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(54) PRESSURE CONTROL VALVE AND SUPERCRITICAL FLUID CHROMATOGRAPH

(57) A pressure control valve includes a pressure
control block including a bore hole that is bored perpen-
dicularly from one outer surface, and two internal channel
openings of whose end portions are at a bottom surface
of the bore hole, a valve body having elasticity and cov-
ering the bottom surface of the bore hole, a sealing mem-
ber for pressing a portion of the valve body against the
bottom surface of the bore hole, the portion abutting a
peripheral edge portion of a portion of the bottom surface
where the openings are provided, and an actuator for
driving a portion, of the valve body, abutting the portion
where the openings are provided in a direction perpen-
dicular to the bottom surface of the bore hole.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a pressure con-
trol valve and a supercritical fluid chromatograph that us-
es the pressure control valve.

BACKGROUND ART

[0002] In recent years, supercritical fluid chromatogra-
phy (hereinafter "SFC") has been gaining attention. The
SFC is chromatography that is performed by applying
specific temperature and pressure to carbon dioxide or
the like to obtain a supercritical fluid, and by using the
supercritical fluid as a solvent. The supercritical fluid has
properties of both liquid and gas, and is more diffusive
but less viscous than liquid. Using such a supercritical
fluid as a solvent allows fast, high-separation, high-sen-
sitivity analysis.
[0003] Generally, to maintain a solvent in a supercrit-
ical state, the flow rate has to be a minute flow rate of 3
ml/min or less, and the pressure in a flow system has to
be 10 MPa or more. To this end, an SFC device has a
pressure control valve for maintaining the flow system at
a specific pressure of 10 MPa or more provided at a later
stage of an analytical column.
[0004] The pressure control valves include those that
adopt a method of adjusting a gap (opening area) be-
tween a valve seat provided with an inlet channel and a
valve body blocking the inlet channel (see Patent Docu-
ment 1), those that adopt a method of adjusting a channel
width (opening area) by driving a diaphragm (see Patent
Document 2), those that adopt a method of inserting a
needle into an orifice opening at an end of an inlet channel
and of adjusting a gap (opening area) based on the in-
sertion depth of the needle into the orifice opening (see
Patent Document 3), and the like.
[0005] Furthermore, a diaphragm valve may be cited
as a general control valve which is not for SFC (see Pat-
ent Documents 4 and 5). Generally, a diaphragm valve
has an inlet channel arranged at the center of a valve
chamber, and controls the pressure by pressing a valve
body (diaphragm) against an orifice valve seat of the inlet
channel and blocking the inlet channel, and also an outlet
is arranged at one position in the periphery. According
to this structure, the internal volume of a control chamber
is great, and a volume (dead volume) that does not con-
tribute to the flow of a liquid is present on the opposite
side of an outlet channel from the inlet channel.
[0006] Although it is not a valve for SFC, a pinch valve
may be cited as a valve with a small dead volume (see
Patent Document 6). The pinch valve controls the pres-
sure by having an inlet tube and an outlet tube inserted
to both ends of a deformable valve tube, and by adjusting
the opening areas communicating with the inlet tube and
the outlet tube by flattening the valve tube. To control the
pressure inside a channel of the SFC, a high sealing prop-

erty is required at insertion portions of an inlet tube and
an outlet tube to a valve tube. Since a pressure of 10
MPa or more is sometimes applied inside the channel,
and also the inner diameter of the channel is generally
0.3 mm or less so that a mobile phase is made to flow at
a minute flow rate of 3 ml/min or less, it is difficult to
connect a pipe whose inner diameter is 0.3 mm or less
to the valve tube with a high sealing property.
[0007] Moreover, as described above, with the SFC,
the pressure generally has to be at 10 MPa or more in a
state where the flow rate of a mobile phase is 3 ml/min
or less, and thus, opening/closing control is to be per-
formed in a state where the valve tube is almost com-
pletely flattened and the opening area is 0.001 mm2 or
less. This may cause a stress to concentrate at the flat-
tened portion of the valve tube, and the valve tube may
be damaged. Accordingly, it is difficult to use such a pinch
valve for the SFC.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0008]

Patent Document 1: JP 2-190761 A
Patent Document 2: JP 3-172688 A
Patent Document 3: JP 8-338832 A
Patent Document 4: JP 3-177670 A
Patent Document 5: JP 2011-202681 A
Patent Document 6: JP 2003-49959 A

