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1. Introduction

At the present time, supercapacitors (SC) are a modern 
type of chemical power sources (CPS). They are used for the 
starting of electric motors of, for instance, electromobiles and 
pump stations, as starter SPC for combustion engines. SC are 
also used in uninterruptible power supplies for computers, 
medical equipment, critical infrastructure facilities. Hybrid 
supercapacitors possesses the best characteristics, owing to 
their high charge and discharge rates. In the hybrid superca-
pacitor, the electrochemical reaction at the Faradaic electrode 
occurs on the surface and in a thin layer of particles of active 
material. Thus, there are special requirements to the active 
material of the Faradaic electrode, regarding specific surface 
area, crystal structure and electrochemical activity [1, 2]. The 
active material of the Faradaic electrode should be mainly 
composed of nano- and submicron-sized particles with a high 

specific surface area. Nickel hydroxide is widely used as an 
active material for the Faradaic electrode of supercapacitors. 
Ni(OH)2 is used on its own [3], as nanosized [4] or ultrafine 
powder [5], and as a composite with nanocarbon material 
(graphene oxide [6], carbon nanotubes [7]).

Many methods have been developed for the synthesis of 
nickel hydroxide and nickel-based layered double hydrox-
ides [8]. Among chemical precipitation methods there are di-
rect chemical precipitation (slow addition of basic solution to 
a solution of Ni2+) [9] or reversed synthesis (slow addition of 
nickel salt solution to basic solution) [10, 11], and also two-
step high-temperature synthesis [12] or sol-gel method [13]. 
Electrochemical methods are also used for the synthesis of 
nickel hydroxides [14, 15], including synthesis in the slit 
diaphragm electrolyzer [16, 17]. 

Two structural modifications of nickel hydroxide have 
been described [18]. β-form (formula Ni(OH)2, brucite-like 
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Гiдроксид нiкелю широко використовується в гiбрид-
них суперконденсаторах. Високу електрохiмiчну актив-
нiсть проявляє α-Ni(OH)2, отриманий темплатним 
гомогеним осадженням. Можливим недолiком об’ємно-
го темплатного синтезу є включення темплату в склад 
гiдроксиду та вiдсутнiсть даних щодо впливу його залиш-
кової кiлькостi. Для зниження залишкової кiлькостi темп-
лату запропоновано використати метод багатократної 
промивки. Також було проведено порiвняльне вивчення 
впливу залишкової кiлькостi темплату та використан-
ня iснуючої кiлькостi темплату без введення зовнiшнього 
зв’язуючого. Для проведення дослiдження були отриманi 
зразки Ni(OH)2 методом темплатного гомогенного осад-
ження при використаннi в якостi темплату естеру целю-
лози Culminal C8465 з концентрацiєю 0,5 %. Структурнi 
властивостi зразкiв були вивченi методом рентгенофазо-
вого аналiза, розмiри та морфологiю частинок – методом 
скануючої електронної мiкроскопiї. Електрохiмiчнi харак-
теристики вивчались гальваностатичним зарядно-роз-
рядним циклюванням намазного електрода, виготовлено-
го як iз застосуванням 3 % зв’язуючого, так i без введення 
зв’язуючого, в режимi суперконденсатора. Виявлено, що 
при використаннi зовнiшнього зв’язуючого питомi ємно-
стi зразка iз високим залишковим вмiстом темплату 
дуже низькi через блокування активної поверхнi. При вико-
ристаннi цього зразка без введення зовнiшнього зв’язуючого 
питома ємнiсть пiдвищується в 1,8–18,4 рази. Зниження 
залишкової кiлькостi темпалату при однократнiй про-
мивцi збiльшило питомi ємностi зразку в незначнiй мiрi. 
Виявлено, що оптимальними є двух та трьохкратнi про-
мивки, при яких питомi ємностi зразкiв збiльшилися у 4,3–
53,9 рази, до 490 Ф/г i 50,7 мА·год/г. Збiльшення кiлькостi 
промивок (i вiдповiдно зниження залишкової кiлькостi 
темплату) призводить до зниження питомих характе-
ристик. Можливо це пояснюється наявнiстю оптималь-
ного вмiсту, при якому врiвноважується негативний вплив 
темплата iз блокуванням питомої поверхнi та позитив-
ний вплив зi стабiлiзацiєю нанорозмiрних часток гiдрокси-
ду. Висловлено рекомендацiю експериментально визна-
чати оптимальну кiлькiсть промивок для формування 
оптимального залишкового вмiсту конкретного темплату
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тез, гомогенне осадження, суперконденсатор, зв’язуюче, 
залишковий вмiст

