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Density and viscosity measurement of high-pressure liquids using a quartz
crystal resonator

YAMAWAKI, Hiroshi
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The pressure dependence of viscosity has been determined in the pressure
range up to 400 MPa using a quartz crystal resonator that the change in the resonance peak is
correlated with the product of viscosity and density. However, it was necessary to separate
viscosity and density. First, using a simple variable volume method that calculates volume change
from the advance of the piston in a piston-cylinder high-pressure device, the pressure dependence of

the viscosity and density of the oleic acid liquid phase were obtained. Then, by taking advantage
of the fact that the response of the TiO2-coated crystal resonator is correlated with density, it
was possible to calculate the pressure dependence of density and viscosity, respectively, by
measurements using two types of crystal resonators (with and without Ti0O2 coating).



MPa
200 —~
300 MPa

200 MPa

U 100 MPa
200 MPa AT-cut

Agilent4294A

PTFE



TiO2

TiO;
1)
3.0 T T -
Ve 2.0 a
=
£
1.0 g
20
—0-293K
MHz 0.0 “ 313K
. —-333K 1
n 20 MHz @ literature
& |it. (303 K)
T lit. (348 K)
-1.0 ‘ ‘ ‘
0 100 200 300 400
Pressure [MPa]
30MPa
293 313 333 K 400MPa
Inn n
)
Line & Space Ni

600nm



(a) ‘
1000 |
(PTFE) 060 |
(‘Og
PTFE g 920 - —-0-313K
) < -0-333K
) 880 _A_I3t5:(331KSK |
* It
PTFE lit. 333 K
+ 1% 840 X * lit. 353 K
by =
® Z oot} o o o
313 333 K -~ NP e
%" 000 OSOAO .
400 MPa ' & " =" ® _ s s s &
313 333 353 K 400 MPa = -0'010 50 100 150 200 250 300 350 400
Pressure (MPa)
(4)
DFT B y B
0.3GPa 5 B 629, 1694
2653 cm?* 3 DFT
629 cm™ H-C=C-H C-H
1694 cm?* C=0 2653 cm?*  O-H
C=0 O-H Y
10 GPa
893 cm™* O-H a - C-H
B 1687 cm? C=0 2643 cm?*  O-H
Y
B
313 K 333K 353 K 400 MPa
PTFE

Tammann-Tait

In n



2 1
1050 6.0
(a) (b)
-O-313K
--0-333K
1000 | --A--353 K A—’j 50} /;
,D‘ - ¢ - -2
o “ : o ’PA//EA/
g 950 | ,,:Arj,xﬁ , = 40f o
> %"% IS p-Ox
X ,O, R g /A/
y e z’U’AI — /l:l d
& 00| Ol 1 80fs 27 0 313K
o 7 o O 333K
[ f //A’ v a 353K
850 |4 ] 20 s 303K[17]
v 348K [17]
. L . 1.0 . ! L
8005 100 200 300 400 0 100 200 300 200
Pressure, MPa Pressure, MPa
(@) (b)
(5) TiO»
TiO,
TiO,
AP
1.00
313 K 333 K 300 MPa
0.95 | {) |
+ 1% % @)ﬁé ;{V‘I’
3 0 N 2 f
&> 0.90 . 11)’ ,
Ve S &0
Q @;%V
4 ,{)” —O - p(obs.)_313K
313 K 333 K 0.85 o p(lit)_313K
-0 - p(obs.)_333K
o p(lit)_333K
0.80 ! 1




5 5 0

Yamawaki Hiroshi 43

Dependence of the Viscosity of Bromobenzene on Pressure up to 400 MPa 2022

International Journal of Thermophysics 125
DOI

10.1007/s10765-022-03051-8

Yamawaki Hiroshi Fujihisa Hiroshi 265

Infrared spectra of the B and y phases of oleic acid under high pressure 2022

Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy

120290 120290

DOl
10.1016/j .saa.2021.120290

Yamawaki Hiroshi 94

Simple measurement of the pressure dependence of density for fatty acid esters 2023

Review of Scientific Instruments 53902
DOI

10.1063/5.0145082

Yamawaki Hiroshi 44

Pressure Dependence of the Viscosity and Density of Oleic Acid 2023

International Journal of Thermophysics 159

DOl
10.1007/s10765-023-03270-7




Yamawaki Hiroshi 45
Liquid density measurement in high-pressure region using quartz crystal resonators 2024
International Journal of Thermophysics 91

DOl
10.1007/s10765-024-03387-3

62

2021

web -—=
https://staff.aist.go.jp/h.yamawaki/kakenhi._html
https://unit.aist.go.jp/meml/rg-msp/techniques.html

researchmap
https://researchmap.jp/h_yamawaki







