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substrates like the surfaces of the polymer plastics [4].
Although nickel, gold and copper coating layers can also be
applied on polymer plastics as in the technique of gilding,
one of the most common and not/no hazardous electroless
plating methods on polymer plastics for foods and drugs is
electroless silver plating because of the low electrode
potential (φθAg+/Ag = 0.7996 V, 25℃) [2, 5-9]. By an autocatalytic chemical technique unlike electroplating as well,
the electroless silver plating is to deposit the silver coating
layer of Tollen-Reducing agent on the solid surface of the
plastics. The process performed on the presence of a
reducing agent of glucose (especially aldehyde groups)
which deoxidizes the silver ions to deposit silver on nonconductive plastic polymers [10-12].
It is well known that polyethylene (PE) as one of the
most common thermoplastic plastics with most having the
chemical formula (C2H4)n consists of long hydrocarbon
chains. Due to differing in terms of the value of n, PE is
usually considered as the mixture of similar organic
compounds and classified into several different categories
based mostly on its density and branching. The end-use
temperatures of PE are usually ranged from -60℃ to 120℃
for preventing chemical and radical damages by strong acids
or strong bases, gentle oxidants and reducing agents, and
irradiations of sunlight and microwaves [13, 14]. PE for both
rigid containers and plastic film applications such as
membranes is ordinarily with the high degree of short and
long chain branching, meaning that the chains do not pack
and have strong intermolecular forces of the instantaneousdipole induced-dipole attraction resulting in a lower tensile
strength and increased ductility [13, 15]. Therefore, the less
intermolecular force may be one of the pathways that lead
the surfaces of PE membrane roughened by the mechanical
friction and chemical corrosion to possibly make metals
deposited (especially for electroless silver plating)
respectively by the processes of impregnation, brush and
spray. Thus by chemical and mechanical roughening, those
electroless processes can be involved for silver film coating
easily with the help of the actions of Tollen-Reducing agent
with the different fastnesses and conductivities on the PE
membrane surfaces. Those outcomes are logical and obvious
on the electroless silver plating by the different coating
processes.

Abstract—The comparisons of fastness of the different coating
processes of electroless silver plating on polyethylene
membrane surfaces were investigated. The average fastness
values of the impregnation (from 2.0 ± 0.5 in I3-1 to 4.0 ± 0.5 in
I2-1), the brush (from 4.0 ± 0.3 in B3-1 to 4.5 ± 0.3 in B2-1) and
the spray (from 2.0 ± 0.3 in S3-1 to 4.0 ± 0.3 in S2-1) with
adding the Tollen agent first and then the D-glucose which
were more efficient processes (Figure 1) on fastness were 3.2 ±
0.7 (TR-1), 4.2 ± 0.8 (TR-2) and 3.0 ± 0.6 (TR-3), compared
with those of the impregnation (the average fastness value of
3.7 ± 0.7 in RT-1 from 3.5 ± 0.3 in I1-2 to 4.0 ± 0.3 in I2-2), the
brush (the average fastness value of 4.5 ± 0.8 in RT-2 from 4.0
± 0.3 in B1-2 to 4.5 ± 0.3 in B2-2) and the spray (the average
fastness value of 3.3 ± 0.4 in RT-3 from 2.5 ± 0.3 in S3-2 to 4.5
± 0.3 in S2-2) with adding the D-glucose first and then the
Tollen agent, and those of the impregnation (3.5 ± 0.3 in MS-1),
the brush (4.5 ± 0.5 in MS-2) and the spray (3.0 ± 0.2 in MS-3)
with the mixed solutions, respectively. Meanwhile, both the
fastnesses of the D-glucose firstly and then the Tollen agent
(Figure 2) and the fastnesses of the mixed solutions of the
Tollen agent and the D-glucose (Table II) were not much
different. The highest and lowest average fastness values of
coating silver by different processes were the spray processes
and the brush processes, respectively. Thus, the optimized
coating processes of the electroless silver plating were the
spray processes by adding the Tollen reagent and then the Dglucose to promote the adhesive values between the surfaces
and silver element for the human beings health and the
environment safety.
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electroless

plating;

