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Abstract: Nickel layers with <100>, <210>, <110> and <211> fiber textures were 

electrodeposited from additive-free Watts type electrolytes by adjusting both the pH and the applied 

current density. Quantitative crystallographic texture analysis by XRD was supplemented by micro-

texture analysis applying EBSD. While XRD results correspond to absorption-weighted averages 

over the top part of the layer, EBSD on the cross section allowed studying the texture evolution as a 

function of distance to the substrate. Although layer growth started on amorphous substrates, 

implying that nucleation occurs unbiased by the substrate, often relatively strong fiber textures 

develop already at the early stage of growth. These fiber textures can further develop into other 

preferred fiber axis further away from the substrate. The experimental results demonstrate that 

already in an early stage of deposition there are major differences in the developing textures. The 

evolution of the substrate-adjacent textures into the texture of thick layers depends strongly on the 

deposition conditions. 

Keywords: Crystallographic texture, EBSD, Cross-section, Electrodeposition, Nickel, Watts 

electrolyte 

  



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

3 
 

1. Introduction 

Electrodeposition of nickel from Watts electrolyte [1] has been extensively used for decades and the 

influence of the electrodeposition parameters on microstructure and properties of the deposited 

nickel layers has been reported numerously. It has been shown that, for an additive-free Watts 

electrolyte, the following four major fiber textures can develop: <100>, <210>, <110> and <211> 

(where <uvw> denotes the fiber axis), depending on the combination of pH and applied current 

density [2]. Each of these textures is associated with characteristic microstructural features, surface 

topography, and material properties [3–12]. Understanding the formation of different 

crystallographic textures facilitates the optimization of electrodeposition conditions for tailoring the 

internal structure. It has been argued that the evolution of preferred grain orientations during 

deposition is mainly influenced by the substrate and the electrodeposition parameters (i.e. bath 

composition, electric potential, current density, temperature, agitation, etc.) [13–16]. On the basis of 

TEM investigation of electrodeposited copper layers, it has been proposed that, approaching from 

the substrate/deposit interface to the deposit/electrolyte interface, the texture of the electrodeposit 

can be divided into three zones: A, B and C [13]. In zone A the deposit is influenced by the 

substrate. For an amorphous substrate, no crystallographic influence can be exerted by the substrate, 

whereas a preferred orientation relation with the substrate can influence the texture of the deposit on 

a crystalline substrate. Zone B acts as a transition zone from zone A to C [13]. It has been proposed 

that zone B for an electrodeposit on an amorphous substrate is a mixture of randomly oriented 

grains and grains with an orientation similar to zone C [13]. The texture of zone C is mainly 

determined by the electrodeposition conditions. Various mechanisms have been proposed for 

explaining the texture of zone C [17]. For electrodeposition of nickel from an additive-free Watts-

type electrolyte, the growth of certain crystallographic planes has been suggested to be inhibited (or 

promoted) by the adsorption of chemical species, and is generally accepted as the underlying 
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mechanism for texture formation in zone C [16]. A <210> fiber texture forms at low pH and high 

applied current density. This suggests that gaseous H2 favors the development of a <210> fiber 

texture [16]. Based on the electrodeposition conditions under which <110> and <211> form, it has 

been proposed that adsorbed hydrogen, Hads, and Ni(OH)2 are the chemical species that promote the 

evolution of <110> and <211> fiber textures, respectively [16]. The <100> texture is considered the 

free mode of growth which forms when no chemical species inhibit the electrocrystallization 

process and the metallic surface is dynamically released from adsorbents [16]. 

