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ADBSTRACT

There has been a long term and sustained research and development effort in advanced
ccramics in China over last few decades. In (his presentation, an overview of tecent research
and development in the area of advanced ceramics and ceramic matrix composites will be
presented. Some key results from national projects funded by Ministry of Scicnee and
Technology and Naticnal Nature Scientific Foundation of China will be provided. ln addition,
recent results of R & D activities in Shanghai Institute of Ceramics {SICCAS) especially in
ceramic matrix composites, transparent ceramics, bio-cetamics, and mesoporous malterials will
ulso be presented.

CMC development is one of the most active research arcas in SICCAS including the
preparation and characterization of C#SiC and SiCy/SiC composites. Various lechniyues such as
chemical vapour infiltration (CVI), hot pressing, and liquid/vapour silicon infiltration {L/VS1}
were used to fabricate high performance CMCs, depending on the different application
requircments. A modificd chemical vapor infiltration (CVI) process, which had been defined as
temperature-pulsing CV1 was successfully used to deposit SiC matrix inte carbon fiber
preforms, ‘The final properties of CMCs were strongly dependent on the processing conditions
and the nane-SiC particie size. Nano-SiC’ particulate phases impregnated into the fiber bundles
show the reduced interaction between fibers and matrix. Active fillers in polymer impregnation
and pyrolysis (P1P} aid to fonm new phases in the matrix o lower the volume shrinkage and
provide improved performances for the composites. In the area of transparent ceramics, Aly(,
Nd-YAG, Ce-YA(, La-Y:(), SisNg and AION systems are being studied extensively. Among
them, the in linc transmittance of transparent Al;(O has reached 70%; the averupe vutput power
of lat% Nd-YAG laser transparent ceramic with size 22x39x4. 5mm’, at 500Hz is around 100W,;
The transmittance of Ce-YAG scintillation runspurenl ceramic at 530nm was 80%. The
development of high quality transparent coramics is mainly associated with the vhderstanding
ol ihe fundamental principles underlying the advanced processing technologies and
nanopowder synthesis and dispersion lechnology. An overview will be presented on the

research and development eftforts in biomaterials especially in hard implant materials such as
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teeth, knee, bone repair, and biocompatible coatings. In addition, some examples of recent
development in mesoporous materials developed for drug delivery will alse be provided.
Finaliy, the colloidal processing processes for developing high performance ceramics were also

referred.

1. BRIEF OVERVIEW OF THE RECENT RESEARCH ACTIVITY IN CHINA

Most of China's research program is funded by the Ministry of Scicnee and Technology,
inclnding the Basic Sciences (973 Program) and High Technology Research and Development
Programs (863 propram). In accordance with the government's guiding principles for the
national development of scicnce and technology, the National Natural Scientific Foundation of
China alse provide financially supports for basic rcscarch and applied basic research, the
funding 15 usually smaller except for the key and major ones. Some basic and application
programs can also be funded by other Department, local government and co_mpanics,

In the field of matenials science especially in advanced ceramics, the alrcady funded 973
programs include nano-materials & techonology; information functional ceramics,
therma-clectric  materials, bio—ccram__ics, new cnergy materials, C/C composites etc. In
consideration of the environmental, cﬁergy and human health issues, the funded 863 program
include solid oxide fucl cell {SOTFC), bio-ccramics, advanced ccramics, composites 2tc. In
recent years, the NNSFC, Chincse Academy of Sciences and local government of Shanghai put
a lot of money for research on transparent cerarmics, ultrahigh temperature ceramics (UHTC)

and composites ete.
2. MAIN RESEARCH ACTIVITIES IN SICCAS

In this part, the major rescarch activities of advanced ceramics in SICCAS including the CMC,
trangparent ceramics, and biomalerials will be addressed. The low cost, eco-friendly processing

technelogies for developing high performance ceramics were also referred.

1. CMC processing

Continuous fiber reinforced ceramic matrix composites, such as C#SiC, SiC¢¥SIC composites
have heen widely recognized as the most promising candidates for brake disks, heat exchangers,
advanced acro-cngines, fusion powcer rcactors and space usage for their outstanding
characteristies ifcluding high toughness, low density, thermal and chemical stability, radiation
tolerance and so onl'? Especially, the CySiC composites, for their relatively lower cost,
larger-scale production and better thermal stability at clevated temperature, have been
extensively investigated. Conventionally, continuous fiber reinforced SiC composites can be

preparcd by chemical vapor infiltration (CVDP! hot pressing (HPY™® reaction sintering {R53)
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17 and polymer impregnation and pyrolysis (PLP) ete techniques.

1.1 Temperature pulsing chemical vapor infiltration 1%
A novel route of temperature pulsing chemical vapor infiltration (T-pulsing CVI) was
developed to prepare interfacial coatings. In the T-pulsing CVI process, thermal pulses were

created by combining induction heating with water cooling, in which the power from the

frequeney generator was modulated by an antificial intelligence industrial controller.
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Fig.1 shows the temperature--time sct curve from the artificial intelligence industrial controller,

Omne cycle contained in the curve includes three steps: {i) linear temperature rising (R1), (i1}

temperature holding {111), and {iii} lincar temperature falling (F1). Methane and MTS were

cmployed as precursors of PyC oand SiC, respectively. The hydrogen o MTS mole ratio was

maintained at 10, and the flux of CH, was 10 em? min ', Argon was used as dilute gas.

Fig.2 TEM micrographs: {a) inter-fiber contiguration; (b) multilayered interfucial coatings

Typical microstructures of the interfacial layers fabricated by ‘I-pulsing CV1 were
characterized by transmission clectron microscopy (TEM), Fig.2. Fig.2a shows the inter-fiber
configuration of the composites, in which multilayered interphases can be obsarved clearly.

Fig.2b shows the TEM micrograph of the interfacial region, indicaling that the homogeneous

nano-seale PyC and SiC aliernating layers were formed. The lemperature-pulsing CVI1 can be

successfully applied 1w design and precisely adjust the composition and thickness of the
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intertacial coatings in CMCs.

As shown i Fig 3, the interfacial debonding can be clearly observed. This fracture behavior
will be more effective for improving the mechanicul propernties of the composites through the
stress transfer and crack deflection mechanism. Louad-displacement curve from bending test of

the as prepared 3D C¢/SiC composite shows the typically linear and nonlinear parts.

3,000 1m Wl

Fig.3 Fractography of the composite showing the interfacial debonding
The flexvral strength is about 474.0£36.9MPa, indicating that T-pulsing CVI may provide
another way to design and fabricate CMCs with well controlled interfactal layers and improved
properties.

