Structure

Changes and Formation

Of Bunsenite  (NIO) at Rearystalization

Of Electrolytically
By N. Atanassov

The structure of the electrolytically deposited Ni-Mn-S
layers was investigated after annealing at 45%C in air.
The stability of the layers with various preferred orienta-
tions is different and was related to the amount of NiO
(Bunsenite) in the layer. The <100> preferred orientation
has the highest affinity to the formation of NiO. The
degree of the preferred orientation, obtained through the
texture index TI, is of special importance. The dynamics
of the NiO formation shows that the maximum amount of
NiO is formed in the first 10 hr of the heat treatment. In
addition to the texture, special criteria for the degree of
recrystallization processes are the domain sizes an
microstrains. The amount of NiO formed is related to the
stability of the initial texture. The formation rate of the
NiO is reduced with each structural change. These result
lead to the conclusion that the information about the
changes in the texture and microstructure may lead to 3
better understanding of the recrystallization process.
This may facilitate the understanding of the mechanism
and the concrete problems in the practice.

As reported earlier, electrolytic growth of nickel layers fr
sulfamate electrolytes, with some of the additives contai
sulfur, was investigatet?. The properties of the layers, su
as microhardness, residual stress, wearing quality and d
ity depend on the deposition conditions and the cur,
density. It is known that applications of these layers
possible attemperatures lower than 2BMDifferent parts of
the tools €.g, gas laser and dies to cast zinc and zinc all
cannot be prepared by current electrolytic deposition t
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conditions influence the tensile strength and the hardness
characteristics. The possible influence of the phase content
bran the plasticity has been mentioned in only one of the
nirgference’ and no evidence is presented to support this
Cipossibility.
uctilnasmuch as our previous investigatigm the electro-
rdytic deposits made it clear that the structure that forms under
acertain growing conditions is of particular importance for the
properties of the deposited layers, effort was made to clarify
oys role in the Ni-Mn-S systems. By employing statistical
cebgression analysis of the explicit correlation between some

nigues®’ That is why it is necessary to improve the ther

af the structural parameters studied, the quantity of the

stability of the layers for general interest. The results of ottircorporated micro-impurities and the microhardness has
investigator$!! show that this problem can be solved |bpeen found®**It has been established for the first time that

using Ni-Mn and Ni-Mn-S layers, where the Mn conterthe values of the texture index could be used as an indication
should not be more than one wt percent. To date, the studiEthe status of the electrolytically deposited layers. One of
have been focused mainly on the effect that the formatithre major requirements for this type of layers is preservation,

or minimum alteration in their basic properties, over
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a large temperature range. That is the reason for our
investigations of the properties such as morphology
and structural characteristics at 480as well**It has
been established that in some sample groups, the
extent of the recrystallization process is different,
which is expressed by the texture and its texture
index. Onthe basis of this research, it may be assumed
that by varying the structure of the deposited layers,
it is possible to prepare systems exhibiting different
behavior after heat treatment.

To clarify the causes of these differences, the aim
of this study was to investigate structural changes, the
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Fig. 1—X-ray diffraction patterns showmg the increase in NiO content

of texture: Samples 1 and 3, <100> texture, 3830 and 2020 counts (ar
Samples 13 and 15, <110> texture, 190 and 150 counts.

112

possibility for eventual formation of new compounds
during the high-temperature recrystallization proc-

as afunctiggs, and the probable factors on which it depends.
bitrary units);
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Fig. 3—Relationship between NiO content and change of microgieal
during heat treatment.

Experimental ~ Procedure
Samples investigated were in the form of foils aboyrs0
thick. They were deposited from a typical nick
sulfamate electrolyte: 35 g/L boric acid and 80 g/L nig
(3 g/L as NiC] - 4HO), pH 3.6 to 4.0, CHT 0.1 resp. 0.4
L and manganese 5 g/L. Deposits were formed using d
current (DC) and pulsed current (pulse time 10 msec, con
speed 0.2 to 100 percent, average current dengityt®5 A/
dn?, pulse current densitéz 110 to 50 A/dr). Manganese
content was found by ASS, sulfur by combustion in oxyg
Vickers microhardness was determined with a load of 1
(HV 0.1). Ductility was observed by a mechanical bu
tester (ball diameter 8 mm, speed 7.3 mm/min), accordil
DIN 50102.

