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An Explanation for the Flutter Paradox in the Supercritical Region of a Simply-
Supported Fluid-Conveying Pipe
Bxniehr e B BRR ERIRIFRIEE
By Ding Ming, Meng Shuai, Liu Zhen, Zhan Junhan
State Key Laboratory of Ocean Engineering, Shanghai Jiao Tong University, Shanghai
200240, China

Abstract

Employing traditional Galerkin method, a coupled-mode flutter is predicted in the
supercritical region of simply-supported pipes which constitutes a paradox since the
internal flow effect is conservative and there is no energy to sustain the oscillation.
Although there is a consensus that the flutter does not exist, the intrinsic mechanism
remains to be clarified. This study has found that the internal flow induced Coriolis
force term cannot be decoupled in traditional Galerkin method which leads to the
dissatisfaction of the convergence conditions required in weighted residual approach
(WRA). Moreover, the disparities in the predicted complex frequencies have been
witnessed at different base function numbers when the internal flow velocity is
sufficiently large. A modified Galerkin method adopting a new set of weighting
functions is proposed based on WRA, and the Coriolis force term disappears by use of
the orthogonality relations (it is stated that the Coriolis force is not directly omitted).
Thus, a convergent solution for the set of residual functions which are identically
equal to zeros can be guaranteed. Employing the modified method, the convergence in
simulations is confirmed and the flutter phenomenon does not occur. This study can
be a workbench for the study on the unsolved or partly solved issues in simulations of
fluid-conveying pipes. Moreover, it has demonstrated that the predictions in
traditional Galerkin method overestimate the natural frequencies, and it becomes
more profound in higher-order natural modes at larger internal flow velocities which

are of practice significance for dynamic analysis of flexible pipeline systems.

Keywords: simply-supported pipe, internal flow effect, paradox explanation, weighted

residual approach, fluid-structure interaction, pipeline technology

ERIHGE : https://doi.ore/10.1115/1.4062718




Analysis of 10 Phthalate Esters in Water-Based Adhesives by Supercritical Fluid
Chromatography—-Tandem Mass Spectrometry Combined With Spherical
Carbons-Based Dispersion Solid-Phase Extraction
IR SFMAS B RE- b E AL B B E 0 BUEAEZE I D K ERE ST PRy 10 BHEK
PR
By Jun Yan, Zhiyan Chen, Chunqiong Wang, Yun Xue, Li Lin, Chen He, Xiao Zhou, Fei
Yang, Yun Zhou, Gangling Tang
China National Tobacco Quality Supervision and Test Center, Zhengzhou 450001, China

Abstract

Background

Spherical carbons have a porous structure and large surface area for adsorption of
macromolecules in water-based adhesives. Supercritical fluid chromatography (SFC)

can improve selectivity and obtain better separation for phthalate esters (PAEs).

Objective
The aim of this study was to develop a simple and green method for the simultaneous
determination of 10 PAEs in water-based adhesives using SFC—tandem mass

spectrometry with dispersion solid-phase extraction by spherical carbons.

Method
Separation of PAEs on a Viridis HSS C18 SB column and the parameters affecting

the extraction were evaluated.

Results

Good accuracy and precision were obtained with the recoveries at 0.5, 2.0, and

10.0 mg/kg ranging from 82.9 to 99.5% and the intra- and inter-day precision less
than 7%. The method had excellent sensitivity with limits of detection in the range of
0.015-0.029 mg/kg. In the 10-500 ng/mL concentration range, the linear correlation

coefficients of all compounds were between 0.9975 and 0.9995.

Conclusions
The method was applied to the determination of 10 PAEs in actual samples. This
method is simple and rapid with low solvent consumption and high extraction

efficiency. When applied to the determination of PAEs in actual samples, the method




is sensitive and accurate and can meet the batch processing requirements for trace ——

PAEs in water-based adhesives.

Highlights
PAEs in water-based adhesives can be determined using inexpensive materials and

simple procedures with SFC.