UDC 54.057:544.653:621.13:661.13
DOI: 10.15587/1729-4061.2019.181020

Copyright © 2019, V. Kovalenko, V. Kotok

This is an open access article under the CC BY license  

(http://creativecommons.org/licenses/by/4.0)

Received date 13.08.2019 

Accepted date 03.10.2019 

Published date 31.10.2019



Eastern-European Journal of Enterprise Technologies ISSN 1729-3774 5/12 ( 101 ) 2019

30

crystal structure) and α-form (formula 3Ni(OH)2·2H2O, hy-
drotalcite-like crystal structure). β-Ni(OH)2 has high cycling 
stability and is widely used as an active material of accumula-
tors and supercapacitors. α-Ni(OH)2 has significantly higher 
electrochemical characteristics compared to β-Ni(OH)2, and 
can be used in supercapacitors more effectively. Thus, the 
development and optimization of synthesis methods for the 
preparation of highly active α-Ni(OH)2 are relevant problems.

2. Literature review and problem statement 

Synthesis method and conditions directly define the mi-
cro- and macrostructure of particles, which determine the 
electrochemical activity of nickel hydroxide. For effective 
application in supercapacitors, nickel hydroxide should have 
specific properties [19], particularly, it should be α-Ni(OH)2 
with optimal crystallinity and consist of submicron [5] and 
nanoscale [4, 20] particles.

During the formation of nickel hydroxide, the nucleation 
rate is significantly higher than the rate of crystal growth. 
Because of that, Ni(OH)2 is formed according to a two-stage 
mechanism [21]: very fast first stage – formation of the ini-
tial amorphous particle; slow second stage – crystallization 
(aging) of the initial particle. This results in the formation 
of hydrophilic precipitate that contains a large amount of 
mother liquor. During filtering (especially under vacuum), 
the precipitate particles are pressed and caked during the 
following drying, which leads to a significant increase in 
particle size and decrease of their specific surface area. Two 
approaches can be used to prevent that:

1) use of synthesis method with low nucleation rate and 
very high rate of crystal growth;

2) addition of special compounds that would prevent the 
merging of initial particles. 

The first approach can be realized by means of homo-
geneous precipitation [22]. The principle of this method is 
the formation of OH- ions in the entire volume of reaction 
solution as a result of the thermal hydrolysis of ammine 
compounds (urea [23, 24], hexamethylenetetramine [25]). 
Homogeneous precipitation can be conducted in aqueous 
solutions and mixed solvents [26] or non-aqueous solutions 
like ionic liquids [27]. For the preparation of ultrafine or 
nano-sized Ni(OH)2, homogeneous precipitation should be 
conducted at elevated temperatures up to 150–180 °С. Miu-
crowave heating is employed for the same reason [28].

The second approach is realized by the application of sur-
factants [29, 30] or templates. The latter is so-called template 
synthesis, i. e. synthesis of the compound inside the matrix 
(template). This method is usually applied for the formation of 
coatings such as electrochromic Ni(OH)2 films [31], tripoly-
phosphate coatings [32] or direct formation of the Faradaic elec-
trode on the nickel foam surface [33]. This results in the forma-
tion of composite materials similar to polymer composites [34]. 
It should be mentioned that in this case, there is no need to 
remove the template. The paper [35] describes the application 
of water-soluble templates for the synthesis of nickel hydroxide. 

However, the most promising route is the combination of 
both approaches – the use of template homogeneous precipita-
tion. It should be noted that such a combined method of template 
homogeneous precipitation hasn’t been studied in detail. Tem-
plate for the synthesis of Ni(OH)2 in aqueous solution should 
correspond to specific requirements – be water-soluble, have 
affinity to nickel compounds and form a 3D matrix in solution. 