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0009] By connecting a mass spectrometry (MS) to an
SFC and realizing a structure of SFC-MS, the detection
sensitivity and the identification sensitivity may be in-
creased. In the case of the structure of SFC-MS, the MS
is connected to a downstream side of a pressure control
valve, and components to be examined, which have been
separated in time by a separation column, inevitably pass
through the pressure control valve. If a dead volume not
included in the flow path of a mobile phase exists in the
pressure control valve, the mobile phase stagnates in
the dead volume and the components which have been
separated in time by the separation column get mixed
together, and accurate analysis of the mixed components
by the MS is disabled. Accordingly, particularly in the
case of the structure of the SFC-MS, t the pressure con-
trol valve is desirably structured in such a way that the
internal dead volume is made as small as possible so as
to prevent the separation performance of the separation
column from being impaired.
[0010] Accordingly, the present invention has its object
to reduce the dead volume inside a pressure control valve
for SFC.

1 2 
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SOLUTIONS TO THE PROBLEMS

[0011] A pressure control valve according to the
present invention includes a pressure control block in-
cluding a bore hole that is bored perpendicularly from
one outer surface, and two internal channels openings
of whose end portions are at a bottom surface of the bore
hole, a valve body having elasticity and covering the bot-
tom surface of the bore hole, a sealing member for press-
ing a portion of the valve body against the bottom surface
of the bore hole, the portion abutting a peripheral edge
portion of a portion of the bottom surface where the open-
ings are provided, and an actuator for driving a portion,
of the valve body, abutting the portion where the openings
are provided in a direction perpendicular to the bottom
surface of the bore hole.
[0012] According to this pressure control valve, a gap
that is formed between the bottom surface of the bore
hole and the valve body forms a pressure control space
for controlling a pressure.
[0013] With the pressure control valve of the present
invention, the valve body directly contacts a mobile phase
under a high pressure, and thus, it is necessary that the
valve body has a chemical resistance and a pressure
resistance. In addition, with a supercritical fluid chroma-
tograph, carbon dioxide which is a mobile phase may be
vaporized due to a steep drop in the pressure and be
instantly cooled by the heat of vaporization, thereby gen-
erating dry ice. Accordingly, the valve body is desirably
made of a resistant material with a chemical resistance,
an impact resistance, and a pressure resistance. Then,
damage to the valve body by the dry ice may be sup-
pressed, and the durability of the pressure control valve
may be increased. As such a resistant material, resin
such as polybutylene terephthalate (PBT), polyether
ether ketone (PEEK), or ultra high molecular weight pol-
yethylene may be cited.
[0014] Further, the valve body may be made from an
elastic member having elasticity and a protective film that
is present between the elastic member and the bottom
surface of the bore hole. The protective film may be made
of a resistant material with a chemical resistance, an im-
pact resistance, and a pressure resistance. Also accord-
ing to such a method, damage to the valve body by dry
ice may be suppressed, and the durability of the pressure
control valve may be increased.
[0015] According to a desirable mode of the pressure
control valve of the present invention, the bore hole is
formed into a cylindrical shape, the sealing member in-
cludes a cylindrical portion that is fitted in the bore hole,
and the actuator drives a rod-shaped member that pen-
etrates the cylindrical portion of the sealing member and
whose tip end is in contact with a center portion of the
valve body.
[0016] According to the mode described above, desir-
ably, a thread is formed on an inner circumferential sur-
face of the bore hole, a thread for being engaged with
the thread on the inner circumferential surface of the bore

hole is formed on an outer circumferential surface of the
cylindrical portion of the sealing member, and a position
of the cylindrical portion in a depth direction inside the
bore hole is changed by rotation of the sealing member.
The sealing member may then be attached or detached
simply by rotation of the sealing member, and assembly
and disassembly of the pressure control valve may be
facilitated.
[0017] A supercritical fluid chromatograph according
to the present invention includes an analysis channel, a
mobile phase supply section for supplying a mobile
phase to the analysis channel, a sample introduction sec-
tion for introducing a sample into the analysis channel,
a separation column that is arranged on the analysis
channel, on a downstream side of the sample introduc-
tion section, a detector that is arranged on the analysis
channel, on a downstream side of the separation column,
the detector being for detecting a sample component
separated by the separation column, and a pressure con-
trol valve of the present invention, the pressure control
valve arranged on the analysis channel, on a down-
stream side of the detector, the pressure control valve
being for controlling a pressure inside the analysis chan-
nel to a pressure by which the mobile phase is placed in
a supercritical state.