INTRODUCTION

Different from electroplating without use of external
electric current through the solution and known as nongalvanic chemical plating, electroless plating in aqueous
solutions is one of plating methods with several advantages
versus electroplating such as free from flux-density and
power supply issues providing an even deposit regardless of
work-piece geometry and with the proper pre-plate catalyst
depositing on non-conductive surfaces [1-3]. The several
simultaneous electroless plating reactions are carried out
when hydride ions from reducing agents (normally glucose)
are released by producing negative charges on the solid
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Most modern anti-bacteria methods are to use several
modifications of various compounds, classified on the basis
of chemical/biosynthetic origin into natural agents like sorbic
acids, organic agents like quaternaries, and inorganic agents
like silver and its ion [16, 17]. Those compounds are used to
kill bacteria by bactericidal agents and slow down or stall
bacterial growth by bacteriostatic agents according to their
biological effect on microorganisms of biological activities.
The well known inorganic agents are probably silver and its
ion because of the safety to human beings in whole blood,
plasma, serum, and urine. Consequently, silver added to
reduce odors and the risk of bacterial and fungal infections
can be used in foods and drugs embodying its use as an
antibiotic coating in devices and containers [17]. Sometimes,
silver can also inhibit the growth of bacteria and fungi on
plastics, such as cling films and preservation bags. With
applications in foods and drugs, fastness referring to the
tendency of similar or identical particles or surfaces to cling
to one another is very important. The forces of fastnesses can
be named of chemical adhesion, dispersive adhesion and
diffusive adhesion which are the intermolecular forces
responsible for the function of various kinds of stickers and
sticky tape into the categories [18, 19]. Among the
cumulative magnitudes of these intermolecular forces,
chemical adhesions of electroless coatings on PE membranes
in general are most acceptable when the silver films and its
ions adhere to the PE surfaces by ionic, covalent, hydrogen
bonds and the network of those bonds [6, 15]. It is mentioned
that those attractive ionic and covalent forces are effective
when the surfaces and the electroless coatings with the
potential for chemical bonding need to be brought into very
small distances, but also fairly brittle since the surfaces
should be kept close together. It is thus clear that the strength
of the fastness between the two materials depend on the two
contracted surface areas. As one of the low surface energy
materials, PE is also difficult to bond silver films without
special surface preparations of the coating processes [15,
17].
Based on the consideration above, PE is approximately
80 million tones of the annual global productions with the
mechanical properties depending significantly on varies of
the extent and type of branching, the crystal structure and the
molecular weight [14]. Silver are relatively safe for human
beings compared with other metals coated on the PE
membrane in our daily lives. Moreover, the variable
capacitors are appeared of the highest quality when he PE
membrane covers silver-plated plates. Similarly, silverplated membrane has other antistatic and anti-bacterial
capabilities in plastic applications [14, 16]. Consequently,
the different processes of impregnation, brush and spray on
electroless silver plating of PE membrane are necessary and
important to be illustrated on the fastnesses of coating
processes to be better for the human being health and the
environment safety.

© 2015. The authors - Published by Atlantis Press
0097

II.

MATERIALS AND METHODS

A.

Chemicals and Instrument
Silver nitrate (Aladdin, 99%), sodium hydroxide
(Aladdin, 98%), ammonia (Aladdin, 25%), alcohol (Aladdin,
99.8%) and D-glucose (Aladdin, 99.5%) were brought from
Aladdin Industrial Corporation in USA. Distilled water
(HPLC) as the solvent was involved for this work. The
Tollen agent was made by ammonia solution of 5.5 wt%
dropped into silver nitrate solution of 5.0 wt% until the
precipitation was re-dissolved into solution under the sodium
hydroxide concentration of 2.5 wt%. Meanwhile, the
reducing agent was mixed with D-glucose solution of 0.5 wt
% and ethanol of 0.8 wt%. The PE membrane from super
market was done by the processes of burring and leveling,
then cut into pieces of 10.0 cm × 10.0 cm and stored into
glass boxes in darkness at the dry place (25℃). The control
was as the same processe without any further treatment on
PE membrane surfaces.
B.