ERIHGE ; https://doi.org/10.1093/jaoacint/qsad048




Chemistry and Dynamics of Supercritical Carbon Dioxide and Methane in the

Slit Pores of Layered Silicates
BAAYRE R A P8R R _ SERAP R EEME HE
By Geoffrey M. Bowers*, Narasimhan Loganathan, John S. Loring, Herbert Todd
Schaef, and A. Ozgur Yazaydin
Department of Chemical Engineering, University College London, London, U.K.

Abstract

In the mid 2010s, high-pressure diffraction and spectroscopic tools opened a window
into the molecular-scale behavior of fluids under the conditions of many CO>
sequestration and shale/tight gas reservoirs, conditions where CO; and CH4 are
present as variably wet supercritical fluids. Integrating high-pressure spectroscopy
and diffraction with molecular modeling has revealed much about the ways that
supercritical COz and CH4 behave in reservoir components, particularly in the slit-
shaped micro- and mesopores of layered silicates (phyllosilicates) abundant in
caprocks and shales. This Account summarizes how supercritical CO2 and CH4
behave in the slit pores of swelling phyllosilicates as functions of the H>O activity,
framework structural features, and charge-balancing cation properties at 90 bar and
323 K, conditions similar to a reservoir at ~1 km depth. Slit pores containing cations
with large radii, low hydration energy, and large polarizability readily interact with
COa, allowing CO> and H>O to adsorb and coexist in these interlayer pores over a
wide range of fluid humidities. In contrast, cations with small radii, high hydration
energy, and low polarizability weakly interact with CO, leading to reduced CO-
uptake and a tendency to exclude CO; from interlayers when H>O is abundant. The
reorientation dynamics of confined CO2 depends on the interlayer pore height, which
is strongly influenced by the cation properties, framework properties, and fluid
humidity. The silicate structural framework also influences CO; uptake and behavior;
for example, smectites with increasing F-for-OH substitution in the framework take
up greater quantities of CO». Reactions that trap CO; in carbonate phases have been
observed in thin H>O films near smectite surfaces, including a dissolution—
reprecipitation mechanism when the edge surface area is large and an ion exchange—
precipitation mechanism when the interlayer cation can form a highly insoluble
carbonate. In contrast, supercritical CHs does not readily associate with cations, does

not react with smectites, and is only incorporated into interlayer slit mesopores when




= =+
(1) the pore has a z-dimension large enough to accommodate CHa, (ii) the smectite has —

low charge, and (iii) the H2O activity is low. The adsorption and displacement of CH4
by CO; and vice versa have been studied on the molecular scale in one shale, but
opportunities remain to examine behavioral details in this more complicated, slit-pore

inclusive system.

ERAGRE © https://doi.org/10.1021/acs.accounts.3c00188




Numerical simulation of flow and heat transfer performance during supercritical
water injection in vertical wellbore: A parameter sensitivity analysis
BEHBRFEKRENEMMEBEES | SEBUREI T
By
Qiuyang Zhao*, Yuhuan Lei?, Hui Jin®®, Lichen Zheng?, Yechuan Wang®, Liejin Guo®
2 State Key Laboratory of Multiphase Flow in Power Engineering, Xi'an Jiaotong University,
Xi'an, 710049, China
b Xinjin Weihua Institute of Clean Energy Research, Foshan, 528216, China

Abstract

Supercritical water injection is a promising technology for heavy oil thermal recovery.

Predicting and regulating the thermophysical parameters of supercritical water

at bottomhole are the prerequisite for achieving high recovery efficiency. In this
paper, a novel numerical model was proposed to simulate wellbore flow and heat
transfer of supercritical water injection. A modified correlation of frictional
coefficient was developed to calculate water flow resistance near its critical point,
where its properties change abruptly. The unsteady heat loss to the formation was

calculated directly by solving two-dimensional unsteady heat conduction equations.