PEG6000 is used as a water-soluble template [36]. Polyvinyl 
alcohol (PVA) is also a promising template. PVA is used as a 
porosity-controlling agent in the synthesis of mesoporous alu-
mina oxide [37], hydroxyapatite crystals (along with sodium 
dodecyl sulfate) [38]. PVA is also used for the synthesis of MFI 
zeolite [39]; MgO for dye removal from wastewater [40], forma-
tion of single-layer [41, 42] and multilayer [43] hydroxide films, 
preparation of 3D-structured macroporous oxides and hierar-
chic zeolites [44], as well as for improving the adhesion of coat-
ings on the ITO surface [45]. The paper [46] describes the high 
effectiveness of cellulose ether Culminal C8465 as a template.

However, template synthesis has a significant disadvantage. 
After synthesis, it is of importance to remove the template. Dif-
ficulties with template removal lead to the whole template-free 
direction for the preparation of ultrafine systems, such as cal-
cium titanate [47] and zeolite ZSM-5 [48]. The paper [49, 50] 
describes the method for template-free synthesis of nanosized 
Ni(OH)2. For supercapacitor applications, the presence of the 
template in the active material can lead to partial blocking of 
the material surface, template oxidation, and other side-effects. 
From this point of view, it is of most importance to remove as 
much template as possible from active material, particularly 
from Ni(OH)2. Different methods are used to remove surfac-
tants and templates, including ozone oxidation [51]. However, 
when preparing the pasted supercapacitor electrode, a binder is 
added to the active mass [29] to prevent it from falling off from 
the current collector. However, the binder is an inert compo-
nent of the active mass, which lowers its specific characteristics. 
The paper [52] describes a negative effect of high amounts of 
template residue on supercapacitive properties of Ni(OH)2. 
So, the template should be removed or employed as a binder 
during the preparation of the pasted electrode (this possibility 
is described in [53]).

However, the conducted analysis did not reveal any in-
formation on the level of template residue at which a negative 
impact on electrochemical properties of nickel hydroxide is 
minimal. Additionally, there is promise in comparing electro-
chemical properties of Ni(OH)2 samples when removing the 
template and using it as a binder. Conducting study in this 
direction becomes necessary for finding the optimal character-
istics of active materials to be used in supercapacitors.

3. The aim and objectives of the study

The aim of the work is to study the electrochemical 
characteristics of nickel hydroxide with different amounts 
of template residue to obtain highly active supercapacitive 
Ni(OH)2.

To achieve the set aim, the following objectives were 
formulated:

– to synthesize nickel hydroxide samples via homoge-
neous precipitation with high template concentration, re-
move the template residue through multiple rinsing;

– to use the prepared Ni(OH)2 samples with different 
levels of template residue (different number of rinsing stages) 
for preparing pasted supercapacitor electrodes and studying 
their electrochemical characteristics;

– to use a comparative analysis of electrochemical char -
acteristics to determine the optimal number of rinsing stages 
for the preparation of highly active nickel hydroxide and 
determine the effectiveness of residual template in Ni(OH)2 
as an inner binder for the preparation of pasted electrode 
compared to the removal of excess template. 
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4. Materials and methods for synthesis and analysis of 
nickel hydroxide samples

4. 1. Preparation of main nickel hydroxide sample
For the synthesis of the reference Ni(OH)2 sample, homo-

geneous precipitation was employed, in which precipitation 
from nickel nitrate solution was induced by thermal hydrolysis 
of urea in the presence of high molecular weight water-soluble 
template Culminal C8465 with the concentration of 0.5 % (wt.) 
according to the method described in [53]. The amount of resid-
ual template was lowered through multistage rinsing (1, 2, 3 
and 4 times). On each rinsing stage, the samples were soaked 
in 1,000 ml of distilled water for a day, filtered and dried. The 
samples were labeled as follows: 0.5-R-3, where 0.5 – template 
concentration (0.5 % wt.), R – indicates rinsing; 3 – number 
of rinsing stages. The sample 0.5-R-0 – reference, no rinsing.

4. 2. Characterization of nickel hydroxide samples
The crystal structure of the samples was studied by means 

of X-ray diffraction analysis (XRD) using DRON-3 diffrac-
tometer (Russia) (Co-Kα, radiation, scan range 10–90° 2θ, 
scan rate 0.1°/s).

The shape and size of the particles were studied using 
scanning electron microscope 106 – I (SELMI, Ukraine).

