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Novel Low Density Thermal-Insulation Cork Composites with High Performance
Anru Guo', Jie Li', Jie Hu', Dehai Xiao

1.Aerospace Research Institute of Materials & Processing Technology

2.Changchun Institute of Applied Chemistry, Chinese Academy of Sciences

Thermal insulation materials protect normal operation of instruments by blocking heat-transfer. Especially for aerospace
instruments, thermal insulations are key structures, which protect spacecrafts from being burned or overheated in aerodynamic

heating environments. With the development of modern space technology %

, the performance requirement of thermal
insulation material has gradually improved to avoid the thermal damage caused by the aecrodynamic heating generating in the process
of flight on the surface of spacecraft. Some new requirements, such as low density, high heat load adaptability, high mechanical
strength, low-cost, short production cycle, and so on, promotes the rapid development of high performance thermal
insulation materials.

This novel cork composite exhibits low coefficient of thermal conductivity, high heat resistance, ablation resistance, high
suppleness, and excellent mechanical performance. It can be processed into plates and other special-shaped boards, such as U-shaped
and cylinders . These features allow conventional application of cork composite as heat-insulating coating for various parts of

aerospace equipments.

Table 1. Performance parameters of cork composite

Performance Parameters Cork
Density (g/cm’) 0.40~0.45
Thickness (mm) 1.5~5.0
Tensile strength (MPa) 1.0~2.0
Elongation at break (%) >5.0
Coefficient of thermal conductivity (W/m.K) 0.08~0.10
Specific heat capacity (kJ/kg.K) 2.1~2.4
Compressive strength (MPa) >15.0
Compressive elastic modulus (MPa) >8.0
Impact strength (kJ/m?) >1.5
Slenderness 7.5~10.0
Shore scleroscope hardness 72~78

This cork composite is produced from cork grain, modified phenolic resin adhesive, nitrile rubber, reinforced fiber and other
ingredients. The modified phenolic resin affords more than 60% carbon debris at 1000 ‘C, and exhibits excellent properties on high
temperature resistance, instantaneous ablation resistance, mechanical performance, and flame resistance. The introduction of

modified phenolic resin could greatly enhance the ablation resistance of cork composite, while nitrile rubber improves the suppleness,



and reinforced fiber enhances the tensile strength and impact-resistance strength. The physical and mechanical parameters of cork
composite are summarized in Table 1.

When ablated at 800 ‘C, the flat surface of cork composite with a little cracks indicates its excellent ablation resistance. There is
no significant deformation of cork composite under long-term stress, and a rapid elastic recovery rate is observed. The water
adsorption rate of cork composite is under 1% after 24 hours of swelling test. The good waterproof performance allows the
application of cork composite in humid environment.

The excellent mechanical strength and suppleness of cork composite expands its application range. Besides flat products,
U-shaped, cylinder, cone, as well as other special-shaped products can also be produced according to the protection requirements of
different parts of high-speed flying objects in order to avoid damaging the property of material after secondary processing and
assembly.

The cork composite is a novel low-density and highly efficient thermal insulation material. It possesses low thermal conductivity
coefficient, high temperature resistance, ablation resistance, high slenderness, and excellent mechanical performance. In addition, it
is produced by low-cost raw material and short processing cycle. Therefore, the cork composite will meets various new requirements
on modern space technology for high-performance thermal insulation.
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Microporous ceramics such as zeolites and aluminophosphates are high surface area materials with great potential for catalysis,
filtration and gas separation applications. The application criteria require that these microporous ceramics, which are produced in
powder form, are assembled into mechanically strong hierarchically porous structured bodies. In this regard, binderless processing to
structure microporous ceramics to hierarchically porous adsorbents without addition of binders will be discussed. The rapid thermal
processing of porous ceramic powders will be presented to produce volumetrically efficient hierarchically porous structured
monoliths and laminates with properties to overcome the limitations of conventional adsorbent materials specifically for
decarbonization of power-plant flue gas and biogas streams. Furthermore, nanostructurization will be discussed as a versatile tool to
structure porous adsorbents that outperform conventionally structured zeolites in all aspects of post-combustion decarbonization of
gas streams, including CO, uptake capacity, high CO, over CH, and CO, over N, selectivity, rapid uptake and release kinetics and
mechanical stability. The potential of these structured microporous will be discussed for gas storage in environmental applications.
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The erosion-corrosion behaviors of the full-scale P110SS tubing
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The high temperature erosion-corrosion behaviors of full-scale P110SS oil tubing in the acceleration simulation working
condition of the Moxi 8 gas well were investigated in the present work.

The adopted apparatus was the high temperature and high pressure erosion-corrosion full-scale test system which was
independently developed by TGRI. Measurement and inspection were performed on the macro-morphology and chemical
compositions by KH-7700 digital microscope and direct-reading spectrometer respectively. The micro-morphology and composition
of the corrosion products were characterized by scanning electron microscopy (SEM), X-ray power diffraction (XRD) and
energy-dispersive spectroscopy (EDS).