The crystallographic texture of electrodeposits has been mainly studied by X-ray diffraction (XRD) 

analysis. This analysis technique averages over a surface of few mm
2
 with depth range of several 

micrometers. This can either be an advantage or a disadvantage. The advantage is that an average is 

obtained over a relatively large surface area. The major disadvantage is that an investigation of the 

depth-resolved evolution of the texture requires either a series of samples or destructive sublayer 

removal. The analysis of grain-orientation distributions in cross sections of electrodeposits by 

electron backscatter diffraction (EBSD) is an alternative technique to study the evolution of texture 

in the growth direction of an electrodeposit and simultaneously provides morphological 

information. The drawback of this technique is the relatively small surface area over which grain 

orientations are probed and the necessity of a high-quality, deformation-free cross sectional 

preparation. In the present work the four possible fiber textures evolving during electrodeposition 

from an additive-free Watts nickel electrolyte are investigated with cross sectional EBSD and 

supplemented with XRD analysis and transmission electron microscopy (TEM). 

2. Experimental  

2.1 Materials  
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Nickel electrodeposits were obtained from an additive-free Watts bath of composition 300 g dm
-3

 

NiSO4.7H2O, 35 g dm
-3

 NiCl2.6H2O, and 40 g dm
-3

 H3BO3. To avoid the crystallographic texture 

bias of the electrodeposit by substrate, a copper sheet (5×6 cm
2
 in size) coated with an X-ray 

amorphous Ni-P film served as substrate. Ni-P layer was deposited from a commercially available 

electrolyte, NIPOSIT™ 65R, for 80 min (≈10 µm in thickness). Ni-P auto-catalytic (electroless) 

deposition was achieved at relatively high temperature of 365K. Immediately after Ni-P deposition, 

the copper piece coated with Ni-P layer was cleaned with distilled water and immersed in the nickel 

electrodeposition electrolyte. The electrolyte temperature for nickel electrodeposition was kept at 

323K and the electrolyte was vigorously stirred using a rotating magnet during the deposition. The 

pH and applied current density for electrodeposition were varied to bring about different growth 

textures (Table 1). To reduce or augment the pH, small quantities of H2SO4 and NH4OH were added 

to the electrolyte. Since the deposition rate depends strongly on the applied current density, the 

deposition time was chosen such that identical charge transfer was achieved for all samples (see 

Table 1). It is noted that the identical charge transfer does not bring equal thickness of the deposit 

layer due to (i) the difference in cathode efficiency and (ii) the difference in the thickness profile 

across the cathode. Although the thickness of the deposits at the analyzed cross-section varies (see 

Table 1), in all the samples the layers were sufficiently thick to secure that the determined results of 

XRD texture analysis actually correspond to the texture dictated by the electrodeposition 

conditions, i.e. not covering the substrate-near region.  

Table 1: The electrodeposition conditions: applied current density, pH and time used for the various 

samples Suvw (uvw refers to the anticipated <uvw> texture). Bath composition, agitation and 

deposition temperature were identical for all samples. The sample thickness at the analyzed area 

using electron microscopy is listed too. 
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Sample name S100 S210 S110 S211 

Applied current density 

[A dm
-2

] 5 10 0.2 2 

pH 4.5 2.0 3.25 4.5 

Deposition time [min] 30 15 750 75 

Thickness [µm] 21 19 24 21 

 

2.2 X-ray diffraction texture analysis  

The nickel electrodeposits were investigated with XRD for quantitative crystallographic texture 

analysis. A Bruker AXS D8 Discover X-ray diffractometer equipped with an Eulerian cradle was 

used and operated with Cu-Kα radiation. For quantitative texture analysis, pole figures of 111, 200 

and 220 reflections were measured, applying sample rotation around the surface normal (azimuth 

angle φ, 0 ≤ φ ≤ 360
°
, step size 5

°
) and sample tilts (pole angle ψ , 0 ≤ ψ ≤ 75

°
, step size 5

°
). 

Measured intensities were corrected for background intensity and a Ni-powder standard was used to 

correct for defocusing, associated with tilting. Following [18], the complete 3D orientation 

distribution function was calculated. 

