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(57) ABSTRACT

A quantitative method of number surface area of a graphene
material includes the following steps. The graphene material
is mixed with a solution to form a colloidal solution con-
taining the graphene material. The colloidal solution is
atomized to form a plurality of aerosols containing the
graphene material. The size of the aerosols is screened. The
screened aerosols are counted to obtain a number concen-
tration of the screened aerosols. A surface of the screened
aerosols is charged and a current amount on the surface-
charged aerosols is measured. The number surface area of
the graphene material is calculated based on the current
amount and the number concentration.

Mix o graphene material with a solution
to form a colloidal solution containing
the graphene material

| _—S100

Remove an aggregate of the graphene
material settled in the colloidal solution

| _—S110

Atomize the colloida
plurality of aeroso

| solution to form a
Is containing the

graphene material

| _—S120

Screen a size

of the aerosols

| _—S130

Count the screened
a number concentra

agerosols to obtain
tion of the screened

aerosols

| _—S140

Charge a surface

of the screened

cerosols and measure the current amount
of the surface—charged aerosols

| _—S150

Calculate o number

surface area of the

graphene material according to the current
amount and the number concentration

| _—S160




Patent Application Publication Jun. 13, 2019 US 2019/0178773 A1

Mix a graphene material with a solution $100
to form a colloidal solution containing |—"
the graphene material

Remove an aggregate of the graphene | _—S110
material settled in the colloidal solution

Atomize the colloidal solution to form a 5120
plurality of aerosols containing the —
graphene material

| _—3S5130

Screen a size of the aerosols

Count the screened aerosols to obtain 5140
a number concentration of the screened |—
aerosols

Charge a surface of the screened 5150
aerosols and measure the current amount —"
of the surface—charged aerosols

Calculate @ number surface area of the 5160
graphene material according to the current}—"
amount and the number concentration

FIG. 1



US 2019/0178773 Al

QUANTITATIVE METHOD OF NUMBER
SURFACE AREA OF GRAPHENE MATERIAL

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Tai-
wan application serial no. 106142907, filed on Dec. 7, 2017.
The entirety of the above-mentioned patent application is
hereby incorporated by reference herein and made a part of
this specification.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The invention relates to a quantitative method of a
surface area, and more particularly, to a quantitative method
of number surface area of a graphene material.

Description of Related Art

[0003] Currently, the Brunauer-Emmet-Teller (BET)
method is the main surface area analysis technique, and is
extensively applied in the field of quantitative surface area.
However, many limitations still exist for quantifying surface
area using the BET method, such as time-consuming drying
process and large amount of sample required. Therefore, for
a small amount of graphene or graphene oxide, the quanti-
fication of the surface area thereof using the BET method is
a significant issue. Therefore, how to build a suitable method
to quantify the surface area of graphene or graphene oxide
is an urgent issue to be solved.

SUMMARY OF THE INVENTION

[0004] The invention provides a quantitative method of
number surface area of a graphene material having the
advantages of single-measurement high speed and small
amount of sample required.

[0005] The quantitative method of number surface area of
a graphene material of the invention includes the following
steps. The graphene material is mixed with a solution to
form a colloidal solution containing the graphene material.
The colloidal solution is atomized to form a plurality of
aerosols containing the graphene material. The size of the
aerosols is screened. The screened aerosols are counted to
obtain a number concentration of the screened aerosols. A
surface of the screened aerosols is charged and a current
amount on the surface-charged aerosols is measured. The
number surface area of the graphene material is calculated
based on the current amount and the number concentration.
[0006] In an embodiment of the invention, before the
colloidal solution is atomized, the aggregate of the graphene
material settled in the colloidal solution is removed.
[0007] In an embodiment of the invention, when the
colloidal solution is atomized to form the plurality of
aerosols containing the graphene material, the aerosols, for
instance, at most contain one graphene material.

[0008] In an embodiment of the invention, the method of
atomizing the colloidal solution containing the graphene
material is, for instance, electrospraying, ultrasonic atomi-
zation, or gas atomization.

[0009] In an embodiment of the invention, the size of the
screened aerosols is, for instance, 7 nm to 100 nm.

[0010] In an embodiment of the invention, the method of
charging the surface of the screened aerosols includes the
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following steps. A gaseous ion is produced using an ionizer.
The gaseous ion is mixed with the screened aerosols to
obtain the surface-charged aerosols.