Experiment Method
In the case of non-metallic substrate, the PE membrane
pieces of 10.0 cm × 10.0 cm was pretreated by the processes
of deoil with 10% (m/m) dipotassium hydrogen phosphate at
the ratio of 1 : 1 (cm2 surface/g solution) for 15 min,
chemical erosion with 5% (m/m) dichromic acid at the ratio
of 1 : 1 (cm2 surface/g solution) for 30 min (70℃), then rinse
with distilled water twice at the flow ratio of 1.0 ml/cm2 s for
5 min to remove unwanted chemicals from the surfaces. The
characteristics of the prepared PE membrane pieces were
detailed in Table I.
TABLE I.
PARAMETERS OF THE TEST POLYETHYLENE MEMBRANE
SURFACES ON FASTNESSES OF COATING PROCESSES OF ELECTROLESS SILVER
PLATING
Surfaces
Parameters
Appearance
Material
Purity (%)
Thickness (μm)
Areal density (mg/cm2)
End-use temperature (℃)
Stuffing bulking agent
Original surface roughness (nm)
Infiltration angle (°)

Test Piece
Odorless, colorless and transparent
Low density polyethylene (LDPE)
≥ 99.99
1.00 ± 0.05
1.10 ± 0.05
-60 - 110
CaCO3 (< 0.01 wt%)
12.0 ± 1.3
102.2 ± 1.1

The pretreated PE membrane pieces were divided into
different groups for the processes of impregnation, brush and
spray (φ ≤ 0.1μm, 3.0MPa) and stretched into clean glass
dishes, respectively. The experiments were including
different ways of electroless silver plating on PE membrane
surfaces. The way of Tollen agent firstly impregnated on PE
membrane surfaces (50.0 mg/cm2 membrane) at 70℃ for 2
min and then reducing agent was done by respectively
impregnating, brush and spray on PE membrane surfaces
(100.0 mg/cm2 membrane) at 70℃ for 5 min. The filmed PE
membrane pieces were names as I1-1, I2-1 and I3-1,
respectively. Thus, the processes of the ways that Tollen
agent respectively brushed (named as B1-1, B2-1 and B3-1,
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respectively) and sprayed (named as S1-1, S2-1 and S3-1,
respectively) firstly on PE membrane surfaces and reducing
agent respectively impregnated (named as I1-2, I2-2 and I32, respectively), brushed (named as B1-2, B2-2 and B3-2,
respectively) and sprayed firstly on PE membrane surfaces
were the same. The way of the mixed solution of Tollen
agent and reducing agent (150.0 mg mixed solution/cm2
membrane) was respectively impregnated (MS-1), brush
(MS-2) and spray (MS-3) on PE membrane surfaces at 70℃
for 7 min. Those named samples were carried out in 3
parallel examinations to measure the test error. The samples
were air-dried (70℃) for 8 h at the flow at ratio of 2.0
ml/cm2 s to volatilize the distilled water as solvent and
cleansed twice by absorbent cotton with distilled water to
remove the more substances like free silver, then kept into
darkness for determining the fastnesses of the coating
processes of electroless silver plating on PE membrane
surfaces.