2.3 Sample preparation for microscopy 

The samples were prepared as cross-sections by mechanical polishing with a final step of 0.04 µm 

colloidal silica (OP-S, Struers). To ensure removal of the deformed layer originating from 

mechanical polishing, samples were further prepared by FIB milling with Ga
+
 ions at 30 keV in two 

steps. Firstly, about 700 nm were removed by applying an ion beam current of 2.8 nA (rough 

milling). Subsequently, an additional 50 nm were removed by milling with a current of 0.46 nA 
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(gentle milling). This preparation was optimized for the present samples, such that no artifacts are 

introduced into the cross sections to be investigated. 

For transmission electron microscopy, an electron transparent lamella specimen was prepared in an 

FEI Helios Nanolab
TM

 600  dual beam microscope, using an in-situ lift-out technique [19], in which 

30 kV Ga
+
 were used to the penultimate step. For the final step (removal of amorphous layer), 2 kV 

Ga
+
 with the current of 30 pA was applied with an incident angle of 7

°
, for both sides of the lamella 

for 10 min. The prepared lamella covers the whole thickness of the deposit and contains the growth 

direction within the plane of the lamella. 

2.4 EBSD 

EBSD measurements were carried out in an FEI Helios Nanolab
TM

 600 dual beam equipped with an 

EBSD system from EDAX-TSL and a Hikari camera. The measurements were performed with an 

electron probe current of 5.5 nA at an acceleration voltage of 12 kV, with step size of 25 nm. The 

OIM 5™ software was used for analysis of the EBSD results. Post-acquisition treatment was 

applied in the following steps. Firstly, the clean-up routine Confidence Index (CI) standardization 

was applied. In this routine the highest CI value of a point within a grain was assigned to all other 

points belonging to the same grain. A grain was defined as a region consisting of at least three 

connected points with misorientations less than 5˚. Thereafter, grain dilation was applied. For this 

cleaning procedure, the orientation of a point which does not belong to any grain was considered to 

correspond to the orientation of the majority of neighboring points belonging to one and the same 

grain. Finally, all the data points with CI< 0.1 were disregarded.  

For micro-texture analysis of the EBSD data the OIM 5™ software was applied. The position of the 

interface between substrate and electrodeposit is not obvious from the EBSD maps, because the 

grain size in the deposit close to this interface is smaller than the currently achievable resolution of 
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technique [20]. The position of substrate/deposit interface was therefore defined as follows. The CI 

value of the as-measured data (prior to cleaning) was averaged for all the points along lines at the 

same distance from the bottom of the map. The position of the interface was defined as the location 

where the thus averaged CI-value exceeds 0.1, i.e. the certainty of correct indexing was higher than 

95% [21]. By means of example, the averaged CI-value versus distance from the bottom of the map 

for sample S211 is shown in Fig. 1. Analogously, the position of the outer surface of the deposit 

was defined as the location where the average CI-value reaches a value below 0.1.  

To characterize the microstructure evolution in the growth direction, sub-maps were taken at 

intervals of 2 µm along the growth direction. The texture within each sub-map was assessed using a 

harmonic series expansion to the rank of 22, with a Gaussian half width of 3˚. 

2.5 Transmission electron microscopy 

TEM investigations were carried out at 200 kV on the prepared lamella using an FEI Tecnai T20. 

Ni-P substrate and nickel electrodeposit layer adjacent to the substrate were characterized using 

bright-field imaging and selected area electron diffraction.   

3. Results 

Texture evolution 

For the analysis of XRD texture results, the complete 3D orientation distribution function was 

calculated. Since the samples have a fiber texture with fiber axis parallel to the growth direction 

(GD) of the layer, the inverse pole figure (IPF) in GD fully characterizes the texture in the deposit. 