The results indicated that the BG110SS oil tubing materials suffered catastrophic corrosion; the maximum and average pitting
corrosion rate of the BG110SS in the gas phase fluid were 5.29mm/a and 2.8mm/a respectively; while those in the liquid phase fluid
were 11.13mm/a and 6.21mm/a respectively; A double-layer corrosion products scale, inner FeCOj; layer and outer mixture layer

mainly dominated by FeO. Fe;O4. Fe,O3 and FeO(OH), formed on the BG110SS.
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Preparation of palygorskite-template amorphous carbon nanotubes for the removal of dyes from aqueous solutions
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Carbon materials are research hotspots in the field of material science because of their unique structure and property. Here, a
amorphous carbon nanotubes (CNTs) was synthesized by using natural nanoscale rod-like palygorskite (Pal) as hard template and
glucose as carbon resource through direct impregnation and calcination method. The nanostructures of amorphous CNTs were
systematically characterized by X-ray diffraction, fourier transform infrared spectroscopy, raman spectroscopy, X-ray photoelectron
spectroscopy, and transmission electron microscopy techniques. Analysis of the N, adsorption—desorption isotherm indicated that the
obtained amorphous CNTs possess a hollow structure with a large specific area (877.09 m%g) and pore volume. The formation
mechanism of amorphous CNTs is proposed based on the characterization results. The adsorption test of congo red (CR) dye was
conducted to evaluate the adsorption performance of amorphous CNTs. The maximum adsorption capacity was found to be 467.97
mg/g, which is 14-fold higher than that of Pal/Carbon composite. Furthermore, the adsorption isotherm model and kinetic model
were investigated. The Langmuir isotherm model and the pseudo-second-order model matched well with CR adsorption of
amorphous CNTs. The approximate mechanism underlying the adsorption of CR onto amorphous CNTs was then established. The
fabricated amorphous CNTs exhibit excellent adsorption performance and may thus be a candidate adsorbent for environmental

remediation.
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Effect of electrolyte circulation on metal recovery of waste CPU slot

Xiaoxia Yi, Mengjun Chen*, Feifan Li

Key Laboratory of Solid Waste Treatment and Resource Recycle, Ministry of Education, Southwest University of Science and

Technology, Mianyang 621010, China

As the core part of computers, CPU slot contains a lot of metals and has high recovery value. In this study, slurry electrolysis is
the main method, and the electrolyte recycling system has been used to recover metal from the waste CPU slot under the optimum
experimental condition of the early single cycle. The distribution of metal after slurry electrolysis and 14 electrolysis cycles has been
studied. The experimental results show that Al, Ni and Pb mainly exist in electrolyte or anode slag, Cu, Pd and Au mainly exist in
cathode powder and electrolyte after electrolysis. Pt mainly exists in anode slag, and the existence form of Ag is influenced by the
concentration of chlorine ion in the system. By comparison of single electrolysis and electrolyte electrolysis, the distribution rate of
single metal and total metal in the cathode powder and the recovery rate of copper powder gradually increased. The purity of copper
powder and the metal content in the electrolyte decreased, and the current efficiency of the copper powder shows little obvious
regularity.

Keywords: Waste CPU Slot, Slurry electrolysis, Electrolyte circulation, Metal recovery
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Primary investigation on microwave heating technology applied on metal material melting process
Jingyuan Liu, Daoming CHEN, Xinjian ZHANG, Zhenhong WANG, Bin SU

China Academy of Engineering Physics

Microwave heating technology applied in many fields due to its clean characteristic. However, as to be a strongly reflective
material, metal can not be heated by microwave directly. This research explored the feasibility of microwave melting metal material
by adopting special device and changing the original state of metal material. The study indicated that: At high temperature, metal
material exerted a good microwave absorbing performance. By using SiC crucible, the melting process could be achieved by three
steps: crucible heating metal, both crucible and metal heating and metal heating crucible. Fine raw materials would get increasing

absorbing microwave area, so metal microwave melting technology would have widely future applications for metal recovery.
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Recovery of metals from WPCBs with ionic liquid [MIm]HSO4 by slurry electrolysis

Yaping Qi, Yugai Zhang, Mengjun Chen

Key Laboratory of Solid Waste Treatment and Resource Recycle, Ministry of Education, Southwest University of Science and Technology