X-ray investigations were performed with a diffractome
equipped with an open asymmetric Eulerian cradle for s
and texture measurements. The measured intensity sc
the chosen reflections in Bragg-Brentano geometry was
in correlation with specialized software. As a standard
file, a corresponding profile of an electrodeposited nig
layer from a sulfamate electrolyte without additions aftg
heat treatment at 69C for two hr was used. The splitting
the line profile was done with the help of the Voigt analy,
By this method, it is assumed that the Cauchy compone
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Conditions,

Table 1

Layer

Components Before & After

Experimental

Composition

Layer Composition

Dependence of Amount of NiO from Deposition
& Texture
Heat Treatment

No. Dk Ip  CHT S Mn  Mn:S (0]
Aldm? g/L ppm wt % ppm
01 2.5 DC 0.1 150 0.14 9.3 150
A 02 5.0 DC 0.1 230 0.29 126 303
03 1.0 50 0.1 140 0.08 5.7 171
04 1.0 50 0.4 280 0.10 3.6 46
Bl 05 1.0 10 0.4 240 0.09 3.8 67
06 1.0 50 0.4 280 0.11 3.9 81
07 5.0 DC 0.4 600 0.45 7.5 160
08 5.0 10 0.4 340 0.39 115 117
nB2 09 25 50 0.4 250 0.31 124 114
10 5.0 50 0.4 320 0.46 144 419
11 2.5 50 0.4 290 0.44 15.2 241
12 5.0 DC 0.4 510 0.61 120 412
13 5.0 50 0.4 400 0.53 133 500
C 14 2.5 50 0.1 180 0.18 10.0 141
el 15 5.0 50 0.1 200 0.37 185 211
kel 16 2.5 DC 0.0 60 0.45 75.0 263
.g/ Texture Components NiO
Irect Initial Texture End Texture cts
tact-components Tl components Tl (a.u.)
<100> 6.95 <100> 6.89 3830
<100> 3.17 <100> 4.44 1900
en; <100> 8.16 <100 + 221> 3.20 2020
D0 p
|ge <100> 6.09 <100 + 221> 1.81 510
g to <100> 4.71 <100 + 221> 1.37 420
<100 + 221> 4.03 <100 + 221> 1.43 755
€, <100 + 221> 2.43 <111+ 100> 1.59 790
resS <100 + 221> 211 <111+ 100> 1.66 420
ale ok100 + 221> 210 <111+ 100> 1.69 320
used<100 + 221> 1.50 <111 + 100> 1.51 430
Pro- <100 + 221> 1.49 <111 + 100> 1.49 180
kel
sr a <100 + 221> 1.17 <110 + 100> 1.20 125
Of <100 + 221> 1.27 <110> 1.28 190
Sis. <100 + 221> 4.13 <110 + 411> 1.50 170
nt OI <110> 1.11 <110> 1.40 150
<110 + 411 +877> 1.52 <110+ 411+877> 211 315

microstraint*6

(a.u. = arbitrary units)

the profile is related to the coherent domain size and the
Gaussian contribution to the line width arising from the

only for samples not showing change of <100> texture during
treatment.
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For the X-ray determination of NiO content, the corrected
integrated intensity of the corresponding reflex was tised.
Here it was assumed that the irradiated layer volgrae
mm® was representative of the total layer volume investi-
gated. The integrated intensities of the NiO (111) peaks were
fitted to a Voigt function and the values are listed in Tables
1to 4 in. counts (arbitrary units).