Electrochemical properties of nickel hydroxides were 
evaluated by means of galvanostatic charge-discharge cycling 
in special cell YSE (USSR) using digital potentiostat Ellins 
Р-8 (Russia). The working electrode was prepared by pasting 
a mixture of nickel hydroxide (81 % wt.), graphite (16 % wt.) 
and PTFE as a binder (3 % wt. in terms of dry matter) [53] on 
nickel foam current collector [54]. To compare the effective-
ness of template removal and its usability as an inner binder, an 
electrode was prepared without introducing additional bind-
ers to the active mass. The sample was labeled as 0.5-R-0BF 
(BF – binder-free). Electrolyte – 6М KОН. Counter elecr-
trode – nickel mesh, reference electrode – Ag/AgCl (KCl sat.). 
Charge-discharge cycling was conducted in the supercapac-
itor regime at current densities of 20, 40, 80 and 120 mA/
cm2 (5 cycles at each current density). Discharge curves were 
used to calculate specific capacities Cspec (F/g) and Qspec with 
discharge to 0 V and full discharge.

5. Results of studying characteristics of nickel hydroxide 
samples synthesized with different contents of residual 

template

The results of XRD analysis (Fig. 1) reveal that the nick-
el hydroxide sample before multistage rinsing is α-Ni(OH)2 
with low crystallinity.

Fig. 2 shows SEM images of unwashed (0.5-R-0) and 4 
times washed (0.5-R-4) samples. It is noted that upon remov-
al of the template (higher number of rinsing stages), break-
down of particle agglomerates occurs, decreasing their size.

Fig. 3–6 show charge and discharge curves of different 
samples plotted as capacities. 

The charge-discharge curves reveal that when an external 
binder is used, the unwashed sample 0.5-R-0 (Fig. 3) has very 
low specific capacities. Multistage rinsing results in lower 
template content and higher specific capacities of the sam-
ples in the series “sample 0.5-R-0 (Fig. 3) – sample 0.5-R-2 
(Fig. 5) – sample 0.5-R-4 (Fig. 6)”. When the external binder 
wasn’t introduced (sample 0.5-R-0BF, Fig. 4), the specific 
capacity increased by two times. However, washed samples 

(with low binder content) have significantly higher capacities, 
despite the addition of external binder to the active mass.

Fig. 7, 8 show data on specific capacities of the samples in 
different charge-discharge cycling regimes.

In general, it should be noted that for all samples, an in-
crease of current density leads to an increase in specific capac-
ities. Another thing to note is that the sample 0.5-R-0, which 
wasn’t washed from the residual template and was introduced 
into the active mass using the external binder, at 20 mA/cm2 

demonstrated a very low specific capacity of 7.2 F/g (discharge 
to Е=0 В) and 0.7 mA·h/g (full discharge). With an increase of 
current density to 120 mA/cm2, specific capacities increased 
insignificantly. The discharge curves of this sample (Fig. 3) 
are sloped without pronounced plateaus, capacity increases 
with each subsequent cycle. Without an external binder, the 
sample 0.5-R-0BF demonstrated higher specific capacities, 
reaching 231–244 F/g at 80 and 120 mA/cm2. A decrease of 
template residue content (upon rinsing) significantly increased 
the specific capacities of the samples. However, subsequent 
one-, two- and four-stage rinsing had an insignificant effect on 
electrochemical activity. In the series “sample 0.5-R-1 – samp- 
le 0.5-R-2 – sample 0.5-R-3 – sample 0.5-R-4”, maximum 
specific capacities are demonstrated by the samples 0.5-R-2 
and 0.5-R-3. Thus, after double and triple rinsing, the con-
tent of residual template decreased and specific capacities of 
nickel hydroxide samples increases. However, further rinsing 
(further decrease of template content) leads to some decrease 
of specific capacities, especially at lower cycling current den-
sities. It should be noted that the specific capacity of the 
sample 0.5-R-0BF obtained from pasted electrode without 
external binder turned out to be lower after multistage rinsing  
(0.5-R-1, 0.5-R-2, 0.5-R-3, 0.5-R-4), obtained from the elec-
trode with 3 % PTFE as a binder. The maximum achieved spe-
cific capacities were 490 F/g (discharge to Е=0 В) and 292 F/g 
(full discharge) at 120 mA/cm2 (sample 0.5-R-3 – triple rinsing). 
These values are comparable to the world’s best samples [4, 5, 24].