1.2 C/SiC composite prepared by HP &%

High perlonnance C¢SiC composites were prepared through hot pressing (HP) by using SiC
nanopowder as the matrix. The strength and fracture loughness of C¢#SiC composites would
increase wilh the decrease in SiC particle size and the increase in the modulus of carbon fiber at
a proper sintering temperature and pressure. Fig.4 shows the fracture behaviors of the
composite with SiC particle size as 50nm, the highest bending strength (500.1MPa) and fracture
toughness (16.9MPa-m'™®) were obtained at 1850°C under 20MPa, using M40JB fiber as the
reinforcement. Fiber pull-out was clearly observed (Fig.4a). The strong interaction between the
51C matrix and the fiber might lead to the potential damage of the fiber during fabrication, as

shown in Fig. 4b.
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Fig.d Fracture behaviors of the composite with different S1C panicle inclusion: (a) SiC paricle
siz¢ is 530nm, (b) Fracture surface showing the strong fiber/matrix interaction when usc

sub-inicrometer SiC particle (500nm)
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Fig.5 Stress-displacement curves of C/81C composites using different SiC particle for matrix
formation
Fig.5 indicates that using nano-SiC as the matrix, the prepared Cy¢SiC compuosite
demonstrates the typicalty non-catastrophic fracture behavior. With the increase in the particle
size of SiC, the fracture toughness decreascs correspondingly. As using 500nm SiC powder, the
tracture toughness is down to 7.5 MPa-m'?, similar to that of brittle ceramics.

1.3 Vapor silicon infiltration (VS1) process! 7!

The bulk density and the open porosity of C#/SiC compuosites prepared by VSI are shown in
Fig.6 as a function of infiltration emperature. The sintered density reached 2.25 gﬁcm“ with the
porosity as 6% at 1700°C. The fracture surface (Fig. 7 a) showed the dense matrix after VS1 at
1700°C. An obvious fiber pull-out (Fig. 7 b) was observed after fracture although the silicon

content is quite high (14.5 vol %).
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Fig.7 Cross section {a) and fracture surface of the VSI composites (b)
Stress-displacement curves (Fig.8) showed the non-catastrophic fracture bchavior of VSI
composites. It shows that the work of fracture (WOF) decreased after the composite was
densified. WOF decreased from 12,13 to 9.54 kl'm™ with the increase in density, when
temperature increased from 1630°C to 1700°C. However, the strength kept almost the same
(239.5£35.6MPa al 1650°C and 238.9+41.2MPa at 1700°C).
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Fig.& Stress-displacement curves of the VSI composites
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1.4 Active filler enhanced PIP process (R-pipy!'31%20.21.22

The incorporation of active fillers to the matrix during polymer impregnation can enhance the
PIP process by reducing the volume shrinkage of the matrix. Usually, active filler will react
with the reactive atmosphere and the decomposed species of the preceramic polymer. These
reacltions usually lead 0 the volume expansion and could be used Lo compensate the polymer
shrinkage during the pyrolysis process. Aluminum (Al) is the well recognized active filler. Fig.9
shows the vagalion of density as the PIP cycles, using the 2.5D preforms. it is clear that the
bulk density increases quickly for the initial several cyeles with Al-loading. Stress/displacement
curves of the composites are shown in Fig 1. With Al loading, the composite shows higher

flexural strength due to the strong bonding caused by reactions berween the matrix and fibers.
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Fig.9 Relationship between the density and Fig. 10 Suress/displacement curves of the
the pyrolysis cycle of the composites wilh 2.5D composites with and without active
and without active filler loading filler loading

Another role for active filler is to increase the anti-oxidation behavior of CMC compaosites.
The lifetime of CMCs which are partly made of carbon is strongly depended on the cfficicncy
ol the anti-oxidation systems used to reduce the oxygen permeability. Extensive studies have
been undertaken o improve the oxidation resistance of carbon fiber reinforced CMCs, and most
arc related to the application of boron-bearing species.

Dong et al proposed a fucile roule (o lubricaie carbon fiber reinforced ceramic matrix
composites (CySIC-BN) by an active-filler-controlled polymer pyrelysis (AFCOP) process. In
the proposed process, boron was introduced into the carbon [ibers as active filler 10 form some
boron-bearing specics by in-situ reactions during the subsequent heat-treatment process. The
compusites were prepared by PLP using PCS as the polymer precursor. XRD pattemns of the obtained
composites confirmed the presence of H1-BN. With the prescnce of BN, the oxidation of the
composites was greatly improved. The weight losses of C#S1C and C#SiC-BN afier being oxidized

at 80°C for 10h were ~36% and ~16% respectively and most of the carbon fibers in
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Cy¢SiC-BN composites were well retained while those in C¢SiC composites were oxidized,

Fig.I1.

Fig.11. SEM observation on the fracture surface of the composites: (a) without filler before
oxidation, (b} with B filler before oxidation, {c} without filler after oxidization at 8(H}°C for 10h,
{d) with B filler after oxidization at 800°C for 10h.

The above mentioned techniques (T-puising CV1, HP, L/V5l and R-PIP) can be used
successtully for microstructure design and properties optimization. Deposition of multilayered
coating and matrix can be controlled casily by T-pulsing CVL. Combined with nane-SiC
infiftration, HP shows its superiority on fabrication of high performance C#/SiC composites.
L/VSI is the facile and cconomic way to prepare CMCs, and microstructure control was proved
lo be eftective lor improving the final properties -of the composite. R-PIP can improve the
efliciency of regular PID process, and the flexural strength is shown to be highly dependent on
the surface coating properties of the fibers. However, precise microstructure control and process

optimization is still an important issue tor (he future study.
2. TRANSPARENT CERAMICS

Compared with single crystals, transparcnt ceramics offer several advantages, for example,
lower cosl, easy fabrication of materials of larpe size, and especially those with high melting
points. Currently, transparent ceramics have found a wide range of application i lighting, solid
stale lasers, scintillators, windows and battle field efc.