EFFECTS OF THE INVENTION

[0018] According to the pressure control valve of the
present invention, a gap that is formed between the bot-
tom surface of the bore hole and the valve body forms a
pressure control space for controlling a pressure, and
thus, the pressure control space is very small, and almost
no dead volume is present. Accordingly, components
separated by a separation column of SFC are not mixed
inside the pressure control valve, and the separation per-
formance of the separation column is not impaired.
[0019] The supercritical fluid chromatograph of the
present invention uses the pressure control valve of the
present invention to control the pressure inside the anal-
ysis channel, and thus, the separation performance of
the separation column is not impaired, and accurate sep-
aration/analysis may be performed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

Fig. 1 is a channel diagram schematically showing
an example of a supercritical fluid chromatograph.
Fig. 2A is a cross-sectional diagram showing an ex-
ample of a pressure control valve.
Fig. 2B is a diagram showing, from above, the inside
of a bore hole of the pressure control valve of the
example.
Fig. 3 is a cross-sectional diagram showing another
example of the pressure control valve.
Fig. 4 is a cross-sectional diagram showing another
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example of the pressure control valve.
Fig. 5 is a front view showing an example of an ac-
tuator used by the pressure control valve.
Fig. 6 is a block diagram showing a control system
of the actuator in Fig. 5.
Fig. 7 is a flow chart showing control of a piezo ele-
ment of the actuator in Fig. 5.
Fig. 8 is a flow chart showing control of a stepper
motor of the actuator in Fig. 5.
Fig. 9 is a graph showing a change over time in a
piezo applied voltage and in the pressure inside an
analysis channel.
Fig. 10 is a circuit diagram showing an example of
a feedback control circuit of the piezo element.

EMBODIMENTS OF THE INVENTION

[0021] Fig. 1 is a channel diagram schematically show-
ing an example of a supercritical fluid chromatograph.
[0022] A carbon dioxide delivery channel 2 for deliver-
ing liquid carbon dioxide by a pump 6 and a methanol
delivery channel 4 for delivering methanol, which is a
modifier, by a pump 10 are connected to a mixer 14. An
analysis channel 16 is connected to the mixer 14. A sam-
ple injection section (autosampler) 18 for injecting a sam-
ple into the analysis channel 16, a separation column 20,
a detector 22, and a pressure control valve 24 are ar-
ranged on the analysis channel 16.
[0023] Carbon dioxide and methanol are mixed by the
mixer 14, and are introduced into the analysis channel
16 as a mobile phase. The carbon dioxide delivery chan-
nel 2, the methanol delivery channel 4, and the mixer 14
form a mobile phase delivery section. The internal pres-
sure of the analysis channel 16 is controlled to 10 MPa
or more by the pressure control valve 24, and a mobile
phase that is introduced into the analysis channel 16 is
placed in the state of a supercritical fluid. A sample that
is injected by the sample injection section 18 is carried
to the separation column 20 by the mobile phase which
has turned into a supercritical fluid, and is separated into
components and discharged outside via the detector 22
and the pressure control valve 24. Additionally, a mass
spectrometry (MS) may be connected to a later stage of
the pressure control valve 24.
[0024] An example of the pressure control valve 24 will
be described with reference to Figs. 2A and 2B.
[0025] The pressure control valve 24 is provided with
a pressure control block 30. The material of the pressure
control block 30 is a material which is excellent in chem-
ical resistance and pressure resistance, such as stain-
less steel (SUS316). A bore hole 32 is provided being
bored cylindrically and perpendicularly to one outer sur-
face of the pressure control block 30.
[0026] Edge portions of opposing side surfaces of the
pressure control block 30 are tapered, and pipe connec-
tion sections 36a and 36b are provided at respective ta-
pered portions. An end portion of a pipe 40a is fixed to
the pipe connection section 36a by a fixing member 42a