All XRD texture results are shown in Figs 2a-d. Sample S100 (Fig. 2a) has a major <100> fiber 

texture and a minor <111> fiber component. For sample S210 (Fig. 2b), the major texture 

component is <210>. In addition, two minor components close to <542> and <711> are also 
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identified. Samples S110 (Fig. 2c) and S211 (Fig. 2d) show single components of <110> and 

<211>, respectively. Orientation maps of the four samples as evaluated from EBSD data are 

presented in Fig. 3. The corresponding micro-textures are given in Figs 2f-i. A very good agreement 

is observed between the XRD texture (Figs 2a-d) and the EBSD texture results (Figs 2f-i). 

The evolution of texture in GD is characterized by dividing the EBSD map of each sample into 

smaller portions, each covering 2 µm in GD (cf. Fig. 4). For sample S100, which develops a <100> 

texture at the later stages of growth, the texture in the first 2 µm is of mixed character (a weak 

<511> component and a contribution of <111>). Ranging from 2-8 µm from the interface, the 

texture is close to <100>, with an intensity maximum at <X11> (with X between 5 and 8). For 

sample S210, the texture is weak close to the deposit/substrate interface. At a distance of 4 µm from 

the interface, the texture remains weak, although various components evolve. Further away from the 

interface a major <210> has developed, accompanied by two minor components, <542> and <711>, 

both originating from twinning of <210> [22]. This texture remains on further growth of the 

electrodeposit. Sample S110 has a very strong <100> texture at an early stage of growth (0-2 µm 

layer from the interface), but this changes significantly at 2-4 µm from the deposit/substrate 

interface. In the growth direction, a <110> texture evolves with distance to the interface, and 

becomes strongest at the surface. Similarly, also for S211 in the first few microns a <100> texture is 

present, albeit weaker than for S110 and now accompanied by <211>. Beyond 2 µm, the <211> 

texture is the only remaining component and its strength increases with distance to the interface.  

For all the samples, the texture evolves with increasing distance from the substrate interface by 

changes of both the type and the strength(s) of the fiber texture component(s) compared to the near-

substrate region. The distance from the substrate from where the texture remains unchanged and 

governs the overall fiber texture is different for the four samples. For sample S100 this is observed 
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in the range 8-10 µm from the interface; for sample S110 at 14-16 µm, for sample S211 at 2-4 µm 

and for sample S210 at 4-6 µm. 

Microstructure evolution 

As mentioned above, the interface between Ni-P substrate and electrodeposit cannot be 

characterized using EBSD. Hence, TEM with superior resolution to EBSD is applied to characterize 

the early stage of growth. As shown by means of example for sample S210 in Figs 5a and d, nickel 

grains of few tens of nanometer in size, from on the Ni-P substrate. The selected area electron 

diffraction pattern (Fig. 5b) of an area of the deposit close to the substrate shows a typical pattern of 

randomly oriented FCC crystals. Additionally, selected area electron diffraction pattern of the 

substrate shown in Fig. 5c, reveals that Ni-P is a significantly disordered, low crystalline phase, 

hence, cannot bias the electrodeposition. 

The orientation maps in Fig. 3 show remarkable differences for the various deposition conditions. 

For S100 (Fig. 3a) and S211 (Fig. 3b), for which only the applied current densities during 

deposition was different, a major difference in the microstructure is the occurrence of grain 

boundaries. For S211 grain and twin boundaries are more or less parallel to the growth direction, 

while for S100 the twins are inclined with respect to the growth direction (see in this respect also 

Ref. 12, where ion channeling images of these microstructures were presented). Reducing the 

applied current density to a very low change transfer (i.e. growth) rate, while simultaneously 

reducing the pH, leads to the microstructure S110 in Fig. 3c. A peculiar feature is the abrupt change 

from <100> oriented grains adjacent to the nanocrystalline zone A, to a gradually reinforcing 

<110> texture. This microstructure does not reflect growth selection within the first 10 µm as for 

the other microstructures, but rather is the result of repeated nucleation. In addition, several grains 

are inclined with respect to the growth direction; very few grains reaching the surface can actually 
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be traced back to the zone with the <100> texture. Finally, the microstructure developing at the 

highest charge transfer rate is S210 in Fig. 3b. Here the columns are internally twinned in such a 

way that 5-fold grain junctions develop in the cross section (see also [22]). 