Nanolechnology and vacuum or atmosphere sinlering approaches make the fabrication of

highly transparent ceramic malenials possible. To prepare transparent ceramics, a strict control
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of the characteristics of imitial powder was required. Nano pasticles with narrow size
distribution, mono-dispersion and high chemical purity is recommended tor the subsequent
densification process. ‘The nanopowder s commonly prepared by sol-gel technology,
co-preeipitation, thermal decomposition of salts, solid-phasc synthesis, combustion, freezing,
and hydrothermal methods eic. The sample can be fully densified by hot pressing, hot isostatic
pressing or pressureless sintering 1 vacoum or atmosphere. To reduce the grain growth during
the densification process, usually a long holding tme at relatively low temperature are

recommended.
2.1 Transparent ceramics for lighting -Al; Oy

Since the first translucent polycrystalline alumina was developed by Coble in the [960s,
continued ¢fforts are made to improve the optical quabtics of alumina cecramics because they
arc a potential alternative to corundum single crystal. It was belicved that the optical qualities ot
Al ceramics could be improved by increasing the purity and density and by controlling the
microstructures. However, the needed degree of optical wansparency has not yet been achieved
afler halt a century’s effort. In fact, a-ALO; {corundum} with hexagonal crystal structure is
optically umaxiul and bireltingent. Therefore, it is unpossible 1o prepare transparent alumina
ceramics with randomly orignted grains due o the existence of the numerous interference of
oplical axis.

181 proposed a simple oute o prepare (ransparent polyerystalline

In a recent study, Wang ct.al.
alumina ceramics with well controlled orientation of individual grains. They used slip casling
process to prepare the green bedies and simultancously applied a strong magnetic ficld to the
slurries. 1t was found that the grains have been successtully vnentated in the alumina ceramics
after sintering, Fig. 12, The in-linc optical transmission is much higher than that of the randomly
orientated Alo()y because the optical axes ol the individual grains are parallel to each other,
Samples that were slip cast io a strong magnetic ficld exhibited higher optical transparency than

those prepared without using a magnetic field, Fig.13. To prepare transparent alumina, Wang'’s

group also investigated the gelcasting process based on cpoxy system (24251
J_ @ - Transparent Alumina Ceramics
ER s g Shanghai Institute *mics
g1 ;
E] 3 -
lo § 754 87 ¢  Smpehai Instae. s
R TR TR R e e Transparent Alumina Ceramics

FROEIERS]

Fig.t2. X-ray diffraction pattemns ot

alumina skices cut, (a) perpendicular to Fig.13, Polycrystalline alumina ceramics from slip
and (b) parallel to the magnetic ficld, and casting (a) with and (b) without a magnetic lield. The
(c} slip cast without a magnetic tield. samples are placed 8 mm above the paper.
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2.2 Transparent ceramic for laser (Nd:YAG)

In 1995, Ikesue et a1 %7 first demonstraled the possibilily of fabricating transparent Nd: YAG
ceramics of sufficient quality for solid-state lasers with reasonable cfficiency. Since then,
Nd:YAG laser ceramics have allracled considerable attention because the optical quality has
been improved greatly and highly efficient laser oscillations could be obtained with comparable
efficieney to YAG single crystals.t™ Compared with YAG single crystal laser materials, YAG
ceramics have scveral prominent advantages: (1) easy fabrication; (2} scalability in size; (3}
high doping concentration; (4) better homogeneity of the doping ions; {5} ease of achieving
composite stracture and so on. Ceramic technology also makes it easier to incorporate several
dopant ions inio the YAG material compared with single crystals grown from a melt, thus the
lallice deformation leading to optical birefringence and wave front distortion can be

circumvented.

LDA008 S00Hz 0.2

. /‘/
< :
» 3
g g
i yd a
3 ul i
< /
35 e
I_L‘/__‘;
a T S
40 8 1o 180 am s 20

ot pui poveer (W)

Frg. 14 Laser power input-putput curve with Fig.13 Nd:YAG transparcnt ceramics heat
pump frequency of 1000Hz, obtained 23W capuacity, average output power reached
conlinuum laser output 100W

In SICCAS, Pan et sl have successtully developed the transparent Nd: YAG ceramics for laser
(293031325831 A continuum laser autput of 23W has been reported, Fig.l4. For Nd:YAG
transparcit ceramics heat capacity, the average output power is now 100W, Fig.15. They also
tried a laminar-structured of YAG/1.0 at. % Nd: YAG/Y AG transparent ceramic to improve the
laser perfor’manccm], Other laser ceramics (such as Yh:YAG ™, YAG: TV, YAG:Eu *ete)
in SICCAS were also well studied.

2.3 Transparcat ceramics for scintillator

The development of scintillator and phosphor materials started at the end of 1%th century, The

CaW(y and ZnS-based phosphor powders were introduced in practice very soon after, In the
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late forties the first single crystal scintillators Nal:T! and Csl:Tt appeared and has been widely
used ull today, The latest class of materials scintillalion optical ceramics came into use
relatively recent when appropriate technology was developed to obtain competitive material
properties mainly for materials where single crystals cannot be prepared or their production is
extrencly expensive["r".

An interest in new scintillator matecialg is pushed by increasing number of medical, industrial
or scientific applications, requiring higher material performance. The main (ransparent ceramic
syslems include (Y, Gd)204Eu Pr{Y GO, GdoO:8:Pr,Ce, F{GOS), and (d;Gas0Q)2:Cr,Ce (GGG).
In recent years, now systemns (Ce doped BaHfO5 and Eu't or Tb™-doped LuzOs) were also
under study.

The studied teansparent caramics system in SICCAS including Eu™, Pr™ doped Lu; WO ™*],
Ce doped YSAGHL LuBa:BeO "), LuAG:Cel ™% BaBPOS %] Bu:Gd,0,-HIO,
Ct::Sr['[f()gl‘w' and Lagﬂfg()?:TilSU] ete. A series of transparent cerantics were successfully
prepared with well improved properties. Recently, Shi et al ™' prepared Ce:YSAG with ncar
complete absorption for lights at wavelengths below 480nm. The transparent ceramics show
remarkably enhanced light emission intensity and muoch suppressed concentration quenching
effect than those of Ce:YAG ceramics at the same Ce doping levels. Liu et al reported the
LuA(:Ce transparent ceramics fabricated by the solid-state reaction method. The relative
density reaches 99.5%. The transmittance in the visible light region reaches 70% 1331 Shi et al
reported the Eu doped LupOy from a novel co-precipitation process. The optical in-line
transmittunce in the visible wavelength region reached 80% % The Ce doped LuAG and the

Fu doped Lua(; ceramics are shown in Fig 16

@ Lu,05: Eu*

LuAG:Ce

Shanghai |
g

Fig.16 Optical images of (a} Ce doped LuAG and (b) the Eu doped Luy()y transparent ceramics
2.4 Transparent ceramics for lens

The [irst lransparent ceramic lens tor the digital camera was developed successtully by CASIO.
The material (LUMICERA) has the same light transmitting qualitics as optical glass commonly

used in today’s conventional camera lenses, however, it has two very important propertics: high
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refractive index (2.08) and superior sirength. This will make 1l possible lo create zoom lenses
for cameras with greatly reduced profiles.