[0011] In an embodiment of the invention, the method of
calculating the number surface area of the graphene material
includes the following steps. The total surface area of the
graphene material is calculated according to formula (1),

Ip formula (1)

SA= —t
(DF, xC)

wherein SA is the total surface area of the graphene material,
L, is the current amount, DF,, is a deposition efficiency of a
surface charge, and C is a constant of converting a measured
current into an equivalent surface area. The total surface area
is divided by the number concentration.

[0012] In an embodiment of the invention, the graphene
material includes graphene or graphene oxide.

[0013] According to an embodiment of the invention, the
solution includes deionized water.

[0014] Based on the above, in the quantitative method of
number surface area of a graphene material of the invention,
by atomizing the graphene material dispersed in the colloi-
dal solution into aerosols and charging a surface of the
aerosols, the invention can calculate the number surface area
of the graphene material by measuring the quantity and
current amount of the surface-charged aerosols. Therefore,
the quantitative method of the invention can have the
advantages of single-measurement high speed and small
amount of samples required.

[0015] In order to make the aforementioned features and
advantages of the disclosure more comprehensible, embodi-
ments accompanied with FIGURES are described in detail
below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The accompanying drawings are included to pro-
vide a further understanding of the invention, and are
incorporated in and constitute a part of this specification.
The drawings illustrate embodiments of the invention and,
together with the description, serve to explain the principles
of the invention.

[0017] FIG. 1 is a flowchart of a quantitative method of
number surface area of a graphene material according to an
embodiment of the invention.

DESCRIPTION OF THE EMBODIMENTS

[0018] FIG. 1 is a flowchart of a quantitative method of
number surface area of a graphene material according to an
embodiment of the invention.

[0019] Referring to FIG. 1, step S100 is performed to mix
a graphene material with a solution to form a colloidal
solution containing the graphene material. The graphene
material is, for instance, graphene or graphene oxide. The
solution is, for instance, deionized water, but the invention
is not limited thereto, and any solution that can evenly
disperse the graphene material can be used. In the present
embodiment, three types of graphene oxide (GO) are mea-
sured and deionized water is used as the solution as an
example, but the invention is not limited thereto.

[0020] In the present embodiment, graphene oxide is
prepared. For instance, powdered single-walled carbon
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nanotube (SWCNT), powdered multi-walled carbon nano-
tube (MWCNT), and powdered graphite are respectively
dispersed in deionized water to respectively obtain graphene
oxides GOgpenps GOy pppenrs and GOy, .., Suspended in
an aqueous solution. Here, the amount of graphene material
samples needed is only 0.01 mg, and therefore in a 0.1 mL.
aqueous solution, the weight concentration of the graphene

material is 100 ppm.

[0021] Next, step S110 is performed to remove the aggre-
gate of the graphene material settled in the colloidal solu-
tion. In the present embodiment, the aggregate of larger
graphene oxide not dispersed in the aqueous solution is
removed via settlement, such as natural settlement by grav-
ity or centrifuge.

[0022] Next, step S120 is performed to atomize the col-
loidal solution to form a plurality of aecrosols containing the
graphene material. In the present embodiment, the three
types of graphene oxides GOgpcnrs GOnmenrs and
GO,, ,prire SUspended in the aqueous solution are atomized
via electrospraying, ultrasonic atomization, or gas atomiza-
tion to respectively obtain a plurality of acrosols containing
the graphene oxides GOgyenr GOrppenss a0d GOy, e It
should be mentioned that, during atomization, each aerosol
must at most contain one graphene oxide, in other words,
after atomization, aerosols without graphene oxide and
aerosols containing one graphene oxide may be present, but
aerosols containing two or more graphene oxides are not
present.

[0023] Next, step S130 is performed to screen the size of
the aerosols. In the present embodiment, the size of the
aerosols is screened via, for instance, a differential mobility
analyzer or an aerosol diffusion battery such that the size of
the screened aerosols is between 7 nm and 100 nm. Spe-
cifically, the differential mobility analyzer can measure the
mobility diameter (d,, ,,) of the aerosols and screen aerosols
having a specific size according to the mobility diameter,
and therefor in the invention, the number surface area of the
screened aerosols having a specific size can be quantified.

[0024] Moreover, although the aerosol diffusion battery
cannot screen aerosols having a specific size, the aerosol
diffusion battery can screen aerosols having a size of 7 nm
or greater. In other words, particles having a size of 7 nm or
less such as salt ion or aerosols without graphene oxide can
be removed via the aerosol diffusion battery to prevent the
particles less than 7 nm from interfering with the accuracy
of subsequent measurements.