4. Discussion 

The electrodeposition conditions applied in this study were chosen such that four major fiber 

textures evolved (cf. Fig. 2). A comparison of the XRD-measured texture, shown in Figs 2a-d, 

which represents an average over a volume of several mm
3
, with micro-texture analysis by EBSD in 

Figs 2f-i, which represent an average over a volume of about 20 µm × 20 µm × 20 nm, shows a 

very good agreement between the two techniques. Thus, the texture analysis by EBSD is 

representative for the microstructure, despite the considerably smaller volume analyzed and the 

associated poorer crystal statistics for texture assessment as compared to the XRD analysis.  

XRD analysis is traditionally used for the texture determination in Watts-bath nickel 

electrodeposits. If the deposit is relatively thick, thin transition zones of ~2 µm for samples S211 

and S100 and ~4 µm for S210 can be overlooked, as seen in the present study for XRD texture in 

the mentioned samples, cf. Fig. 2. Cross-sectional characterization of deposits using EBSD has 

previously been applied on various materials [29, 30] including nickel [4, 22, 28]. However, micro-

texture information [31] is rarely obtained. For the investigations that EBSD micro-texture is 

obtained [32], the investigation of the various stages of deposition is not carried out. This is despite 

the importance of different texture components on the properties of electrodeposits [33, 34].  

Sample S110 has a very strong <100> fiber in the first 2 µm from the interface, but changes to a 

<110> towards the sample surface. For sample S100, close to the interface, a double fiber texture 

with <111> and <511> fibers parallel to the growth direction is present, but disappears while a 

<100> texture develops. For samples S211 the final fiber texture component is already present in 
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the substrate-adjacent region together with a <100>, which vanishes while the strength of <211> 

increases. Similarly, sample S210 already contains a <210> fiber texture in the substrate-adjacent 

region. The observed texture evolutions clearly indicate that the three zone model [13] is too 

simplistic to accurately describe the evolution of the growth texture in nickel electrodeposited from 

an additive-free Watts electrolyte. The main shortcoming of this model concerns the transition zone 

(B), where a weaker fiber texture is predicted than in zone C. Based on the current results it is 

evident that the transition zone between the substrate-controlled zone A and the electrodeposition-

controlled zone C, depends strongly on the electrodeposition conditions and the growth mode 

developed in the early stage, perhaps even in the nanocrystalline layer. The transition zone becomes 

of particular practical importance for relatively thin deposits. 

It is not possible on the basis of the present results to provide a full explanation for the developing 

microstructures and textures, because essential information on the inhibiting (or promoting) effects 

of species developing during electrodeposition and adsorbing at the advancing deposite/electrolyte 

interface are inaccessible. Regardless of this fact, based on the results provided above, inhibition of 

chemical species has shortcomings for explaining the experimentally observed transition zone 

texture, especially for sample S100 where a <111> fiber component is present at the early stage of 

growth. Based on inhibition of chemical species, formation of <111> fiber requires a very strong 

inhibition [16]. In the case of Watts nickel, <111> fiber texture cannot be achieved unless organic 

chemical compounds such as 2-butyne-1,4-diol are added into the electrolyte [12,16,35]. Thus, it is 

highly unlikely that any chemical species present in the additive-free Watts electrolyte at any stage 

of growth be able to exert <111> texture. Additionally, due to the very small grain size forming on 

the Ni-P substrate (see Figs 5a and d), the actual surface area at the very early stage of growth is 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

13 
 

very high
1
, and as the deposit grows the interfacial area decreases. Hence, inhibition intensity 

increases as the deposit grows. Accordingly, if inhibition mechanism is solely concerned, for 

sample S100, at early stage of growth where inhibition intensity is low, <111> forms (which 

requires very high inhibition) and at later stages free mode of growth <100> prevails. This is 

contradictory and one can conclude that mechanism(s) other than inhibition should also play a role 

in the texture formation of the transition zone. 