In recent years, the development of ransparent ceramics lens is also in active. A complex
system Ba(MgTa)0,, with cubic lattice structure, has been studied. The material showed
excellent properties with high refractive index (2.05-2.10) at 580nm and the light transmission
ratc can rcach 76%. The material preparation process is still under refining for further
improving the performance.

In addition to the above mentioned transparent ceramic systems, there are other systems studied
in SICCAS including the intrared ceramics tor windows, domes and armors such as SiAION,
AION, Y,0;0 % e,

Transparent ceramics with excelient physical, mechanical and other properties have been a key
material for commercial (high-tech industry) and defense applications. The present results
showed that the devetopment of high quality transparent ceramics is mainly associated with the

understanding of (he fundamental principles underlying the advanced processing technologies.
3. BIOMATERIALS

Having existed for around half a cenlury, the development of biomaterials is not a new area of
stience. But the demand for implants and prostheses made from biomaterisls is constantly
growing, The materials need to be very robust and active for promoting tissuc regeneration.
Scientists have developed bone implants from metal alloys and ceramics. The most promising
substances are made of Ti, ALO3 or Zr(;. Because they do not interact with biological
processes in the body, they arenot usuvally rejected. Tn addition, interaction between
biomaterials and natural tissucs is an important subject for biomaterial science. Such
information is essential to aid the design of new biocompatible biomaterials.

The research activitics of biomaterials in SICCAS cover a wide range including bicactive
materials and tissue engineering scaffolds. nano-biematerials for controlled drug release,
bio-labeling and diagnostic, biomaterials surface engineering for medical implants, optical fiber

materials for medical device ele. [n this paper, two research areas will be introduced.
3.1 Biomaterials surface coating

The research of bromaterials surface coating started from 1959 using PMasma spraying technique
on the surface of Ti alloys for bone replacement. With almost 50 years of scientific rescarch
and technical buildup, the technologies for biological coating have been well developed and

(363731 n order to improve the cytocompatibility and

found orthopedic applications
antihacterial properties, different technigues have been developed including loading drugs, nane
silver powders, surface treatment etel®™ 5183 In rocent years, novel biocactive coatings have

also been developed, including wollastonite, dicalcium silicate, nano-TiO; and nano-Zr(h
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coalings, which possess excellent bioactivity and biocompatibility as well as high bonding
strength o Ti-6AL-4Y subsirate'®™* 1 In order to improve the bivactivity, biocompatibility
and antibacterial property of titanium and its alloys, Si-, Ag-, Ca-, P- and Na-ion was also
incorporated inte the coating through ion implantation technique!*®*! Fig.17 showed the

plasma spraying system and the couted parts for hip replacement ete. applications.

Fig.17 Optical images of (a} Vacuwm-atmospheric plasma spraying system and {h)

biocompatible coatings
3.2 Nunu-biomaterials for controlled drug release

Amorphous mesoporous silica raterials with a non-toxic nature, tunable pore diameter, and
very high specific surface area with abundant $i-011 bonds on the pore surface are promising
candidates for use as carriers in drug delivery systems'®. Conventional mesoporous silica
materials (such as MCM-41 and SBA-15) exhibit sustaincd-relcase propertics, but their drug
slorage capacity is relatively low, and also the irregular bulk morphology is not perfect for drug
delivery. ln this report, two advances iu SICCAS will be addressed.

Stimuli-responsive contrelled drug release, Recently, Shi's group has  successfully
synthesized HMS spheres with a 3D pore-network shelll*™™. The drug storage capacity of this
syslem is three times higher than that of the reported MUM-41 system (7 Subsequently, a
novel stimuli-responsive controlled drug-release systein was developed by using PAN/PSS
multilayers as a coating to cap the mesopore openings of drug-loaded hollow mesoporous silica
spheres. lo this way, the drug release rate from the new system can be well-controlled by
changing the pH value (or the salt concentration) of the release medium. This system, which
combines the advantages of both high drug storage capacity and the property of

stimuli-responsive controlled relcase, has potential applications in drug delivery "2 Fig. (8.
Drug targeted delivery. For drug delivery system, the cfficiency of drugs to the targeted

delivery has always a hot research area and has attracted considerable attention in recent years.

Shi’s group reported a new kind of uniform magnetic nanocomposite sphicre (MCMS) with a
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magnetic core/mesoporous sitica shell structure.!” ™! Based on this advance, a novel kind of
rattle-type hollow magnetic mesoporous sphere (HMMS) with FeiOy particles encapsulated in
the cores of mesoporous silica microspheres were successfully fabricated by Sol-gel reactions
on hematite particles' ™) The ring-shaped cavity bctween the magnetic core and the
mesoporous silica shell has been generated by a simple hydrothermal trealment and 11,
reduction process. Using TBU as a model drug, hollow magnetic mesoporous spheres can
reahze a significantly higher storage capacity of drug because of the rattle-type structure than
the corresponding magnetic/mesporous spheres without Lhe cavities. The release cxperiments
identity a sustatned-release behavior of 1BU from the present drug storage system and the
release process follows a Fick's law. This hotlow magnetic mesoporous spheres are a promising
candidate matcrial as drg targeted delivery carriers. Fig. 19 shows the possible mechanism for

the formation and the relevant microstructure of mesospheres.

Fig. 18 TEM images (a, b) of hollow mesoporous silica sphere (HMS) with a 3D pore network,
core-shell struclure, (¢} with polyelectrolyte multilayer coating as a stimuli-responsive

controlled drug-delivery system.

In addition, tor the drug delivery system, there are also extensive works in SICCAS using

mcsaparous  hioactive glass | 77] porous HAL ™) and Fe,0; hollow spheres[ 0¥ o

composites.
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Fig.19 Schemaltic illustration of the synthesis and the TEM image of MFeCMS nanospheres.
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From dental repairs to controlled drug release or total organfjoint replacement, almost every
human being on earth will be exposed tu one bivmaterial or another during their lifetime.
Artificial organs are necessary to support part or all of their essential tunctions thercby
improving quality of Tite. [n biomaterial science, interaction between biomaterials and natural
tissues is still an important subject. The informations are essential w atd the design of new

biccompatible materials.
4. ADVANCED PROCESSING

Colloidal processing, which has the porential for climinating detrimental heterogencities and
avoiding their reintroduction during the successive processing steps. has fong been reported as
the most polential cost elfective and eco-friendly roule W prepare ceramic compusites with
iproved stability at low cost. In colloidal processing, particle dispersion is often the limiting
factor, affecting both the rheology and the homogencity of suspensions and the propertics of
samplcs before and after sitering. There are several coiloidal processing techniques, including
lape casting, gel casting, direct coagulation casting cte. In this report, the study on aqueous tape

casting aud geleasting process in SICCAS will be addressed brietly.
4.1 Tape casting

Tape casting is o prominent process to produce thin and flat green sheets for the tfabrication of
ceramic substrates and multilayered structures. Organic solvents are commonly used as the
liquid vehicle, but the volatility and toxicity of these solvents has lead to increasing interest in
research on the aqueous tape casling process.