[0025] Next, step S140 is performed to count the screened
aerosols to obtain a number concentration of the screened
aerosols. In the present embodiment, the screened aerosols
are counted via, for instance, a condensation particle coun-
ter. Since in step S120, acrosols without graphene oxide are
removed, the screened aerosols all should only contain one
graphene oxide. As a result, the number concentration of the
aerosols obtained by the condensation particle counter can
represent the number concentration of graphene oxide.

[0026] Next, step S150 is performed to charge a surface of
the screened aerosols and a measure a current amount on the
surface-charged aerosols. In the present embodiment, first, a
gaseous ion is generated using, for instance, an ionizer, and
then the gaseous ion is mixed with the screened acrosols
such that the gaseous ion is attached to the surface of all of

the graphene oxides GOgppengs GOppenys and GOy, 1 1O
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obtain aerosols with a charged surface. Next, the current
amount of the surface-charged aerosols is measured using,
for instance, an electrometer.

[0027] It should be mentioned that, in the invention, the
order of step S140 and step S150 is not limited. In other
words, in other embodiments, step S150 can also be per-
formed first, and then step S140 is performed.

[0028] Next, step S160 is performed to calculate the
number surface area of the graphene material based on the
current amount and the number concentration. In the present
embodiment, the method of calculating the number surface
area of the graphene material includes the following steps.
First, the total surface area of the graphene oxides GOypnr
GOuppenys and GO, can be calculated according to
formula (1),

Ip formula (1)

SA= ———%
(DF,xC)’

wherein SA is the total surface area of the graphene material,
L, is the current amount of the surface-charged aerosols
(containing the graphene material), DF, is the deposition
efficiency of surface charge, and C is the constant of
converting a measured current into an equivalent surface
area.

[0029] In the present embodiment, DF, in formula (1) can

be calculated first according to formula (2)

exp(—0.416(Ind,, , + 2.84)%) formula (2)

+19.11exp(~0.482Ind,, ,, — 1.362)) |

DF 0.01555
Tl d

pm

wherein electrical mobility diameter d,, ,, can be measured
using the differential mobility analyzer. Therefore, different
electrical mobility diameters d,, , can be respectively mea-
sured for graphene oxides GOgpenrs GOuppons and
GO,, ,pnie baving different sizes. Next, the measured elec-
trical mobility diameter d,, ,, is introduced in formula (2) to
calculate the corresponding DF,,.

[0030] It should be mentioned that, C in formula (1) of the
present embodiment is a constant of converting the mea-
sured current into equivalent surface area, and the constant
can be obtained by measuring the electrical mobility diam-
eter d, ,, (sphere) and the current amount I, of the
standards. The standards are, for instance, spherical colloids
with known diameters. For instance, the standards are
spherical Au colloids with a diameter of 30 nm (30 nm-
AuNP for short), spherical (Au colloids with a diameter of
60 nm (60 nm-AuNP for short), and spherical polystyrene
latex colloids with a diameter of 100 nm (100 nm-PSL for
short).

[0031] In the present embodiment, the C value can be
established using the standards 30 nm-AuNP, 60 nm-AuNP,
and 100 nm-PSL. Specifically, first, the standards 30 nm-
AuNP, 60 nm-AuNP, and 100 nm-PSL are dispersed in
deionized water to form colloidal solutions containing the
standards. Next, the colloidal solution containing the stan-
dards were respectively atomized to respectively form a
plurality of aerosols containing the standards. Next, the
mobility diameter d,, ,, (sphere) thereof is measured via a
differential mobility analyzer and aerosols having a specific
size and containing the standards are screened. After the
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surface of the screened aerosols containing the standards is
charged, the corresponding current amount [ is mea-
sured.

[0032] Next, the C value is calculated according to for-
mula (3),

sphere

Cco Isphere formula (3)
" SAgphere X DF,(sphere)”

wherein SA, ;. is the total surface area of the standards,
L, e 18 the current amount of the surface-charged aerosols
(containing the standards), DF, (sphere) is the deposition
efficiency of surface charge, and C is the constant of
converting a measured current into an equivalent surface
area. The known diameter in the standards is introduced in
the formula 4 (7t is pi and r is radius) to calculate SA, rere
in formula (3). The measured d,, , (sphere) is introduced in
formula (2) to calculate DF, (sphere) in formula (3). Next,
the measured current amount I, . the calculated DF,
(sphere), and the calculated SA,,,., were introduced in
formula (3) to calculate the numerical value of C as 4.4x10~°
PA nm?>.