formed from a ferrule and a male nut. In the same manner,
an end portion of a pipe 40b is fixed to the pipe connection
section 36b by a fixing member 42b formed from a ferrule
and a male nut. The inner diameter of the pipes 40a and
40b is, for example, 0.1 mm. A mobile phase flows in
through the pipe 40a, and flows out through the pipe 40b.
[0027] The pressure control block 30 includes an in-
ternal channel 38a that communicates with the pipe con-
nection section 36a, and an internal channel 38b that
communicates with the pipe connection section 36b. End
portions of the internal channels 38a and 38b reach the
center portion of a bottom surface 34 of the bore hole 32,
and form two openings 39a and 39b at the bottom surface
34 of the bore hole 32 (see Fig. 2B). The pipes 40a and
40b communicate with the center portion of the bottom
surface 34 of the bore hole 32 via the internal channels
38a and 38b, respectively. In the present example, the
channels 38a and 38b each form an angle of 60 degrees
with an axis that is perpendicular to the surface where
the bore hole 32 is provided (the angle formed by the
channels 38a and 38b is 120 degrees), and the end por-
tions of the channels 38a and 38b are formed so as to
converge at the center portion of the bottom surface 34
of the bore hole 32. The inner diameter of the channels
38a and 38b is, for example, 0.3 mm or less.
[0028] A disc-shaped valve body 44 is disposed on the
bottom surface 34 of the bore hole 32. The valve body
44 is made of a resistant material with a chemical resist-
ance, an impact resistance, and a pressure resistance.
As the resistant material, a resin such as PBT, PEEK or
ultra high molecular weight polyethylene may be cited.
The valve body 44 covers the entire bottom surface 34
of the bore hole 32, and its peripheral edge portion is
pressed toward the bottom surface 34 of the bore hole
32 by a sealing member 46.
[0029] The sealing member 46 is a cylindrical member
having a through hole at the center portion, and a thread
is formed on its outer circumferential surface. A thread
for being engaged with the thread on the outer circum-
ferential surface of the sealing member 46 is formed on
the inner circumferential surface of the bore hole 32. The
sealing member 46 may be moved vertically inside the
bore hole 32 by being rotated. A tip end surface, of the
sealing member 46, inserted in the bore hole 32 contacts
the peripheral edge portion of the valve body 44, and
presses the peripheral edge portion of the valve body 44
against the bottom surface 34 of the bore hole 32. The
sealing member 46 is formed of a material with certain
hardness, such as PEEK resin or stainless steel, in order
to press the valve body 44 toward the bore hole 32, and
does not have to have a chemical resistance.
[0030] A pressing rod 48 penetrates the through hole
at the center of the sealing member 46. The inner diam-
eter of the through hole of the sealing member 46 is, for
example, about 2 mm and the pressing rod 48 has an
outer diameter that is slightly smaller than the inner di-
ameter. A tip end of the pressing rod 48 is in contact with
the center portion of the valve body 44. The pressing rod
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48 is driven along one direction (vertical direction in the
drawing) by an actuator 56. Details of the actuator 56 will
be given later.
[0031] According to this pressure control valve 24, a
small gap is formed between the center portion of the
bottom surface 34 of the bore hole 32 and the valve body
44 by a pressure from a mobile phase flowing in from the
pipe 40a, and the mobile phase flows through the gap.
By controlling the size of the gap between the center
portion of the bottom surface 34 of the bore hole 32 and
the valve body 44 by the actuator 56, the pressure inside
the channel at the upstream side of the pressure control
valve 24 is controlled.
[0032] With the pressure control valve 24, the height
of the gap between the bottom surface 34 of the bore
hole 32 and the valve body 44 in a state where the pres-
sure inside the upstream channel is maintained at 10
MPa or more is about several micrometers, and its inter-
nal volume is 1 mL or less. Accordingly, the pressure may
be controlled with high accuracy in a state where a minute
amount of mobile phase is made to flow. Moreover, since
the peripheral edge portion of the valve body 44 is sealed
by being pressed against the bottom surface 34, there is
almost no dead volume to be a stagnation point of the
mobile phase.
[0033] As shown in Fig. 3, a valve body formed from
an elastic member 44a and a protective film 44b may be
used in place of the valve body 44 in Fig. 2A. The elastic
member 44a is formed of a rubber material (for example,
Viton (registered trademark), Kalrez (registered trade-
mark), Perfluoro (registered trademark)) having more
elasticity than the valve body 44 of the example described
above, and the protective film 44b is formed of a resistant
material with a chemical resistance, an impact resist-
ance, and a pressure resistance. By forming the valve
body by a highly elastic rubber material, the proportion
of the amount of displacement of the center portion of
the valve body to the amount of displacement of the
pressing rod 48 is reduced, and the resolution of control
of the gap between the center portion of the bottom sur-
face 34 of the bore hole 32 and the valve body may be
enhanced.
[0034] In the present example, the force of pressing
the peripheral edge portion of the valve body 44 against
the bottom surface of the bore hole 32 is adjusted by
displacing the sealing member 46 inside the bore hole
32 by rotation of the sealing member 46, but the present
invention is not limited to such a configuration. For ex-
ample, as shown in Fig. 4, a flange portion having a larger
outer diameter than the bore hole 32 may be provided at
a portion, of a sealing member 46a, which is not inserted
in the bore hole 32, and the flange portion may be fixed
to the pressure control block 30 by a screw.
[0035] Next, an example of the actuator 56 will be de-
scribed with reference to Fig. 5.
[0036] The actuator 56 includes a stepper motor 70
and a piezo element 72. The piezo element 72 is for ver-
tically displacing a displacement section 72a that is ar-