A lot of ceramic 1apes have been prepared in SICCAS, including silicon carbide ™, silicon

57 . .1
! ',;?.Jrconml l‘

nilride[sjl, titaniun carbide!™ ditanium nitride'™, l'lydmxyapmilclw, alurning
The design of laminated structure was guided by linite element method (FEM} (0 oplimize the
tnechanical and other properties. A serics of laminated composites with well improved
propertics were developed, including SiC/CH ! SiCmic! ™ ALOVTCH L ALOIAT T
ALOYNI® TiNeA LD gre. Fig. 20 showed the FEM simulation of a syimnetrical layeved
SiC/S10T ceramic with gradual theomal residual stress distribution. The initial resulls were
shown in Table 1. Compared with pure SiC and 90%SIC-10%TIC (S10T) ceramics fabricared
by the same process, the designed composiles showed excellent mechanical properties. The
lested strength was c¢lose to the theoretical value. The strengthening and toughening

mechanisms of the ceramic were ascribed Lo surface compressive residual stress 1,
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Table | Comparison of tested strength of SiC/S10T layered ceramic with theoretical

Caleulated residnal Tested residual Theoretical Tesied strength
stress {MPa) stress {MPa) strength{M1’a) (MDa}
-126 -129 R40 834
]

IR E g ERE o

Fig.20 FEM analysis of SiC/ 810T system

4.2 Geleasting

Geleasting is an attractive mghly versatile fabrication process to prepare ceramic green body
with high-quality and complex shape '™, The process is hased on the polymerization of organic
monomers and solidification of slurry o green body. In geleasting, slurry made [rom cermmnic
powder and a water-based monomer solution is prepared and poured into a meld, followed by
the polymerization fm-situ o Immobilize the particles in a gelled parl. The samples were
removed from the mold when it was still wet, then dried and fired. Tn recent vears, gelcasting
has becn widely studicd to produce ceramic materials. Jang's group studied the gelcasting of
SIC¥TICT ) ALOs, B OV HAP?L HA/Zr0,, ZiBy ™ ete. For SiCC system, after gelcasting
and drying, the relative density and the bending strength of the green body was 37% and
40MPa, respectively. After sintering at 2200°C, SiC samples can be densified to a relative
density of 98%. The mechanical properties of the obtained pieces are satisfying, with the
flexural strength, tonghness and the hardness as 539189MMa, 3.464H).31 MPa-s'? and 26.2+0.97
GiPa, respectively. Further study on this system is still under way.

Colloidal processing is proved to be a facile, environmental conscious route to obtain ceramic
compuosites with large size, complex shape and high quality at low cost. However, the in depth
research on the surface chemistry, theology, polymer science ele. is stll needed for

understanding its principal mechanism especially for nano powder processing.

18 - Mechanical Properties and Perfarmance of Engineering Ceramics and Composites I



R & D of Advanced Ceramics Activities in China and SICCAS

ACKNOWLEDGEMENTS

This work was supported by the Ministry of Science and Technology, Chinese Academy of
sciences, the National Natural Science Foundation of China (No. 30772128), Shanghai Science
and Technology Committee (No. 07DJ 14001, No.07pj!4094), and the State Key Laboratory ot
High Performance Ceramics and Superfine Microstrictures.

REFERENCES

" LE Cheng, ¥.0. Xu, LT. Zhang, and K. Gao, “Eflect of Glass Sealing on the Oxidation Behavior of Three Dimensional
CoC Composites 1o Ain” Corben, 39, 1127-11332001)

! X.B. He and H Yunp, “Preparation of SiC Fiber-Reinforced SiC Composites,” 0 Maters Process. Techaod, 159,
FAS-1 300 2005),

P TM. Besmum, BW. Sheldon, R.A. Lowden, and D Stimon, “Vaper-Phase Fabrication and Propettics ol
Continuous-Filament Ceramige Composites,” Science, 233, T104- 110901948,

* R Naslaio, ). Lamon, R. Paitler, X. Bowrrat, A Guelte, and F. Langluis, “Micros Minicompasites: o Uselul Approsch o the
Taesipn and Developioent of Nonoside CMCs,"” Compasites: Part 4, 30, 537-547( 1999}, :
SM. Dong, ¥ Kawch, and A Kohyams, “Processing, Oplimization and Mechenival Evaluation of Hou Press 2D
Tyranne-SASH Composies,” /. Evre. Ceram. See, 23, 1223-1231 {2(H13)

& SM. Dong, ¥. Katoh, and A, Kohyama, “Preparation of SiCYSiC Composites by ot Press, Using Tyranno-SA Fiher as
Remlvcemenn,” J. Aer Ceram. Soc, $6]1] 26-32{2003).

T1L Tuguchi, N, lgawa, K. Yumada, sad 8. Jisukawy, "LITect of Thick $1C Interphase Layers on Microstruelure, Meclugeal
and Therma! Properties of Reactron-Banded SiC/810 Composites,” 4 P, Chem, Selids, 66, 376-580 (2003),

b5 M. Dwong, ¥. Katoh, A, Kohyama, 8.T. Schwab, and L.L. Snead, “Microstructural Bvobuton and Mechanical Perlbrmances
of SICSIC Compusiles by Polymer Impregnation: Microwuve Pyrolysis (PIMP) Process,” Ceraer i, 28, B99-905 (2002).

® M. Yuan, ZR. Huang, and SM. Dong ct al, “Carbon/Silicon Carhide Compositcs with luerphases Processed by

Temperature-Tulsing Chemical Yapor Inilraion lechnwue, ™ A drorg, Sarer, 22| 2] 305310 { 2007)

"™ . Zhou, $.M. Dong, and X.¥. Zhang, et al., "Carbon Fiber Surface Caating by Forced Prassurc-Pulsed CWI1L™ L fresry.
Muter, 21[6] 1578- 1384 2006).

Y ¥ Ding, SM. Dong, and Q. Zhou, t al., “Preparation of C/AIC Composites hy Hot Pressing, Using Thifferent ¢ Fiber
Content a5 Reinforeemen,” S Am Cerann Soc., 89]4] 1447-14492006).