[0033] It should be mentioned that, C is a fixed numerical
value and is not changed by different material shapes.
Therefore, the surface areas of the 3 types of graphene
oxides GOgpenr GOpprenss and GO, ... in the present
embodiment can be calculated using the calculated C value.
[0034] Referring next to step S160 in FIG. 1, the current
amount I, measured for the graphene oxides GOgpens
GOuppenys and GOy, .50, the deposition efficiency DF,, of
the calculated surface charge, and the constant C are intro-
duced in formula (3) to respectively calculate the total
surface areas SA of the graphene oxides GOgpengs GO,pr
went, and GO, ize-

[0035] Lastly, the total surface areas SA of the graphene
oxides GOgpenrs GOppppens and GO, .., are respectively
divided by the number concentration of the screened aero-
sols to obtain the number surface area of the graphene
oxides.

[0036] It should be mentioned that, the invention does not
limit the formula calculating the total surface area of the
graphene material such as formula (1). In other words, in
other embodiments, other suitable formulas can also be used
to calculate the total surface area of the graphene material.
[0037] Based on the above, in the quantitative method of
number surface area of a graphene material of the invention,
by atomizing the graphene material dispersed in the colloi-
dal solution into aerosols and charging a surface of the
aerosols, the invention can calculate the number surface area
of the graphene material by measuring the quantity and
current amount of the surface-charged aerosols. Therefore,
in comparison to the known BET method, the quantitative
method of number surface area of a graphene material of the
invention can use a smaller amount of sample and directly
perform measurement in aqueous phase, and a time-con-
suming drying process is not needed. Via this design, the
quantitative method of the invention can have the advan-
tages of single-measurement high speed and small amount
of samples required.

[0038] Although the invention has been described with
reference to the above embodiments, it will be apparent to
one of ordinary skill in the art that modifications to the
described embodiments may be made without departing
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from the spirit of the invention. Accordingly, the scope of the
invention is defined by the attached claims not by the above
detailed descriptions.

What is claimed is:

1. A quantitative method of a number surface area of a
graphene material, comprising:

mixing a graphene material with a solution to form a
colloidal solution containing the graphene material;

atomizing the colloidal solution to form a plurality of
aerosols containing the graphene material;

screening a size of the aerosols;

counting the screened aerosols to obtain a number con-
centration of the screened aerosols;

a surface of the screened aerosols is charged and a current
amount on the surface-charged aerosols is measured;
and

calculating a number surface area of the graphene mate-
rial based on the current amount and the number
concentration.

2. The quantitative method of the number surface area of
the graphene material of claim 1, further comprising, before
the colloidal solution is atomized, removing an aggregate of
the graphene material settled in the colloidal solution.

3. The quantitative method of the number surface area of
the graphene material of claim 1, wherein when the colloidal
solution is atomized to form the plurality of aerosols con-
taining the graphene material, each of the aerosols at most
contains one of the graphene material.

4. The quantitative method of the number surface area of
the graphene material of claim 1, wherein a method of
atomizing the colloidal solution containing the graphene
material comprises electrospraying, ultrasonic atomization,
or gas atomization.

5. The quantitative method of the number surface area of
the graphene material of claim 1, wherein a size of the
screened aerosols is 7 nm to 100 nm.

6. The quantitative method of the number surface area of
the graphene material of claim 1, wherein the step of
charging the surface of the screened aerosols comprises:

producing a gaseous ion using an ionizer; and

mixing the gaseous ion with the screened aerosols to
obtain the surface-charged aerosols.

7. The quantitative method of the number surface area of
the graphene material of claim 1, wherein a method of
calculating the number surface area of the graphene material
comprises:

calculating a total surface area of the graphene material
according to formula (1),

Ip formula (1)

SA= —t
(DF, xC)

wherein SA is the total surface area of the graphene
material, 1, is the current amount, DF,, is a deposition
efficiency of a surface charge, and C is a constant of
converting a measured current into an equivalent sur-
face area; and
dividing the total surface area with the number concen-
tration.
8. The quantitative method of the number surface area of
the graphene material of claim 1, wherein the graphene
material comprises a graphene or a graphene oxide.
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9. The quantitative method of the number surface area of
the graphene material of claim 1, wherein the solution
comprises a deionized water.

#* #* #* #* #*