ranged vertically downward. The dynamic range of the
piezo element 72 is about 10 mm, and the piezo element
72 has a control resolution of nanometers. That is, the
position of the displacement section 72a may be control-
led in nanometers according to the size of a voltage that
is applied between 0 V to 100 V. The tip end of the dis-
placement section 72a contacts a pressing rod 54, and
the gap between a recessed section 42 and a protruding
section 44b inside the pressure control block 30 may be
controlled in nanometers by controlling the applied volt-
age to the piezo element 72. The piezo element 72, the
displacement section 72a, and the pressing rod 54 form
a piezoelectric mechanism. The piezo element 72 is held
by a piezo holding member 76.
[0037] When a positive or negative voltage in one pulse
is applied, the stepper motor 70 rotates a bar screw 74
in a forward or reverse direction by the angle correspond-
ing to one step. The piezo holding member 76 is held
being engaged with the bar screw 74, and is raised or
lowered according to the rotation of the bar screw 74.
The stepper motor 70, the bar screw 74, and the piezo
holding member 76 form a stepper mechanism.
[0038] Here, with respect to the rotation direction of
the stepper motor 70, the direction of lowering the piezo
holding member 76 is defined as the forward direction,
and the direction of raising the piezo holding member 76
is defined as the reverse direction.
[0039] A control system of the actuator 56 will be de-
scribed with reference to Fig. 6.
[0040] The stepper motor 70 and the piezo element 72
are controlled by a control section 80. Analysis informa-
tion such as the flow rate of a mobile phase and the pres-
sure inside the analysis channel 16 are set in the control
section 80 by an analyst by an input section 81. The con-
trol section 80 controls the pressure inside the analysis
channel 16 to a set value, based on a pressure value (set
value) which has been set. In order to control the stepper
motor 70 and the piezo element 72, the control section
80 includes piezo control means 80a, stepper motor con-
trol means 80b, and start position adjustment means 80c.
[0041] The piezo control means 80a is configured to
control an applied voltage to the piezo element 72 in such
a way that the pressure inside the analysis channel 16
will be at the set value. Although not shown in Fig. 1, a
pressure sensor 82 for measuring the pressure inside
the analysis channel 16 is provided, and a measurement
value of the pressure sensor 82 is captured into the con-
trol section 80. The piezo control means 80a outputs an
applied voltage to the piezo element 72 in such a way
that the measurement value of the pressure sensor 82
will be at the set value.
[0042] The piezo control means 80a includes a feed-
back control circuit shown in Fig. 10. The feedback con-
trol circuit is configured to input a measurement value of
the pressure sensor 82 and the set value to an opera-
tional amplifier 90, and to output a value obtained by am-
plifying the difference by a specific factor as a piezo ap-
plied voltage. The piezo applied voltage that is output
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from the feedback control circuit is captured into the con-
trol section 80.
[0043] The stepper motor control means 80b is config-
ured to adjust the position of the stepper motor 70 ac-
cording to the driving state of the piezo element 72. The
piezo element 72 is controlled in such a way that a meas-
urement value of the pressure sensor 82 will be at the
set value, but if the ambient temperature, the composition
of the mobile phase, or the like is changed, the amount
of driving of the piezo element 72 that is necessary to
cause the measurement value of the pressure sensor 82
to be at the set value may change to outside the dynamic
range of the piezo element 72. The stepper motor control
means 80b drives the stepper motor 70 when the amount
of driving necessary to cause the measurement value of
the pressure sensor 82 to be at the set value is about to
move out of the dynamic range of the piezo element 72
and changes the position of the piezo element 72 to there-
by change the range of the amount of displacement that
can be controlled by the piezo element 72.
[0044] Whether the stepper motor 70 is to be operated
or not is determined based on whether an applied voltage
to the piezo element 72 is between an upper limit value
(for example, 70 V) and a lower limit value (for example,
30 V) that are set in advance. The stepper motor control
means 80b regularly monitors the applied voltage to the
piezo element 72, and when the applied voltage to the
piezo element 72 is over the upper limit value or below
the lower limit value, the stepper motor control means
80b drives the stepper motor 70 and maintains the ap-
plied voltage to the piezo element 72 between the upper
limit value and the lower limit value at all times.
[0045] The start position information adjustment
means 80c is configured to adjust the stepper motor 70
to an appropriate start position based on an analysis con-
dition input via the input section 81 and start position
information held by a start position information holding
section 88. The approximate amount of displacement of
the drive section 72a that is necessary to cause the pres-
sure inside the analysis channel 16 to be at a set pressure
may be calculated from the analysis condition input via
the input section 81, and the appropriate position of the
stepper motor 70 (the number of steps in the forward or
reverse direction) may be calculated from the calculated
amount of displacement of the drive section 72a. Infor-
mation about a relationship between a set pressure or
the flow rate of a mobile phase and the position of the
stepper motor 70 is held, as the start position information,
by the start position information holding section 88, and
the start position information adjustment means 80c cal-
culates the start position of the stepper motor 70 based
on the input analysis condition and the start position in-
formation in the start position information holding section
80c, and drives the stepper motor 70 to the start position.
[0046] Control of the piezo element 72 will be de-
scribed with reference to the flow chart in Fig. 7.
[0047] The applied voltage to the piezo element 72 is
set in such a way that the measurement value of the