YOM. Yuan, 7B Jnang, and $M. Dong, e al, “Mictustiociure of Mulii-Layered Dueiplases Processed by
Temperature-Putsing Chemical Yapor lalilravon,™ Phpes. Stovas Soffedi. 4, JO3[R] RI8-R6002006).

YvS Ding, SM Dong, und L. Gao, el al, “Lileet of Sinering Tempurature on Mictostrueture aid Properties o C-8iC
Composites,” J. foory, Muter, 2316] LES1-1154 (2008).

" X H. Qin, BL Xiae, and SM. Dong, ol ul, “SiCFRIC Composites Reinfireed by Randumly Oriented Chopped Fibers
Prepared by Semi-Sulid Mechaical Stummg Method snd Hol Pressing,” S Marer: Sci, 42] 1] 3488-3494(2007).

" § M. Bong, Y8. Ding, and DL Jiang, ot al, “Effects of Preparation Conditions on the Microstructure and Propertics of Hot
Pressed SiCYSIC Composises,” S frorg Mafer, 2014] $33-888( 2005).

= ). Zhou, $.M. Dong, and Y8 Ding, e al., “Fifect of Interphase on Mechanical Ppropentics of C-£8iC Composites Fabricated
by Vapor Silicon Infiliation,” 4 baery. Marer, 2E1042-1 146 ( 2007).

1 O Zhou, S5.M. Dong, und XY, Zhung, ot al, “Fabrication ol C-F5C Composites by Vapor Silican Inlilieation,”
S A Corame Sov, 8] 7| 23382340 2006},

¥ Z Wang, SM. Dong, and XY Zhang, ot al., “Fabrication and Properties of C-§
111 3434-3436{2008)

¥z, Zhw, ZR Huang, aod S.M. Doog. ¢ al, “Manulaciunng 2D Carbon-Fiber-Remforced $iC Matrix Composites by
Sturry Infiltration and PIT Process.” Cearam, frer, 3[S]020H - 2032008 ).

M Y2 Zhe, ZR Huang, and .M. Dong, ot ul., “Pressureless Prepuration and Propertics of CSIC Composites,” S fiorg.
Murter, 22 [4] 6EF-689( 2007 ),

HYZ Zhu, ZR. Huang, sod $.M. Dong, ot al, “Pelymer-Filler Drived Ceramics with Low Shrinkage Using POS/SiC/A
Mixture,” Phvs Stetes Sofidi-R, 1[2] R59-R61(2007).

¥ Z Zhu, 2R Husng, and .M. Dong, el al., “Fabricating 2.50 $iCISIC Composile Using Polycarbositane/SiCAT Mixwre
Tor Matrix Derivation,” 2 dse Cevgom Son. 903 $0Y9-YT72 (2007,

X0 Mao, 5.W. Wang, 5.2 Shinar, and J K. Guo, *Transparent Polyerystalline Aluming Ceramics with Cricnsated Optical

IC-230 Composites,” JAm, Cerar Soc,

Mechanical Properties and Performance of Engineering Ceramics and Composites IV - 19



R & D of Advanced Ceramics Activities in China and SICCAS

Axes,” S Am. Ceram. Sov., 10| 3431.3433{2008).

¥ | Man, 8.7, Shimai, M. Dong, and 8 W. Wang, “Geleasting of Afumina Using Fpaxy Resin 25 a Gelling Agent,” J, dm.
avanr. Soc,, W3] 986-08% (2007).

X1 Mao, S.Z. Shimai, and M.J. Dong, o al., “lovestigation of New Epoxy Resins for the Gel Casting of Ceramics,”
SAm Caram Soc., $1[4] 1354-1356 (2008),

* A Tkesue, 1. Furusato, and K. Kamata, *Fabrcation of Polyerystallin, Transparent Y AG Ceramics by 2 Solid-State Reaction
Methad,™” £ Am. Cergm, Soc,, TRIT] 225-228¢1995).

T A Ikcsoe, T Kinoshits, K. Kamata, and K. Yoshida, “*Fabrication and Optical Preperties of High-Perfonmance
Palyerystaliine Nd: YAG Ceramics for Salid-State Lasers,”' J Am. Ceraon Soc, TR 1033-1740 (1993),

*® M. Yagi, T. Yanagitani, K, Takaichi, K. 1Jeda, and A. A. Kaminskii, *Characterizations and Laser Performances of |ighly
Transpareal b Y1400 Laser Coramics,” Opr. Mater., 29]18]11254-1262 (20075,

M I Li, Y8 Wi, YB. Pan, et al, “Fabrication of Cr*", Nd'': YAG Transparent Ceramics for Seff-Q-swirtched Laser.”
S Non-Crust, Solicly, 352|23-25] 2404-2407(2006).

™ %S Wu, I Li, and ¥.R. Pan, a1 al., “Dinde-Pumped Passively q-Swirched Nd : ¥AG Ceramic Laser with a OF': YAG
Crystal-Satiable Absorber,” S Am Ceram Soc., 95| 1629-163T (2007).

I Li, YB. Pan, and F.G Qiu, ef al., “Synthesis of Nanosized Nd:¥YAG Powders via Ciel Cambustion,” Cerasr, furer, 33[6)
TO4T-1032(2007),

2oL Li, ¥B. Pan, and F{ Qiu, ef al, “Nanostructured Nd:¥AG Powders via Gel Combustion: The Influence of
Citrale-lo-Nitrate Ratio,” Ceram. tarer., 34| 1F141-149( 2008} '

TN L4 Y8, Wu, and YR, Pan, el al,, “Densification and Microstrciure Fyolution of Cr*, Nd™: YAG Transparent Ceramics
for Sell-Q-Switched Laser,” Cerem fater, 34| 7] 1675-16792008).

) Li, Y.8. Wu, and Y.B. Pan, et al.. “Fabrication, Microstructure and Properties of Highly Transparent Nd @ YAG Lascr
Ceramics,” Opr. Muter,, 31[1] 6-1702008),

I Li, ¥.5. W, and ¥.2. Pan, ct al., “Laminar-Structored YACGMNG © YAG/YAG Transparent Ceramies for Solid-Stale Lasers,”
fnt. S Apel. Ceram. Tec, 5|47 360-368(2(08).

" %8, Wu, ).1i, and YR Pan, et al_ “Disde-Pumped Yh:YAG Ceramic Laser,” JAm. Ceram Sov., 8, 3334-3337(2007).

7)) Zhang, 1.W. Ning, and X.J. Liu, et al., “Synthesis of Uliraline YAG: Th Phosphor by Nirtate-Citrate $ol-Gel Combugtion
Provess,” Muter, Res, Bufl |, MIT] 1249-1 2560200030

)1 Zhang, JW. Ming, and X.I. Liu, ¢l al, “Low-Temperalure Synthesis of Single-Phase Nanocrystalline YAG: Eu
Fhosphor," L Aater Sei, Lere, 22{1] 13-14{2003).