characteristic “silver mirror” on the inner surfaces [1, 3].
Besides being used to apply a silver mirror to glassware,
Tollen agent could also be coated on the surfaces of many
plastic applications (PE membranes) with the help of the
processes of electroless plating reduced by glucose (an
aldehyde). For being freshly prepared in the laboratories, the
Tollen reagent was not commercially available due to its
short shelf life. It should be checked the utilities of the
fastnesses of the electroless silver plating on PE membrane
surfaces using Tollen agent firstly and then reducing agent
[3].
In Figure 1, the coating processes of electroless silver
plating on PE membrane surfaces by impregnation (TR-1),
brush (TR-2) and spray (TR-3) of the silver-amino complex
solution firstly were imaged in detail. The fastness values
(from 2.0 ± 0.3 in S3-1 to 4.0 ± 0.3 in S2-1) of the
significantly strongest coatings (p < 0.05) were formed in
TR-3 where the average fastness value was 3.0 ± 0.6.
Furthermore, the fastness values (from 4.0 ± 0.3 in B3-1 to
4.5 ± 0.3 in B2-1) of the obviously weakest coatings (p <
0.05) were shown in TR-2 where the average fastness value
was 4.2 ± 0.8. The average fastness values of the other
coatings shown in TR-1 (from 2.0 ± 0.5 in I3-1 to 4.0 ± 0.5
in I2-1) were 3.2 ± 0.7 (TR-1). It was purposed that superior
silver films by electroless plating should get the silver-amino
complex solution more even and sufficient coated on PE
surfaces. Considered on the infiltration angle of 102.2 ± 1.1,
the pretreated PE membrane surfaces were not soaked. The
processes of brush would not firstly cover the silver-amino
complex solution enough and evenly to avoid being gathered
into drops and lines on PE membrane surfaces [11, 20]. It
resulted that the amounts of the deposition of the silver
element on the PE surfaces were not homogeneous, meaning
that the silver-amino complex might be reduced and covered
more silver element in the gathered drops and lines where
the extra silver element was piled up loosely on the previous
matrixes. It seemed that the gathered drops and lines of the
silver films got more silver element than the maximum
amounts of the matrix layers. Moreover, the processes of the
brush would scratch the firstly extended silver-amino
complex solution to strip the initial attachments of silver
element [20, 21]. By contrast, the finer vapors of spray (≤ 0.1
μm, 3 MPa) could be dispersed by the processes of spray and
absorbed evenly by the PE surfaces. It meant that the
amounts of silver element would be spread to cover the PE
membrane surfaces, illustrating that more membrane
surfaces could be adhered more widely and not to
accumulate the drops and lines on the non-invasion surfaces
of PE membrane surfaces. The coated silver with those
processes could be well proportioned without destroying the
initial attachments of silver element [22, 23]. That was the
reasons that the fastness properties of electroless of silver
plating by the processes of the brush were out of the
consideration. Interpreted the pictures from TR-1 to TR-3 in
Figure 1 again, the tendencies of the fastness values in each
samples of electroless silver plating on PE surfaces were
similar where the lowest and highest values were of the
processes of the brush (the average value of 4.1 ± 0.7) and
those of the spray (the average value of 3.0 ± 0.8). It was

C.

Fastness Detection
The identification and quantification of coating
fastnesses of electroless silver plating on PE membrane
surfaces were performed using an Y571A hand color
fastness friction instrument (American Standard). The
rectangle friction head (19.0 mm × 25.4 mm) was moved 10
times at the speed ratio of once per second in reciprocation
of 104 ± 3 mm with the vertical downward pressure of 9.0 ±
0.2 N according to the national standard of GB/T 3920-2008.
The evaluation criterion was checked with the national
standard of GB/T 251-2008 (9 classes of grey scale for color
assessment). Within each batch of the samples, one blank
sample, the absence of a tissue sample in the glass vessel
was then subjected to the whole experimental procedure to
determine any analytical contamination.
D.

Data Analysis
Each sample was tested at least twice with the hand color
fastness friction instrument (American Standard) until the
data could be acceptable. The data of these groups were
operated by Microsoft Excel 2013 and one-way analysis of
variance (ANOVA) with compare means test was checked
for the evaluation of the data (SPSS v11.5 for Windows).
The results were determined on the basis of homogeneous
groups at the level of significance of p < 0.05. All these
calculated and analyzed data were pictured by Origin v7.5
Professional.
III.

RESULTS AND DISCUSSION

A.

Fastnesses of the electroless silver plating processes
of Tollen agent and then reducing agent on polyethylene
membrane surfaces
As a chemical reagent for electroless plating and
consisted of the silver-amino complex solution of silver
nitrate and ammonia, Tollen reagent could be precipitated of
elemental silver in the presence of the aldehyde or alphahydroxy ketone groups in several organic matters on the PE
membrane surfaces with a positive test of producing a
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further illuminated that the processes of brush could not well
coat the silver element on PE membrane surfaces with the
effects of the bigger drops on the non-infiltrated surfaces and
the slighter damages of the silver element renderings of the
initial attachments [24]. Those complications did course the
results of the outcomes in each picture of Figure 1, where it
was directly evidenced that the fastness value of 4.0 ± 0.3 in
B3-1 was much higher than the other two fastness values
(2.5 ± 0.3 in I3-1 and 2.0 ± 0.5 in S2-1, respectively). Thus,
the optimizations of the electroless silver plating were done
by the processes of the spray of the Tollen reagent and then
the spray of the reducing reagent on PE membrane surfaces.