It is well-known that the energy minimization of nanocrystalline materials brings about formation 

of different texture components [25]. When the inherent nanocrystalline nature of the deposit is 

concerned, minimization of strain and/or interfacial energy contributions eventually results in the 

evolution of <100> fiber or <111> fiber [25]. Including the influence of grain size provides a better 

explanation/speculation on possible mechanisms playing a role in texture development as provided 

below. 

At the very early stage of growth (zone A), as shown in Figs 5a and d, the size of grains 

neighboring the Ni-P substrate is below the physical resolution of EBSD at the applied experimental 

conditions, i.e. ~ 30 nm×90 nm×10 nm [20]. In agreement with literature, an amorphous substrate 

(see the selected-area diffraction pattern of Ni-P substrate Fig. 5c) is anticipated not to exert a 

crystallographic bias on the nucleating electrodeposit [13, 23, 24] and randomly oriented nickel 

crystallites should develop, irrespective of the electrodeposition conditions (Fig. 5b). Accordingly, 

as compared to later stages of electrodeposition, an inhibiting effect of adsorbed species 

(developing) in the electrolyte requires a large concentration of these species in relation to the total 

amount of deposited nickel. If the concentration of inhibiting species at the cathode surface is 

sufficiently high, the strength of fiber texture will gradually increase into that imposed by the 

                                                           
1
 Assuming (i) square base pyramid grains with height and base edge length of 20 nm and (ii) cathode of 5×5 

cm
2
, the actual surface area is ~1.4×10

13
 times larger than the nominal area of 25 cm

2
. 
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deposition conditions (i.e. zone C). An example is observed for sample S210. On the other hand, if 

the concentration of inhibiting species at the cathode surface is low, the inherent nanocrystalline 

nature of the deposit determines the developing texture in zone B. For relatively fine grains, the 

balance between the reduction of strain
2
 and interfacial energies (the combination of grain boundary 

energy and surface energy) governs the growth rate of different grain orientations. Then, the 

outcome of this energy balance in competition with the charge transfer rate, i.e. the nickel 

deposition rate governs the evolving texture. For dominance of strain energy minimization, the 

<100> fiber develops, as for samples S110 and S211. For dominance of interfacial energy 

minimization, the <111> fiber develops, as observed in sample S100.  

For S100 the <111> fiber in the transition zone is accompanied by its twin counterpart, the <511> 

fiber. A similar texture evolution has been reported for the electrodeposition of a copper oxide [26]. 

For low to medium stacking-fault-energy FCC metals twinning has been demonstrated to bring 

about a change in texture during electrodeposition [27]. The occurrence of twinning is the 

consequence of favorable nucleation of new crystals on dense packed planes. The twin counterpart 

of a <100> fiber, i.e. <221> fiber, was not experimentally observed in this study nor in a similar 

experiment for nickel sulfamate electrolyte with <110> texture (see Fig. 2 in [28]).  

Eventually, the grains grow in size, and hence, strain and surface energy minimization become of 

less importance. Moreover, the actual surface area of the cathode decreases, and finally, inhibition 

by adsorption of (developing) species in the electrolyte can become more effective and zone C 

evolves. 

5. Summary and Conclusions 

                                                           
2
 The combination of defects within the grains such as vacancies and self-interstitials and inter-crystalline 

features such as triple lines. 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

15 
 

Nickel layers with <100>, <210>, <110> and <211> fiber textures were electrodeposited onto 

amorphous Ni-P substrates from additive-free Watts type electrolytes by adjusting both the pH and 

the applied current density. The method for characterization of the micro-texture evolution of nickel 

deposits using cross-sectional EBSD measurement as presented in this work can in principle be 

applied to other systems with evolving texture. 