M. Nikl, “Scimtillation Detectors lor X-Rays,” Meas. Sci. Technot, 17, R3I7-R54(2006),

L. Li, X1 Lin, and TP, Huang, “Fabrication of Transparent Cerium-Doped Lutetium Aluminum (Gamet {LoAG:Ce)
Ceramies by a Sofid-State Reaction Moethod,” S dm. Ceram. Soc., $8111] 3226-3228(2005).

ow Chen, Y. shi, aod L0 An, et al, “Fabrication and Mhotoluminescence Characlenistics of Euj‘—['loped Lu,(
Teanspavent Ceramics,”™ J4n, Caram Soc., RO[E] 2032-2042{2006).

T Feng, J.L. Shi, and X.(: Jin, et al., “Eflfect of Sc Substitution for Al un the Qoptical Properties of Ttransparent Ce 1 YSAG
Ceramivs,” S dm CeronSoc., 177 2394-2397(2008).

i i Truan, W.E Li, and 1L, Yuan, ct 2, “Synthesis, Crystal Structure and X-Ray Excitcd Luminescent Propertics of
LoRasiy g F Aoy Compd | 43R801-2] 536-54 102008},

® HL. Li, X.J. Liu, and R.J. Xic, et al, “Cerium-Doped Lutetivm Aluminum Gamet Phosphors and Optically Transparcnt
Ceramics Prepared from Powder Pprecursors by a Urea Homopenenus pprecipitation Methodd,” Jps. L Appd. Pies, 473
1657166 1(2008).

P HIL. Li, X.1. Lin, and R.). Xie, et al., “Fabrication of Transpareni el ernum-Doeped Lutctium Aaluminum Gamet Ceramics by
Co-Precipitalion Rowtes,” S Am. Ceram Soc., 89[7] 2356-2358 (2006),

1, Than, X.¥. Wy, and WF. Li, et al, “Ra,BPy0y,, : Fu®' - A Potential Scintillation Material,” Appd. Phys. Lese, 8720]
M T (2005

T (). Duan, J.L. Yuan, and LT, Zhav, “Luminescence Propetties of Lilicient X-ray Phosphors of ¥ Ba; By, LuBas{B30u},
a-YRa, By, and LuR Gy ,".E Sodid Srate Chem., 178[12] 3695370202005,

™ LY. Chen. Y. $hi, and T. Feng, ol 1], “Synthesis of Eu"' Doped Gdy05-HID: Nanopovder for Radiation Detection.” S, Affoy
Congped L 3HI[1-2] 181-184(2005), :‘.

™ ¥M. I, DY lung, and LE. Qin, el al, “Preparation and Luminescent Properties of Naooerysials of Ce'+Activated
SetEn, " Crest Groweth, 2B0{1-2] 53-08(2005).

* YM. Ji, D.Y. Jiang, and JL. Shi, “La:H:0y: Ti' Ceramic Svintillator for X-Ray Imaging” J Marer Res,, 2003

20 - Mechanical Properties and Performance of Engineering Ceramics and Composites IV



R & D of Advanced Ceramics Activities in China and SICCAS

SHT-3TOL 205,

T Feng, LU Shi, and DY, Jing, “Prepaestion of Transparent Ce:YSAG Ceramic and Vs Optical Propersics,” J. Furn,
Cerarm, Senc, 2R, 2530-25420 M%),

2 HL. Li, X.J. Liu, and L.P. Huang, “Fabrication of Trassparent Cerium Doped Luetiom Alomioum Gamet (LuAChCe}
Ceramics by a Solid-State Reaction Method,”™ /4 dsr. Ceram. Soc. 88111 3226-3228 (005),

s" QW Chen, Y. Shi, LAY Ap, Y. Chen, und J L. Shi, “Fabricution uod Phowdmmineseeoee Characlenstics of Eu -Doped
{00 Transparent Ceramics,”J dem. Cervm. Suc,, B2[6] 20035-2042 (2006),

¥ H. Huang, D.L. Jiang, and 1.X. Zhang, ¢t al., “Fabrication of Transparenr ¥itria Ceramics Thrangh Gel-freezing Dy
Method.” Lfrorg. Muter. 2361 1135-1140{2008).

" W, Huang, DL, Jiang, J.X. Zhage, and Q.L. Lin, “Fabiicalion uf Lanthanum doped yilria wansparent ceramivs,” Crinese
Sef Bell, Avcepled.

OWE Xoe, XY Lin X5 Zing, and CX Ding, "In Vive Evaluation of Plusnu-Sprayed Wollastonite Coating,”
Aionraterials, 16, 1455-336002005).

T Xieo XY, Ling XBZheng, CX. Ding, and PR, Clu, “Ioproved Stabality ol Plasma-Sprayed  Dicalcium
Silicute:Zirconia Compusite Coating,” Thin Saficd Films, 515, 1214 | 21{2006).

1 liang, K. Bluc, 2., W, S0, Chen, S0L Pu, 2.1, Yu, XY, Livoand PK, Chu, Silicon Induead DNA Damage Patbway
el its Moddulation by Titanium Plusma [mmersion loa Implamavion,™ Biomarerialy, 2%, 544 3500200%).

XY i, P K. Chy, and C. X. 13ing. "Surface Modifcation af Titanium, Titanium Alloys, and Related Matesials for
Bivrnedical Applications,” Mae. Sei. £ing: Repores, 47, 49-121(2004).

XY Liu, X B Zhao, KK Y. Fu LPY. Ho, €. X, Ding, and P K. Cha, “Plasiua- Freated Nanostructured 1105 Surlace
Supporting Biomimetic Growth of Apatite,” Biomeeriuly, T6I3L, 6143 6152005}

oy T Kie. X. Y. Liu, A. T Huang, C. X. Ding, and P. K. Chu, “lmpravement of Surface Ricactivity on Titaninm hy Warer
and lydrogen Plasing lmmmersion Joa [mplamation,”™ Bieetaterials, 26631, 6129-6135(2005).

"W Xue XV, Lin, X.13. Zheng, and C.X. Dhng, “In Vive Evaluation of Plasma Sprayed Titanivm Coatng Afler Alkal
Muodification,” Blomateriads, 26, 329-3037(2003).

SOMY. Lis, A uang, X, 1Hng, aod . K, Cha, “Bioactivity and Cylocompatitulity of Zircoma (£00a) Filing Fabuicated by
Cathodic Are Deposition,” Sdomererialy, 27 21| 3904-394 1 (2006).