pressure sensor 82 is equal to the set value. The meas-
urement value of the pressure sensor 82 is captured on
a regular basis, and a difference between the captured
measurement value of the pressure sensor 82 and the
set value is obtained, and a voltage according to the dif-
ference is applied to the piezo element 72.
[0048] Control of the stepper motor 70 will be described
with reference to the flow chart in Fig. 8.
[0049] At the start of analysis, the start position of the
stepper motor 70 is calculated based on the analysis con-
dition that is set and the start position information in the
start position information holding section 88, and the
stepper motor 70 is adjusted to the start position. Then,
the applied voltage to the piezo element 72 is captured
on a regular basis from a piezo drive section 84. If the
captured applied voltage is above the upper limit value,
the stepper motor 70 is moved forward by one step (ro-
tated in the forward direction), and if the applied voltage
is below the lower limit value, the stepper motor 70 is
moved backward by one step (rotated in the reverse di-
rection).
[0050] Additionally, if the frequency of control of the
stepper motor 70 is not sufficiently less than the frequen-
cy of control of the piezo element 72, the stepper motor
70 oscillates to the other side of the normal movable
range of the piezo element 72, and thus, control of the
stepper motor 70 is desirably performed about once eve-
ry 10 to 100 msec.
[0051] Fig. 9 shows a change over time in the piezo
applied voltage and in the pressure inside the analysis
channel at the time of control of the pressure inside the
analysis channel of the supercritical fluid chromatograph
by the actuator 56 in Fig. 5. Each of points A to E in the
drawing indicates a time point of driving of the stepper
motor 70. In this measurement, the upper limit value of
the piezo applied voltage as the trigger for driving of the
stepper motor 70 is set to 70 V, the lower limit value to
30 V, and the pressure inside the analysis channel to 10
MPa.
[0052] At points A, B, and C, the piezo applied voltage
exceeds 70 V, and thus, the stepper motor 70 is driven
by one step in the forward direction, and the piezo ele-
ment 72 is lowered by 2 mm. Accordingly, the applied
voltage to the piezo element 72 necessary to cause the
pressure inside the analysis channel to be 10 MPa is
reduced. At points D and E, the piezo applied voltage is
below 30 V, and thus, the stepper motor 70 is driven by
one step in the reverse direction, and the piezo element
72 is raised by 2 mm. Accordingly, the applied voltage to
the piezo element 72 necessary to cause the pressure
inside the analysis channel to be 10 MPa is increased.
[0053] It can be seen from Fig. 9 that the pressure in-
side the analysis channel is controlled within the range
of about 60.01 MPa with respect to the set pressure 10
MPa. This is because the position of the piezo element
72 is adjusted by the stepper motor 70 according to the
applied voltage to the piezo element 72, and the piezo
element 72 is thereby constantly driven within the oper-
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ation range.