With the rapid upgrading of electronic products, a large number of waste printed circuit boards (WPCBs) have been generated.
WPCBs contain not only harmful substances, but also valuable metals, which has enormous resource recovery value. In this study, a
typical ionic liquid [MIm]HSO,4 was applied to replace H,SO, in a slurry electrolytic system in order to recycle metals from WPCBs,
and the effects of ionic liquid [MIm]HSO, with different substitution rates on the leaching rate of metals, current efficiency, purity,
particle size, and metal powders microstructure were investigated and discussed in detail. The results showed that the ionic liquid
[MIm]HSO, had a certain effect on the leaching rate of metals in slurry electrolysis system, which improving the leaching rates of Cu,
Zn, Al and total metals. When more H,SO,4 was replaced by [MIm]HSO,, current efficiency and purity of metal powders first
increased and then decreased. Besides, a smaller particle size of copper powders can be obtained while adding ionic liquid
[MIm]HSO,4, XRD results showed that copper was the main phase, and ionic liquid [MIm]HSO, had little effect on the phase
composition of the metal powders. SEM and EDS results also showed that the purity of copper powder was very high and the

metallic copper powder structure was dendrite structure.
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A novel approach for the recycling and reusing of silicon slurry waste

Helong Hu', Haibin Li'?, Wenjun Yu', Yongzhen Jiao', Tingyi Dong"? Baoguo Lv'?
1.Beijing Trillion Metals Co., Ltd.

2.GRIKIN Advanced Material Co., Ltd

In silicon wafer manufacturing for solar cells, the hazardous sawing waste results in serious environmental problems. In this
paper, a novel approach for the recycling and reusing of slurry waste is reported. The results show that slurry waste is recycled and
reused completely, and composite material of Si3N4-Si2N20-SiC is prepared. The residual gas from oxygen enrich gas production is
used, which reduced cost effectively. In addition, the reaction is exothermic, which is also energy saving and ensure the production to
be continuous without external heat source. The mechanism was also discussed in this paper.

This method is reported for the first time and provides many advantages. First, the slurry waste is complete reused, and the
pollution of the slurry waste reduces to zero. Second, the residual gas contained N, and O, is used, which is almost zero cost. At last,
the reaction in the furnace is exothermic, so the nitridation can process without external heat source. Thus, the production of the

composite materials is continuous. In fact, the discussed process was brought into production for several years.
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Fabrication of a superhydrophobic and corrosion resistant coating on magnesium alloy via a one-step electrodeposition method
Tianxu Zhengl‘z, Yaobo Hu'?

1.College of Materials Science and Engineering, Chongqing University

2.National Engineering Research Center for Magnesium Alloys

A superhydrophobic coating was fabricated on the surface of magnesium alloy via a fast one-step electrodeposition method.
Scanning electron microscopy, energy-dispersive X-ray spectroscopy, Fourier transform infrared spectroscopy, X-ray photoelectron
spectroscopy and contact angle test were used to characterize the surfaces. Corrosion behaviour in a 3.5 wt.% NaCl solution was
evaluated using potentiodynamic polarization test and EIS analysis. The results show that the substrate is covered by magnesium
stearate, reaching a contact angle larger than 150°. Large fraction of air is trapped by the hierarchical structure and the trapped air

will largely impede the contact of corrosive media and film, thus the corrosion resistance is enhanced
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Effects of heat treatment on the microstructure, mechanical properties, and electrical conductivity of Al-Ce hypoeutectic alloy
Mengmeng Wang'?, Jun Wang'?, Haiyan Gao'?, Min Li'%, Yahui Liu', Yangyong Zhao'? Maodong Kang'*

1.Shanghai Jiao Tong University

2.Shanghai Key Laboratory of Advanced Casting Research Center

Al-RE (rare earth) eutectic alloy is one of the most promising conductor materials which have relative high strength, high
electrical conductivity,and superior heat resistance. In this paper, the effect of heat treatment on the microstructure, mechanical
properties, and electrical conductivity of hypoeutectic Al-9.26wt. % Ce (Cerium) alloy were investigated.

According to our study, the relationship between microstructure, mechanical strength, and electrical conductivity of Al-Ce

alloy have been revealed using mechanical tests, electrical conductivity tests, and microstructure characterization.
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During isochronous annealing treatment at 350°C, the Ce atoms are clustered by dislocations to form G-P (Guinier-Preson) zone
and then form coherent nanoprecipitates, resulting in a slight increase in microhardness and electrical conductivity compared to that
of as-cast alloy. Significant spheroidization of layered eutectic Al;;Ce; intermetallics was observed when annealing temperature ups
to 550°C, which resulting in an increase in electrical conductivity and slight decrease in microhardness. The isothermal annealing
treatment was performed on as-cast alloy at 550°C with duration ranges from 24h to 96h. As the increase of the annealing time, the
electrical conductivity increased from 49.33%IACS (International Annealed Copper Standard) in the as-cast state to 53.91%IACS,
and the hardness decreased from 49.1Hv to 41.4Hv.