It was demonstrated that the texture as determined with X-ray diffraction texture analysis over a 

relatively large volume gives similar results as texture analysis by EBSD in the depth range where 

the X-rays have probed the crystallites, thereby validating the determination of texture evolution as 

a function of distance to the substrate in a cross-section over the deposit. 

It is pointed out that the transition zone from substrate controlled (zone A) to deposition controlled 

(zone C) growth, is strongly dependent on the conditions at the cathode surface. Further, it is 

speculated that if the concentration of inhibiting species present in the electrolyte, or developing 

from the electrolyte during deposition, is low, the nanocrystalline nature of the deposit dictates the 

texture. If interface energy minimization is dominant or strain energy minimization is dominant, 

textures with <111> and <100> fibers develop, respectively. Texture components can be 

accompanied by their twinning counterparts. 

For Watts-nickel deposits, samples with <110> and <211> fiber textures in zone C, the transition 

zone is interpreted to be mainly controlled by strain-energy minimization. For samples with 

dominant <210> and <100> fiber textures respectively interfacial energy minimization and repeated 

twining are believed to govern the texture evolution. 
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Figure captions: 

Figure 1: average confidence (CI) index vs distance from bottom of the measured EBSD data map 

for sample S211.  

Figure 2: The inverse pole figure (IPF) in growth direction (GD) obtained by XRD measurements 

for sample (a) S100, (b) S210, (c) S110, and (d) S211. (e) The iso-density levels of XRD texture 

data. The micro-texture represented by inverse pole figure (IPF) in growth direction (GD) for 

sample (f) S100, (g) S210, (h) S110, and (i) S211  based on the EBSD data. The corresponding 

orientation maps are shown in Figure 3. (j) The contour levels of EBSD micro-texture data. 

Figure 3: Orientation map, color coded in relation with the electrodeposit’s growth direction (GD) 

shown by an arrow in the legend; high angle grain boundaries are shown in black; (a) S100, (b) 

S210, (c) S110, and (d) S211.  

Figure 4: The IPF in growth direction (GD) for sub-maps made each 2 µm; covering from 

substrate/deposit interface to the surface of deposit. 

Figure 5: (a) Bright-field TEM image of sample S210 showing the Ni-P substrate and nickel 

electrodeposit fine grains formed at the very early stage of growth. (b) and (c) Selected-area 

electron diffraction pattern of the nickel layer and Ni-P substrate, acquired from the regions marked 

on (a) with circles. (d) Higher magnification bright-field image of the same sample. 
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Figure 2 
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Figure 3 

  



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

22 
 

 

Figure 4 

  



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

23 
 

 

Figure 5 
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Table 1: The electrodeposition conditions: applied current density, pH and time used for the various 

samples Suvw (uvw refers to the anticipated <uvw> texture). Bath composition, agitation and 

deposition temperature were identical for all samples. The sample thickness at the analyzed area 

using electron microscopy is listed too. 

Sample name S100 S210 S110 S211 

Applied current density 

[A dm
-2

] 5 10 0.2 2 

pH 4.5 2.0 3.25 4.5 

Deposition time [min] 30 15 750 75 

Thickness [µm] 21 19 24 21 
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Highlights 

 

Journal: Surface and Coatings Technology 

Title: Texture and microstructure evolution in nickel electrodeposited from an additive-free Watts electrolyte 

 Nickel layers with <100>, <210>, <110> and <211> fiber textures were electrodeposited. 

 Microtexture evolution of nickel deposits using cross-sectional EBSD is applied. 

 It is shown that transition zone from substrate controlled to deposition controlled growth, is strongly 

dependent on the conditions at the cathode surface. 

 It is pointed out that if inhibition intensity at the cathode surface is not sufficiently high the texture 

of transition zone is dictated by interface energy or strain energy minimization of nanocrystals. 