 
Fig.	1.	XRD	pattern	of	nickel	hydroxide	samples	0.5-R-0 

 

  

Fig.	2.	SEM	images	of	nickel	hydroxide	samples:		
a –	0.5-R-0;	b	–	0.5-R-4

a b
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a b c

d e f

g h
Fig.	3.	Charge-discharge	curves	of	the	sample	0.5-R-0 at	current	density:	a,	b	–	20	mA/cm2;	c,	d	–	40	mA/cm2;	

e, f	–	80	mA/cm2;	g, h	–	120	mA/cm2

a b c

fd e

g h

Fig.	4.	Charge-discharge	curves	of	the	sample	0.5-R-0BF at	current	density:	a,	b	–	20	mA/cm2;	c, d	–	40	mA/cm2;	
e, f	–	80	mA/cm2;	g, h	–	120	mA/cm2
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a b c

fd e

g h
Fig.	5.	Charge-discharge	curves	of	the	sample	0.5-R-2 at	current	density:	a,	b	–	20	mA/cm2;	c,	d	–	40	mA/cm2;	

e,	f	–	80	mA/cm2;	g,	h	–	120	mA/cm2

a b c

fd e

g h
Fig.	6.	Charge-discharge	curves	of	the	sample	0.5-R-4 at	current	density:	a,	b	–	20	mA/cm2;	c,	d –	40	mA/cm2;	

e,	f	–	80	mA/cm2;	g,	h	–	120	mA/cm2
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6. Discussion of studying characteristics 
of nickel hydroxide samples with different 

contents of residual template

Influence of residual template on character-
istics of nickel hydroxide samples. The XRD pat-
tern presented in Fig. 1 revealed that the sample 
is α-Ni(OH)2. SEM images (Fig. 2, a) revealed 
the formation of particle aggregates when 0.5 % 
Culminal C8465 (sample 0.5-R-0) was used as 
a template. As a template, Culminal C8465, in 
addition to forming the 3D matrix, likely inter-
acts with synthesized hydroxide and expresses 
binding properties causing particle aggregation, 
especially at high concentration, which is in 
agreement with literature data [53].

Combined influence of template residue and 
external binder on the specific capacity of samples. 
The sample 0.5-R-0 (in pasted electrode with 3 % 
PTFE as an external binder) demonstrated rather 
low capacities at a current density of 20 mA/cm2 
7.2 F/g (discharge to Е=0 В) and 0.7 mA·h/g (full 
discharge). With an increase of current density to 
120 mA/cm2, specific capacities increased insig-
nificantly. Such low specific characteristics indi-
cate that the combined effect of residual template 
and external binder is negative, due to the blocking 
of the active surface of submicron hydroxide par-
ticles. This conclusion is in agreement with the 
characteristics of the sample 0.5-R-0BF, which 
was used in the pasted electrode with the addition 
of external binder. At 20 mA/cm2, the specific ca-
pacity of 0.5-R-0BF exceeded the specific capacity 
of the sample 0.5-R-0 by 18.3–18.4 times (132 F/g 
and 12.9 mA·h/g, in comparison to 7.2 F/g and 
0.7 mA·h/g). With an increase of cycling current 
density to 120 mA/cm2, the specific capacitances 
increase due to the breakdown of particle agglom-
erates. The capacity ratio of the sample 0.5-R-0BF 
and 0.5-R-0 decreased to 1.7–1.8 times. The dis-
charge curves of the sample 0.5-R-0BF (Fig. 4) 
have a more pronounced discharge plateau and 
higher charge-discharge stability.

Influence of the number of rinsing stages and 
content of template residue on characteristics of 
samples. SEM images revealed a sharp particle size 
decrease after 4-stage rinsing (sample 0.5-R-4, 
Fig. 2, b) in comparison to the unwashed sample 
(0.5-R-0, Fig. 2, a). Multistage rinsing results in a 
decrease of template residue. The paper [53] states 
that the Culminal C8465 template has binding 
properties. Therefore, a decrease in the template 
content by rinsing should result in lower binding 
properties and breakdown of hydroxide particle 
agglomerates after synthesis and decrease of parti-
cle size, which is supported by SEM images.