It was found that the eutectic spheroidization was the main cause of the increase in electrical conductivity and the decrease in

microhardness.
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Optimized methods for Headspace Gas Chromatography-Mass Spectrometry (HS-GC-MS) analysis of the volatile organic
compounds (VOCs) at different manufacturing stages for regeneration of recycled PET

Shanshan Liu, Jiyue Hu, Dan Qin, Lingling Gao, Ye Chen, Fuyou Ke, Chaosheng Wang, Huaping Wang

Donghua University

VOC emissions from recycled PET are recognized as one of the major causes of poor healthy condition. Much attention has
been increasingly focused on VOCs produced from regenerated PET for their significance in ecological safety. These emissions may
be strongly influenced by the raw materials and manufacturing techniques of the recycled PET. However, there is very little
published information regarding this issue. Although there are some approches to analyze the VOCs in the air, bottles, waste water or
automobile parts, these approches are not suitable to test VOCs in fibers and textile as a result of the trace VOCs as well as the
bulkiness of fibers and textile. VOCs can usually be detected by GC-MS in the low range with relatively small sample sizes. The
purpose of this study was to examine VOCs releasing from reprocessed production and check the potential problems of these
productions when exposed to high temperature or other extreme conditions.

In this study, we determined and compared VOC emissions from samples after different manufacturing stages such as PET
popcorn, dried PET popcorn, screw melts, virgin fibers and drawed fibers, including their species and content. To simulae the VOC
emissions of samples processed with the high temperature in longer time during screw melting, we investigated VOCs from screw
melts utilizing Thermo Gravimetric-Mass Spectrometry (TG-MS) with 90 min in 280 C. We found that: (1) The optimisation of the
balance procedure for volatile organic compounds was performed and the optimal balance conditions were determined to be 30 min
at 120°C; (2) Seven individual VOCs were identified: considerable VOC content changes during the manufacturing process; and the
drying was tremendously helpful in reducing the VOC emissions from PET popcorn; formaldehyde, acetaldehyde and TVOC were
reduced by 24%, 58% and 50%, respectively after drying; while acetaldehyde, benzene, benzaldehyde and TVOC increased
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dramatically after screw melting; (3) The VOCs were released at the initial stage of heat preservation (about 5 min) and VOCs

content came to the maximum which indicated the almost immediate thermal degradation in screw melting.

B04-PO-06
Effect of initial microstructure on phase precipitation and mechanical properties during heat treatment of TC21 titanium alloy
Linru Wang

Taizhou University

TC21 titanium alloy is widely used in aerospace applications due to its low density-strength ratio, high strength and high
toughness. So phase precipitation and mechanical properties of TC21 titanium alloy with two different initial microstructures during
heat treatment were determined. Result indicated that compared with coarse microstructure alloy, fine microstructure alloy developed
finer microstructure, more unstable ® and o, precipitates with much smaller size and lower volume fraction, and obtained better
mechanical properties during heat treatment. Crack growth behavior of TC21 titanium greatly depends on the initial microstructure
under the same heat treatment condition. The fine microstructure exhibits lower crack growth resistance than the coarse

microstructure.

B04-PO-07
Investigation of VOCs from the Manufacturing Process of Recycled PET Fibers using TGA-DTA/MS Technique
Jiyue Hu, Ye Chen, Shanshan Liu, Fuyou Ke, Lingling Gao, Chaosheng Wang, Huaping Wang

Donghua University

Recycling is promising to dispose the wasted Poly(ethylene terephthalate) (PET) fibers currently. However, high temperature in
the recycling process may accelerate the degradation of PET and residual dyes, resulting in the volatile organic compounds (VOCs)
emissions, which will do serious harm to the environment and human health. Exploring the source of VOCs is significant to remove
VOCs and keep products safety.

This study was carried out to investigate the influence of high temperature on the release of four VOCs (formaldehyde,
acetaldehyde, benzene and toluene) during the recycling process of PET fibers, utilizing thermogravimetric analysis coupled with
mass spectrometric (TGA-DTA/MS). The atmospheres and heating conditions of esterification, polycondensation and melt spinning
were simulated by TGA with various atmospheres and programmed heating processes (heating from 50 C to 240 C in N,, 280 C in
N,and 280 °C in air, respectively, and then maintaining for 30 min). Bis(2-hydroxyethyl) terephthalate (BHET)
(esterification product) and virgin PET were used to explore the thermal degradation of PET. White PET popcorn, black PET
popcorn and dyes were used to explore the effect of dyes on the release of VOCs. The results indicated that: (1) formaldehyde,
acetaldehyde could be generated during the manufacturing process of PET, mainly due to the thermal oxidation; (2) the disperse dyes
could degrade into formaldehyde, acetaldehyde, benzene and toluene both in N, and air; (3) thermal oxidation would make more

contributions on the release of VOCs than nonoxidative thermal degradation.
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