occurred. The silver atoms and particles might be completely
rounded and isolated by D-glucose molecules onto PE
membrane surfaces [26, 27]. As a result, the fastness values
of reducing gent first were inferior to those of Tollen agent
first by comparisons with the sample data in Figure 1 and
Figure 2. Based on the data of each picture in Figure 2, the
weakest fastness values of electrless silver plating with
firstly adding reducing agent were also the processes of the
brush the same as those of adding Tollen agent firstly. The
another explanation was the fact that viscous reducing gent
solution with D-glucose could be stabilized the silver
particles and suspended in solutions to delay the
sedimentation rate and keep silver element away from PE
membrane surfaces [28, 29]. As the obvious results in each
picture of Figure 2, the fastness value of 5.0 ± 0.5 in B3-2
was much higher than the other two fastness values (4.0 ±
0.3 in I3-2 and 4.5 ± 0.3 in S2-2, respectively). It was
concluded that the conditions of the electroless silver plating
with the processes of spraying the reducing reagent and then
the Tollen reagent on PE membrane surfaces were checked
in this experiment section.

B.

Fastnesses of the electroless silver plating processes
of reducing agent and then Tollen agent on polyethylene
membrane surfaces
The examples of reducing agents included some active
metals, electron-rich aldehyde, and D-glucose compounds.
Being called the reductants or reducers, the reducing agents
in this experiment were complex compounds that could
donate some electrons to the above-mentioned Tollen agent
in the electroless silver plating reactions. The both strong
(positive oxidation potential) and weak (negative oxidation
potential) reducing agents typically in one of the lower
possible oxidation states were oxidized by losing electrons
with oxidizers of fewer electrons [3]. With the molecular
formula C6H12O6 whose five hydroxyl (OH) groups were
arranged in a specific way along the six-carbon back and
known as the dextrose or grape sugar and one of the 16
aldose stereoisomers, D-glucose did occur widely in nature
and be classed as a hexose of one sub-category of
monosaccharides with 6 carbon atoms [25]. Thus, the good
reducing agents tending to consist of atoms with a low
electro-negativity would have the abilities of atoms or
molecules to attract bonding electrons.
The coating processes of electroless silver plating on PE
membrane surfaces by impregnation (RT-1), brush (RT-2)
and spray (RT-3) of the reducing agent firstly were detailed
in Figure 2. The fastness values (from 2.5 ± 0.3 in S3-2 to
4.5 ± 0.3 in S2-2) of the evidently strongest coatings (p <
0.05) were formed in RT-3 where the average fastness value
was 3.3 ± 0.4. Thereafter, the fastness values (from 4.0 ± 0.3
in B1-2 to 4.5 ± 0.3 in B2-2) of the sharply weakest coatings
(p < 0.05) were shown in RT-2 where the average fastness
value was 4.5 ± 0.8. The average fastness values of the other
coatings shown in RT-1 (from 3.5 ± 0.3 in I1-2 to 4.0 ± 0.3
in I2-2) were 3.7 ± 0.7 (RT-1). It had been illustrated that Dglucose did have the abilities of reducing the positive silver
ions in Tollen agent back to the silver atoms and then being
self-gathered into the nano-silver particles in solutions [25].
Duo to the chain reactions, the silver covered on PE
membrane surfaces was absorbed by surface energies instead
of chemical adsorptions in the processes of coating Tollen
solutions first, illustrating there were much less forces
between silver element and PE membrane surface. Beside
the consequences discussed above, the amounts of the
reducing agents were much more than the amounts of the
Tollen agents causing that the reaction of the silver element
converted back from the silver ions would be rapidly
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C.