One-stage rinsing (sample 0.5-R-1) increased 
the specific capacities, but the effect of one-stage 
rinsing turned out to be lower than not using an 
external binder. Two- and three-stage rinsing in-
creases the specific capacities significantly more, 
the specific capacities reached their maximum 
value (Table 1). This is explained by lesser block-

Fig.	7.	Specific	capacity	of	nickel	hydroxide	samples	in	galvanostatic	
charge-discharge	cycling	(discharge	to	Е=0	В);		

а	–	Сspec,	F/g;	b	–	Qspec,	mA·h/g
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Fig.	8.	Specific	capacity	of	nickel	hydroxide	samples	in	galvanostatic	
charge-discharge	cycling	(full	discharge);		

а	–	Сspec,	F/g;	b	–Qspec,	mA·h/g
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age of active surface and even its increase due to the break-
down of particle agglomerates.

Table	1

Maximum	specific	capacities	of	nickel	hydroxide	samples

i, mA/cm2 20 40 80 120
max ,specC  F/g 388 357 432 490

max / ,spec specC C  (0.5-R-0) 53.9 7 4.6 4.3

Sample 0.5-R-2
0.5-R-2 
0.5-R-3

0.5-R-2 0.5-R-2

max ,specQ  mA·h/g 18.6 44.3 45.2 50.7

max / ,spec specQ Q  (0.5-R-0) 25.6 6.9 4.7 3.9

Sample 0.5-R-3 0.5-R-3 0.5-R-2 0.5-R-3

According to Table 1, the maximum increase of specific 
capacity is observed at a low current density of 20 mA/cm2. 
The increase of current density results in working through 
samples due to the breakdown of agglomerates formed by 
residual template. The agglomerate breakdown is more pro-
nounced for the unwashed sample 0.5-R-0. 

Following the found tendency for one-, two- and three-
stage rinsing, four-stage rinsing should further improve the 
specific capacity of the sample due to more complete removal of 
residual template. However, the specific capacities of the sample 
0.5-R-4 (four-stage rinsing) decreased in comparison to the 
sample 0.5-R-3. This result can be explained by the fact that 
initially formed particles are nano-sized, which is confirmed 
by the need for ultrafiltration membranes to filter this sample. 
These initial particles combine into agglomerates (groups of 
particles combined into one) and are stabilized by template resi-
due. Excessive removal of the template likely caused particles to 
stick to each other, thus lowering the active surface area.

The found optimal number of rinsing stages allows to 
further improve the technology of template synthesis of 
nickel hydroxide and the characteristic of the obtained prod-
uct by introducing the rinsing stage.

In summary, it can be said that the found influence of 
template residue is specific for Culminal C8465, which pos-

sesses significant binding properties. Other templates can 
have different properties towards synthesized compounds, as 
was experimentally found for polyvinyl alcohol [52]. There-
fore, the number of rinsing stages should be established 
experimentally for each template. 

7. Conclusions

1. The influence of Culminal C8465 template residue 
on the characteristics of nickel hydroxide samples prepared 
by homogeneous precipitation in the presence of 0.5 % wt. 
template was studied. The content of template residue was 
decreased by multiple rinsing. It was found that single rins-
ing increases the specific capacities of nickel hydroxide. The 
maximum values of specific capacities are characteristic for 
the samples after two- and three-stage rinsing (490 F/g and 
50.7 mA·h/g). The increase of electrochemical activity is 
explained by lesser blockage of the active surface at lower con-
tent of template residue. A decrease of specific characteristics 
was found when the template content was decreased further 
with four-stage rinsing. This is due to the aggregation of ini-
tially formed particles at the low content of template residue. 

2. Comparative analysis was conducted for the influence 
of decreasing the content of template residue upon rinsing (us-
ing an external binder in the active mass) and use of residual 
template as an inner binder without the use of external binder 
in the active mass. It was found that the unwashed sample in 
the active mass without an external binder increases its ca-
pacity by 1.8–18.4 times in comparison to unwashed samples 
in the active mass with 3 % of binder. However, the decrease 
of residual template after two-stage rinsing led to an increase 
of the sample’s specific capacity by 4.3–53.9 times (with 3 % 
of binder in the active mass). Thus, the optimal number of 
rinsing stages that results in the optimal content of template 
residue, which stabilizes the aggregates of nanosized nickel 
hydroxide particles, resulting in high specific capacities, was 
found for the Culminal C8465 template. An opinion was ex-
pressed regarding the necessity of experimentally establishing 
the optimal number of rinsing stages to form the optimal con-
tent of template residue for a specific template.
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