They were respectively coupled in momentum and energy balance equations using an

iterative scheme. This model was proved to be accurate by two oilfield cases in which
the relative errors of wellbore fluid pressure and temperature are less than 1%. Then

parameters sensitivity analysis of the injection pressure, temperature, mass flux and

the apparent heat conductivity of insulating tube was conducted. The results indicated

that the temperature variation of wellbore fluid depended on both enthalpy drop (or
heat loss) and Joule-Thomson effect. An abnormal phenomenon that the fluid
temperature increased with wellbore depth near the critical and pseudo-critical points
was found because of the sudden increase in high heat capacity and Joule-Thomson
coefficient of water. Raising the bottomhole fluid temperature was the key

to enhanced oil recovery by supercritical water injection. Low apparent heat

conductivity of insulating tube contributed richly to raise bottomhole fluid

temperature by enlarging thermal resistance and reducing wellbore heat loss. There

existed an optimal mass flux for maximizing bottomhole temperature, because when

the mass flux increased, the shortened resident time within wellbore and the decreased
fluid pressure favored temperature increase and decrease respectively. Selecting an

injection pressure near the critical or pseudo-critical point and raising the injection



temperature would increase the bottomhole temperature and reduce relative fluid heat

loss.

Keywords: Supercritical water injection, Wellbore flow and heat transfer, Joule

Thomson effect, Near-critical area, Parameter sensitivity analysis

BRIE © https://doi.org/10.1016/j.ijthermalsci.2022.107855




Recycling Hazardous and Valuable Electrolyte in Spent Lithium-Ion Batteries:

Urgency, Progress, Challenge, and Viable Approach
ClYEEEER FENPEEERBENSRE | BiEM - £R - MBI THA
By Bo Niu*, Zhenming Xu, Jiefeng Xiao, and Yufei Qin
College of Resources and Environmental Science, Hebei Agricultural University, Hebei
Baoding 071000, People’s Republic of China

Abstract

Recycling spent lithium-ion batteries (LIBs) is becoming a hot global issue due to the
huge amount of scrap, hazardous, and valuable materials associated with end-of-life
LIBs. The electrolyte, accounting for 10—15 wt % of spent LIBs, is the most
hazardous substance involved in recycling spent LIBs. Meanwhile, the valuable
components, especially Li-based salts, make recycling economically beneficial.
However, studies of electrolyte recycling still account for only a small fraction of the
number of spent LIB recycling papers. On the other hand, many more studies about
electrolyte recycling have been published in Chinese but are not well-known
worldwide due to the limitations of language. To build a bridge between Chinese and
Western academic achievements on electrolyte treatments, this Review first illustrates
the urgency and importance of electrolyte recycling and analyzes the reason for its
neglect. Then, we introduce the principles and processes of the electrolyte collection
methods including mechanical processing, distillation and freezing, solvent
extraction, and supercritical carbon dioxide. We also discuss electrolyte separation
and regeneration with an emphasis on methods for recovering lithium salts. We
discuss the advantages, disadvantages, and challenges of recycling processes.
Moreover, we propose five viable approaches for industrialized applications to
efficiently recycle electrolytes that combine different processing steps, ranging from
mechanical processing with heat distillation to mechanochemistry and in situ
catalysis, and to discharging and supercritical carbon dioxide extraction. We conclude
with a discussion of future directions for electrolyte recycling. This Review will
contribute to electrolyte recycling more efficiently, environmentally friendly, and

economically.

Bl 2KR : https://doi.org/10.1021/acs.chemrev.3c00174




Supercritical CO2 and Water Injection Induced Fracturing - Application to
Geological Carbon Sequestration
BRSR CO MEKFERR — BT FHINER
By Blessed C. A. Amoah; Son T. Dang; Chandra S. Rai; Carl H. Sondergeld

Mewbourne School of Petroleum and Geological Engineering, University of Oklahoma

Abstract

To safely sequester carbon dioxide (CO») in the subsurface, it is vital to maintain the
injection pressure below formation breakdown pressure, which is dominantly
governed by lithology, principal stresses, and presence of natural fractures. This
prevents the creation of injection-induced fractures and its associated seismicity
which are undesirable occurrences for CO; sequestration projects. However, higher
injection pressure allows more formation fluids to be displaced, thus enhancing the
effective storage capacity of the sequestration zone. To optimize the injection
pressure, leak-off tests are typically conducted with a water-based drilling fluid to
determine the breakdown pressure. But, considering the significant dissimilarity in
fluid properties between water and supercritical CO; (ScCO») the resulting breakdown
pressure, failure mechanism and extent of damage can vary. In this study, we
investigate how different injectates (ScCO» and water) impact rock fracturing.