Fastnesses of the electroless silver plating processes
of the mixed solution of Tollen agent and reducing agent
on polyethylene membrane surfaces
It was well known that the applications of silver mirror
reactions requiring the highest optical qualities were
occurred on cleaned and insulated surfaces such as PE
membrane surfaces since it created nano-scale roughness and
reduced the reflectivity when Tollen agent and D-glucose as
reducing agent were put together in solutions [3, 30]. The
processes to produce silver mirrors by Tollen agent and Dglucose on PE membrane surfaces included additional
additives to increase adhesion and film resilience. Similar to
the processes detailed above, the liquid PE membrane
surfaces consisted of the two different distinct layers. The
first layer was the highly textured surfaces of the matrix of
features close to the stably contains, meanwhile the second
layer covering liquid filled in the spaces between the features
[31, 32]. The silver element could be collected on the PE
membrane surfaces by adsorptions and precipitations.
Checked the Table II, the fastness of the electroless silver
plating with the mixed solutions by impregnation (3.5 ± 0.3
in MS-1), brush (4.5 ± 0.5 in MS-2) and spray (3.0 ± 0.2 in
MS-3) were respectively revealed. Those data of samples
were not clearly less than the data of the processes of adding
the Tollen agent firstly and then D-glucose (Figure 1), but
not different from the data of the processes of adding the Dglucose agent firstly and then Tollen agent (Figure 2),
respectively compared with every value of each PE
membrane surface. Calculated by the measurement relations
of the silver mirror reactions, the amounts of D-glucose (100
mg/cm2) were much than the reaction demand amounts. It
was cleared that the processes of impregnation, brush and
spray with mixed solutions on PE membrane surfaces would
have the priorities to coat the D-glucose solutions although
some amounts of silver element could be involved onto the
PE surfaces [25, 33, 34]. Therefore, the D-glucose solutions
could delay and stop the coating processes of silver on the
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surfaces with the help of the properties of the viscosities and
the forces between the first layer and the second layer
explained above in the experiment.
TABLE II.

DRY FASTNESS OF ELECTROLESS SILVER PLATING WITH
MIXED SOLUTIONS
MS-1
3.5 ± 0.3

Dry fastness (Rate)

IV.

MS-2
4.5 ± 0.5

MS-3
3.0 ± 0.2

CONCLUSIONS

The fastness of the different coating processes of the
electroless silver plating on polyethylene membrane surfaces
were tested in this work. It was found that the effects of the
processes of adding the Tollen agent first and then the Dglucose (TR-1, TR-2 and TR-3) were obviously the best for
the electroless silver plating on polyethylene membrane
surfaces. The effects of both the processes of adding the Dglucose first and then the Tollen agent (RT-1, RT-2 and RT3) and the processes of the mixing Tollen agent and Dglucose (MS-1, MS-2 and MS-3) were not significantly
different because of the first layer of the highly textured
surfaces of the matrix of features close to the stably contains
and the second layer covering liquid filled in the spaces
between the features. Among the processes of impregnation,
brush and spray, it was clearly evidenced that the fastness
values of the spray processes were the highest. The fastness
values of the brush processes were the lowest due to
scratching the extended Tollen agent to strip the initial
attachments of silver element. The fastness values of the
impregnation processes were between those of the spray and
those of the brush. Thus, the optimized processes of the
electroless silver plating were done by the processes of the
spray of the Tollen reagent and then the spray of the Dglucose on PE membrane surfaces for promoting the
adhesive values between the surfaces and silver element to
avoid the risks of the toxicities of the silver (heavy metal)
separated from the polyethylene membrane surfaces to keep
the human being healthy and the environment safe.
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Figure 1. Fastnesses of the electroless silver plating processes of Tollen agent and then reducing agent on polyethylene membrane surfaces
The processes of impregnation ( ), brush (
) and spray ( ) were carried out in the processes of impregnation (TR-1) first and then impregnation (I11), brush (I2-1) and spray (I3-1), brush (TR-2) first and then impregnation (B1-1), brush (B2-1) and spray (B3-1) and spray (TR-3) first and then
impregnation (S1-1), brush (S2-1) and spray (S3-1) under the conditions of Tollen agent (50.0 mg/cm2 membrane) at 70℃ for 2 min , reducing agent (100.0
mg/cm2 membrane) at 70℃ for 5 min, and the mixed solution of Tollen agent and reducing agent (150.0 mg mixed solution/cm2 membrane) at 70℃ for 7
min, respectively.

Figure 2. Fastnesses of the electroless silver plating processes of reducing agent and then Tollen agent on polyethylene membrane surfaces
The processes of impregnation ( ), brush (
) and spray ( ) were carried out in the processes of impregnation (RT-1) first and then impregnation (I12), brush (I2-2) and spray (I3-2), brush (RT-2) first and then impregnation (B1-2), brush (B2-2) and spray (B3-2) and spray (RT-3) first and then
impregnation (S1-2), brush (S2-2) and spray (S3-2) under the conditions of Tollen agent (50.0 mg/cm2 membrane) at 70℃ for 2 min , reducing agent (100.0
mg/cm2 membrane) at 70℃ for 5 min, and the mixed solution of Tollen agent and reducing agent (150.0 mg mixed solution/cm2 membrane) at 70℃ for 7
min, respectively.
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