The measurements of the fiber texture and the evaluation
of the preferred orientations were made according to the
reflection method of Schufzin the tilt angle rangg < 75°
from the reflections (111), (200) and (220). According to
Bunge®the quantitative computation of the texture index Tl,
e%measure of the sharpness of the texture, was found from the
three measured pole figures over the orientation distribution
function, ODF?
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Table 2
Dependence of NiO Content
Development

on Texture

No. Initial Texture End Texture NiO
Components TI Components Tl cts (a.u.)
02 <100> 3.17 <100> 4.44 1900
06 <100+ 221> 4.03 <100 + 221> 1.43 755
07 <100 +221> 2.43 <111 + 100> 1.59 790
14 <100 + 221> 4.13 <110 + 411> 1.50 170

(a.u. = arbitrary units)

Results & Discussion
In the course of the study, it was established that in h
treated Ni-Mn-S samples in air medium (20 hr, 481)

it was found that for the various samples, these quan
differed more than an order of magnitude and were withi
interval of 125 to 3800 cts. Thus, three main groups coul
identified (Table 1).

A) Samples with very high NiO content: more than 1900

C) Samples containing very small amounts of NiO: be
320 cts.
Under heat treating conditions, the layers from the first gr
do not change the texture components and the degr
texture sharpness. They have initial <100> texture wi
high texture index, TI. After heat treatment, these lay
contain the largest amount of NiO.

The second group layers can be divided into two S
groups: In the first, (B1) with a high texture index, the m
texture components change very slightly after a heat t
ment of 20 hr. The axis of the preferential orientation <1
is preserved, although the texture index Tl is significa
lowered and additional texture componemtg( <221>) are
formed.

As a result of heat treatment, samples from the se
group (B2) which initially have a significantly lower textu
index, change their texture components considerably.
gether with the initial <100> axis of preferred orientatior
new <111> axis is formed. This indicates that high temp
tures cause a sharp change in the number of domains ori
in the <100> direction. The NiO incorporated in samg
from the second group is considerably lower in quantity,
790 cts.) than that in group A. The lowest NiO quanti
(below 320 cts.) observed in samples form the third gr
which, after heat treatment, have a <110> basic fiber tex

The data in Table 1, showing the quantity of incorporsa
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Fig. 5—Relationship between NiO content and change of microstrain

different quantities of NiO were formed (Fig. 1). Moreove@é € only for samples not showing change of <100> texture during heat

: ttlzf'eeg\tment.

;g?ﬂ or crystallographic factors may be responsible for this

sotropic oxidation at higher temperatures. A decreasing
order of oxidation was observed from the different faces

Cl®.g, (100), (111) and (110)] of a single copper cry¥tal.
B) Samples with average NiO content: 320 to 790 cts.

Samples with the same initial <100> texture and near
Oifitial texture index are listed in Table 2. After the heat
treatment, different texture developmentis observed. Sample

ONP. 2 shows a maximum content of NiO. The <100> texture
e@ePhains intact during the annealing process. Sample Nos. 6

hafld 7 show a strong reduction of texture index as well as a
&eduction of NiO content. Sample No. 14 shows a total

change of texture: a <110> orientation with smaller texture

URdex and a very small amount of NiO was observed. In

Aeneral, the formation of NiO is impeded through the disori-

e@ftation of the <100> crystallites.

DO>
thole of Microstructural

Parameters
OnFormation of NiO
Table 3 shows the results of texture, texture index and NiO

CQishtent, domain size D and the microstediefore and after
I'theat treatment. The differend® and the ratioAe/e at

Tthfferent temperatures are also listed in the same table.
»Analysis of the results shows that along with the type and

Eiegree of texture (TI), the changes of the other structural
eBkRffacteristics may be recognized as a second important

legiterion for the structural transformation occurring during
_(i@crystallization. The large difference in the values of these
I&%¥ructural parameters for the various sample groups, before
OHRd after heat treatment, would serve as an important indica-
[uien for the degree of change in the structure of the layers
taslestigated.