We conducted six triaxial fracturing tests on 2.5% KCI brine saturated samples using
ScCO; and water. All 4 inches diameter cylindrical rock samples were plugged from
the same block of Tennessee sandstone. The injection pressure and acoustic emissions
were simultaneously recorded in real time. We mounted an array of sixteen 1| MHz
piezoelectric transducers around the samples to capture acoustic emission (AE)
attributes which were used to calculate the events’ location, chronological order, and
amplitude. After the fracturing tests, vertical plugs were drilled along the main
fracture and used to measure permeability under confining stress. We also imaged the
fractures using the scanning electron microscope (SEM).

For samples fractured with ScCO», the breakdown pressure was reduced by ~ 16% as
compared to the breakdown pressure with water, and the permeability of the plugs
taken along the main fracture was consistently one order of magnitude greater, across
the entire range of confining pressure (500 psi to 4000 psi). Physical examination of
the fractured samples revealed that ScCO» fracturing created bi-wing fractures that

spanned the entire length of the sample, whereas water fracturing created fractures



which propagated only through the lower half of the samples. The number of AEs in
ScCO:s: fracturing increased by a factor of 4 on average, and the AEs had broader
distribution perpendicular to the fracture plane, compared to that of water fracturing.
SEM imaging of fractures created by ScCO: injection revealed wider fracture aperture
(~ 4 times) and intense cracking with several lose grains over fractures created by
water injection.

Based on the experimental results, we have observed that fracturing with

ScCO; occurs at a lower breakdown pressure; therefore, the value estimated from
leak-off test should be used as the upper limit for injection pressure. The lower
breakdown pressure with ScCO- could be attributed to the fact that CO2 has greater
diffusivity, enabling it to reach the crack tip more easily and promote propagation.
ScCO, fracturing will result in larger damage in both fracture propagation extent and
permeability due to the sudden expansion of ScCO», which releases energy to further
the crack extension. Consequently, ScCO» fractures can propagate over longer
distances vertically, potentially compromising the integrity of the seal above and
below the storage zone. These fractures are highly transmissive, which could facilitate
CO; leakage by providing a pathway for migration. To safely operate the
sequestration zone, testing core samples in the laboratory using CO» to know the exact

breakdown pressure is recommended.
Keywords: geologist, upstream oil & gas, wellbore design, drilling fluids and
materials, united states government, rock type, sedimentary rock, geology, subsurface

storage, clastic rock
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Abstract

Doping of graphene with variety of heteroatoms is presently focused for
electrochemical supercapacitor applications because it functions as a hybrid
supercapacitor. Herewith, we report the fabrication of Se-doped graphene with
selenium dioxide using supercritical fluid technique. Both existence, as well as the
quantity of Se-doping in graphene are established using XPS and EDAX

techniques. The Se-doped graphene derived from the weight ratio of selenium
dioxide and graphene oxide in 1:3 has realized an enriched gravimetric capacitance
achieving 581 F g-1 (1 M H2S04). The specific capacity of the optimised Se-doped
graphene based symmetric supercapacitor in 0.01 M solution of ammonium vanadate
in 1 M H2S0O4 solution is found to be 420 C g-1 and attained an improved
capacitance retention of 85% over 50000 cycles along with 94% coulombic
efficiency. The energy density of the Se-doped graphene symmetric supercapacitor is
found to be 23.33 Wh kg-1 in 0.01 M solution of ammonium metavanadate in 1 M
H2S04 solution.
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