT. Second, considering that the interaction between dislocations and crystal 331 
defects (precipitates, grain boundaries …) depends on the nature of the interface [53], it is 332 

possible to enrich models of mechanical properties at the nano-scale based exclusively on the 333 
APT data. Therefore, we propose that Ga can be used as a tool to determine precipitates / matrix 334 
coherency readily from APT data, without complementary data analyses.  335 

Complementary results from the present work on a fully different material, namely the Al-HEA 336 
nanolaminates, demonstrate that is is possible to exploit Ga contamination during FIB preparation 337 
to indirectly access some other precise crystallographic data, such as grain boundary nature, or 338 
grain size. Indeed, on grain boundaries segregated by both Cu and Ga, we show in Figure 7 that 339 
Ga is the only element able to reveal the network of parallel dislocations, thus evidencing the 340 
exact nature of the interface, a low-angle grain boundary. Besides, it appears possible to 341 
determine a grain size, especially for multilayer or nano-crystalline materials thanks to Ga 342 
contamination. Even if GBs are not segregated by solute atoms (here Cu), Ga contamination 343 
allows revealing GBs, and thus estimating a grain size, at least in Al-based materials. Once again, 344 
these elements are deduced readily from APT data, without any supplementary experimental 345 
techniques. These results are therefore valuable for advancing material characterization and 346 
strengthening the input data for mechanical modeling [54]. 347 
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 348 

 349 

In this work, different Al-based materials are investigated using APT after contamination by Ga+ 350 
during FIB preparation. We demonstrate that this approach can be used as a tool to reveal precise 351 
microstructural information of the investigated material, readily from APT data. For instance, in a 352 
7075 Al-alloy, η and η’ precipitates, which only differ by their coherency with respect to the Al 353 
matrix, can be distinguished directly from APT data, based on Ga segregation. Indeed, Ga 354 
segregates only on the incoherent interfaces, corresponding to η, but coherent interfaces, 355 
corresponding to η’, are free from Ga. Moreover, in Al-HEA nanolaminates, more grain boundaries 356 
are revealed by Ga enrichment than by Cu segregation. Ga segregation at grain boundaries also 357 
highlights low-angle boundaries that are otherwise undetectable by APT. Overall, detailed 358 
crystallographic information can be obtained directly from the APT dataset, without 359 
complementary microscopy, allowing for improved microstructural characterization using a single 360 
experimental technique. 361 
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