oxygen during the time of electrolysis growth, reveal that Taple 3 also shows that the difference between the initial

oxygen is not related to the concentration of NiO be
formed at high temperatures. This means that the oxy

inghd final values of the averageas well as their relative
GeductionAe/e. The values are the smallest for samples from

necessary for the formation of NiO is additionally incorpyroup A in which the maximum quantity of NiO is incorpo-

rated into the layer, probably during the heat treatment

Role of Texture on Formation of NiO
The data in Table 1 show that most probably the diffe
textures possess different affinity for NiO formation. A
counting for the quantity of the NiO incorporated, it can
concluded that the <100> texture has the highest affinity

rated. During the annealing process, the domain size in these
samples changes slightly (Sample 1, from 618 to 957 A;
Sample 2, from 485 to 984 A), as well as the value of Tl for
'&hmple 1, for which the highest NiO quantity is determined.
CA relatively smaller quantity of NiO is incorporated in
®amples 2 and 3, in which there is a relative change in the

the formation of NiO and <110> the lowest. A correlatio

f@ftial degree of preferential orientation.
IS More significant changes were observed for samples from

observed between the reduction of the incorporated NiQ ajiéup B1. Although the initial <100> texture is preserved, the
the decrease of the <100>-oriented crystallites. The gegmg¥e of D(A) is changed more than one order of magnitude

114
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Table 3
Dependence of NiO Content on
Structural Parameters: Texture Components,

Table 4
Dynamics of NiO Formation
hr Heat Treatment,

after 5, 10, 20 &30
With Texture Orientation,

Domain Size & Microstrain Texture Index (Tl) and Amount of NiO
Texture Components No. As Plated 5 hr 10 hr 20 hr 30 hr
Initial Texture End Texture 02 Texture <100> <100> <100>
components TI components Tl Tl 3.17 4.44 6.62
01 <100> 6.95 <100> 6.89 NiO (a.u.) = 1900 1860
A 02 <100> 3.17 <100> 4.44
03 <100> 8.16 <100 + 221> 3.20 06 Texture <100+221> <100+221><100+221>
Tl 4.03 1.43 1.58
04  <100> 6.09 <100 + 221> 1.81 NiO = 755 760
B 05 <100> 4.71 <100 + 221> 1.37
06 <100 + 221> 4.03 <100 + 221> 1.43 08 Texture <100+221> <100+111> <111+100> <111+100>
Tl 211 1.29 1.35 1.65
07 <100 + 221> 2.43 <111 + 100> 1.59 NiO - 230 420 420
08 <100 + 221> 2.11 <111 + 100> 1.66
C09 <100+221> 2.10 <111 + 100> 1.69 10 Texture  <100+221> <100+111> <111+100> <111+100>
10 <100 +221> 1.50 <111 + 100> 1.51 Tl 1.50 1.22 1.32 1.51
11 <100+ 221> 1.49 <111 + 100> 1.49 NiO = 190 390 430
Domain Size Microstrain NiO 13 Texture <100+221> <110> <110>
Initial End Initial End Ae Agle cts Tl 1.27 1.28 1.39
A A 10° % (a.u.) NiO - 190 2.15
618 957 1.95 1.85 0.10 5 3830
485 984 251 225 026 10 1900 15 Texture <110> <110> <110>
724  >2000 1.98 124 0.74 37 2020 Tl 1.11 1.4 1.55
NiO = 150 170
588  >2000 219 1.09 1.10 50 510
507 >2000 234 106 128 55 420
373  >2000 263 105 158 58 755 originates from many factors. Figures 4 and 5 show correla-
tions, therefore, between the NiO formation withandAe/
214 >2000 367 110 257 71 790 € only for samples, which do not change their <100> texture
189 >2000 398 109 289 73 420 | duringthe heattreatment(Table 1, groups Aand B1). Alinear
196 >2000 401 106 294 75 320 | relationship (f=0.75 and 0.77) demonstrates that the struc-
AT A SAVEE T 430 | tural changes affect the NiO formation process during the
164  >2000 426 132 294 70 180

(a.u. = arbitrary units)

(over 2000 A) and it cannot be measured by X-ray meth
Subsequently, a considerable reduction of microstesin

from 1.1to 1.6A¢/e approximately 55 percent) and decre
in Tl take place. As mentioned above, these changes

definite indication of a significant transformation of t
initial structure and confirm the occurrence of a consider
degree of recrystallization. For these samples, the incq

rated NiO quantity decreases from 420 to 755 counts.
As a result of heat treatment, the samples from grou

change their initial <100> to <100 + 111> orientation.