DESCRIPTION OF REFERENCE SIGNS

[0054]

2: Carbon dioxide delivery channel
4: Methanol delivery channel
6, 10: Pump
8: Carbon dioxide
12: Methanol (modifier)
14: Mixer
16: Analysis channel
18: Sample injection section
20: Separation column
22: Detector
24: Pressure control valve
30: Pressure control block
32: Bore hole
34: Bore hole bottom surface
36a, 36b: Pipe connection section
38a, 38b: Internal channel
40a, 40b: Pipe
42a, 42b: Fixing member
44: valve body
46, 46a: Sealing member
48: Pressing rod
56: Actuator
70: Stepper motor
72: Piezo element
72a: Displacement section
74: Bar screw
76: Piezo element holding section
80: Control section
80a: Piezo control means
80b: Stepper motor control means
80c: Start position adjustment means
81: Input section
82: Pressure sensor
88: Start position information holding section
90: Operational amplifier

Claims

1. A pressure control valve comprising:

a pressure control block including a bore hole
being bored perpendicularly from one outer sur-
face, and two internal channels openings of
whose end portions are at a bottom surface of
the bore hole;
a valve body having elasticity and covering the
bottom surface of the bore hole;
a sealing member for pressing a portion of the
valve body against the bottom surface of the
bore hole, the portion abutting a peripheral edge
portion of a portion of the bottom surface where

the openings are provided; and
an actuator for driving a portion, of the valve
body, abutting the portion where the openings
are provided in a direction perpendicular to the
bottom surface of the bore hole.

2. The pressure control valve according to claim 1,
wherein the valve body is made of a resistant mate-
rial with a chemical resistance, an impact resistance,
and a pressure resistance.

3. The pressure control valve according to claim 1,
wherein the valve body is made from an elastic mem-
ber having elasticity and a protective film that is
present between the elastic member and the bottom
surface of the bore hole, and the protective film is
made of a resistant material with a chemical resist-
ance, an impact resistance, and a pressure resist-
ance.

4. The pressure control valve according to any one of
claims 1 to 3,
wherein the bore hole is formed into a cylindrical
shape,
wherein the sealing member includes a cylindrical
portion that is fitted in the bore hole, and
wherein the actuator drives a rod-shaped member
that penetrates the cylindrical portion of the sealing
member and whose tip end is in contact with a center
portion of the valve body.

5. The pressure control valve according to claim 4,
wherein a thread is formed on an inner circumferen-
tial surface of the bore hole, a thread for being en-
gaged with the thread on the inner circumferential
surface of the bore hole is formed on an outer cir-
cumferential surface of the cylindrical portion of the
sealing member, and a position of the cylindrical por-
tion in a depth direction inside the bore hole is
changed by rotation of the sealing member.

6. A supercritical fluid chromatograph comprising:

an analysis channel;
a mobile phase delivery section for delivering a
mobile phase into the analysis channel;
a sample introduction section for introducing a
sample into the analysis channel;
a separation column that is arranged on the
analysis channel, on a downstream side of the
sample introduction section;
a detector that is arranged on the analysis chan-
nel, on a downstream side of the separation col-
umn, the detector being for detecting a sample
component separated by the separation col-
umn; and
a pressure control valve according to any one
of claims 1 to 5, the pressure control valve ar-
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ranged on the analysis channel, on a down-
stream side of the detector, the pressure control
valve being for controlling a pressure inside the
analysis channel to a pressure by which the mo-
bile phase is placed in a supercritical state.
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