domain size exceeds 2000 A and cannot be determined
ray methods. The reduction of the average deformati
compared to that of the previous group is even lafggfr¢m
2.3to 3A¢/e approximately 70 percent), which indicates t
samples of this group have stronger recrystallization

cesses. The quantity of NiO formation will be even sma|
The curve between the NiO content as a function of

microstraine (Fig. 2) shows that there is no simple dep|

dence of NiO formation on the structural defects. Figure
5, however, confirm our suggestions about the role of

change ot with thermal treatment. There exists unambi
ously a strong dependence between the amount of
formed and the degree dfe (Fig. 3). The exponentig
relationship can be interpreted such that the NiO forma

June 1998

thermal treatment.

From these results, it may be concluded that changes in the
initial state of the deposits impedes the formation of NiO; and
the amount of NiO formed is maximum when the initial state
odsretained. The change of microstructural parameters may be
(considered as a second important criterion other than texture
asnd texture index, which can be used to characterize the
areaystallization process in the deposits.
he
alidgnamic of Heat Treatment
rg@ obtain additional information about the ongoing pro-
cesses at high temperatures, experiments were performed to
D BRidy the dynamics of NiO formation, depending on the time
haf treatment. From the results presented in Table 4, it is clear
byhéat the main NiO quantity is formed during the first 10 hr of
prihe heat treatment. Further heat treatment does not cause
significant change in the NiO quantity. It should be empha-
hatzed that this dependence is valid for various texture types.
prurely, as proved above, as a result of the different affinities
Idar oxygen exhibited by the various textures, the absolute
tiaalue of the incorporated NiO varies by more than one order
ef magnitude, depending on the type of texture.

s 3-The fact that the main quantity of NiO formed during the
thiest hours of heat treatment agrees with our previous obser-
jwations, reveals that the texture and its degree of texture index
Nifange in a similar way with the time of heat treatment. This

| analogous behavior can be regarded as an indirect confirma-
tiban of our assumption that there is a synonymous correlation
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between the quantity of NiO formed and the texture typ

It should be noted that in some cases, further heat
ment, although the texture index Tl increases, does not
the quantity of NiO already formed. It can be assu
therefore, that the domains additionally oriented in the <1
crystallographic direction show increased affinity for N
formation, but they are not able to incorporate more ox
from the medium for further reaction to form NiO. It see
that in the first hours of heat treatment, the numbe
domains with this <100> orientation is decisive for
formation. Probably the incorporated NiO blocks furt
access to oxygen in the layer and the subsequent recry:
zation processes cannot contribute to the additional fo
tion of NiO.

Possible  Altemative

The data discussed and the conclusions raise a signi
guestion: Isit possible that the different quantity of NiO is
aresult of the different degree of transformation of the la
having initial texture <100>, as supposed here, but

consequence of different stability? It may be assumed tha
formation of large amounts of NiO stabilize the deposits v
high <100> texture index, but Sample 3 (Table 3) shows
despite large amounts of NiO with high texture index,

recrystallization process is not stopped. The structural tr
formation, the change of texture and microstructure, pro
at high speed. On the other hand, the content of NiO for
inthe deposits with <110> texture is of no significance. Th
deposits (Samples 15 and 16, Table 1) remain stable
respect to the texture and microstructure. These results
cate unambiguously that the formation of NiO is the cor
quence and not the cause of the formation of a definite te
from high-temperature treatment.

Findings

The following main conclusions can be drawn from th

investigations.

1. The quantity of incorporated NiO depends (a) on
texture type and the degree of perfection, and (b) or
grade of recrystallization. In this case, (b), defects
impurities make the structure even more unstable
there is an easy transformation to other textures
possess less affinity for NiO.

. The formation of NiO is a consequence and not a cau
the formation of a definite texture. The results show

the processes at high temperatures are complicated,

recrystallization process cannot be understood withg
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