XY, Liv, X. B. Zhae, €. X. Ding, and P, K. Chu, “Lighl-Induced Bioaclive Ti0; Surface”™, dpgd. Phys. Letr, 88, 813905
1 2HI06).

®OWE, Li, XY, Liu, AP lvang, and P. K Chu, "Strocwre and Properiies of Zirconia (£r0;) Filios Fabrivaied by
Plasma- Assisted Cathadic Are Depasition.” /. Phys, £ dppd. Phys., 40, 2293-2269(2007).

* X Y. Liw, R Poon, L. H.Li, . K. Chu, and . X. Ding, “Structure and Properties of Ca-Ton Implamted Titanium by Flasnia
Inwnersion,” Surf Coat dech., 191, 43-48{2005),

YT, Xie, X Y- Liv, ®. K. Chu, and € X, Ding, “Nuclealion and Growh of Calcium-Phosphate on Ca-lnplated “Titanium
Surface,” Surf. Sei., 6L 65 1 -636; 2006

N, K. Mab, M. Fujiwara, Y. Tamaky, “Photocootrolled Reversible Release af Cuest Molecules from Cowmacin-Modilied
Mesoparaus Siliea,™ Numre, 421, 350-353(H003).

* v.3, Li, JL. Shi, Z.L. Hua, H.R. Chen, ML, Ruan, and DS, Yan, “Hollow Spheres of Mesoporous Aluminosilivale with u
Three-Dimensional Pore Network and Fxtraordinarnily Hligh Hydrothermal Stability,”  Newr Lo 3, 600061 2(2003).

oy, Li, i.L. 5hi, HR. Chen, 2.0, Hoa, LX. Zhanp, ML, Kuoan, ). Yun, DS, Yan, “One-step Syathesis of Hydrothenoally
Stable Cubic Mesoporgus  Aluminosilicates with a Nevel Panicle Stuciure,” Miresporons Sesoporons Aoree, Bk,
S1-56(2003).

" Y F Zha, J.L. Shi, ¥.5. Li, HR. Chen. W.1I Shen, and X.P, [xong, "Hollow Mesaporaus Spheres with Cubie Pore Metwork
a5 & Putential Carmier for Druge Swrage and Ies in Vitro Release Kineties,” J. Muarer, Res 20, 5461 (2003).

YR Zhu, JL. Shi, WoH. Shen, XP. Dung, )W, Feng, ML Ruao, aod Y5 Li, “Stiouli-Responsive Controlied Drug
Retease from a ollow Mesoporous Silica Sphere/Polyelecttolyle Multlaye Core-Shell Structore,” dagew. Chom Inn e 44,
SOR3-50RT(005).

WL Zha, L L. Gu, LX. Zhang, HR. Chen and )L, 3hi, *Fabrication of Uniloem Mugnelic Nunocompusie Spheres with a
Magnetic Core:Mesoporeus Silica Shell Structure,” S Am. Chenn Soe., 127, 8916-8917{2003),

oW Zhaa, J.L. Shi, H.R. Chen, and LX. Zhang, “Panicle Size, Unilommity, and Mesestrucwre Control of Mapnetie
CoreMesoporons Silica Shell Nanocomposice Spheres,” S Marer, Rey,, 21, W0R0- 303902006}

WK Zhwe, LU Gu, LX. Zhuoy, HR. Chen and 1L, Shi, “Fabrication ol Uniform Magnetic Nanocomposite Spheres with a
Mugnetic Core/Mosaporous Silica Shell Strocture,™ F e Chene Sear., 127 25] R916-821 7{20K13).

Mechanical Properties and Performance of Engineering Ceramics and Compasites IV -+ 21



R & D of Advanced Ceramics Activities in China and SICCAS

WL Phang, XR. b, LHL Xu, Z.0. Hua, T.X. Zhang, L1, Shi, and 3,8, Yan, “Svnthesis and Claselerization of
Biofunctionived Owlered Mesnporous Materiuls,” ddv et Marer., 14, 534-352(2004).

X, Li, X.P. Wang, H.R. Chen, P Jisg, X.P. Dong, and TL. Shi, “Hicrarchically Porous Rbiocactive Gilass Scaffolds
Synthesized with a TUF and 7123 Contentplated Approach,” Cheme, Mater 19, 322 4326(2007).

F 1K Zhang M. Fujiwara, Q. Xu, YO, Zhu, M. Jwasy and DL, Jiang, “Synthesis of Mesoporous Cabeivm Phosphate Using
Hybrid Templawes,” Micenporons and Mesoporens Mareriale, T111-3] 41 1-31672008).

MY Ma, Yol Zhu, Lo L, and 5-W. Cao, “Nanostruclured Porous Hollow Ellipsodal Capsules of Hydroxyapatite and
Caleinm Sificate: Proparation and Application in Dimig Thelivery,” 7 doter Chen TR, 2722227272008

S W Cno, and YJ. Zhu, “Surfactunt Free Prepartion sod Drug Release Propery ol Mugnetic Hhollow Core/Shell
Hicrarchival Nnanostructures,” . Phvs, Chem, O PR 32] 12 149-121 5602008

USW Cao, Yol Fhu, MoY Ma, 1. L, and 1. Fhang, “Hierarchically Nanostructured Magnene Hollow Spheres of Fe 0,
and y-FusOh: Proparation und Potenlizl Applicalion in Drug Delivery,” S Phvs, Chem. O, 112, ERS1-1RS6 (2008).

NOLX Fhang, 1L liang, 5 13 Tan, UL Gui and ML, Ruan. " Aquesus Pracessing ol $iC Green Sheets: 1, Dispursanl,” [
Marer. Res, 1718 20[5!-20]3.(20[}2).

1Y Phang, F. Ve, VL. liang and M. Twasa, “Dispersion of iy, Powders in Aqueaus Media"™ Cuftodels amef Surfaces, A
Phvsivehem. ond Eng Asp., B3% 117-123(20035)

M 31X Zhang, T.L. Tiang, S.H. Tan, L.H. Gui and M.1. Ruan, “Aqueous Processing of TiC Green Sheets ™ L Am. Corane. Sev.,
R4 {11] 2537-2541720001),

¥1X Zhang, 1.1 Duan, 2T diang, QL. Tin and M. lwasa, “Dispersion of TN in Aqueous Media,” f Colfoid Inerf S,
RG] 1| 209-21 5205, ,

T Than, TLT Jiang, 1.X. Zhang and 1. Lin, “Aqueous Tape Casting Pracess of Tlydroxyapatite,” . Enrn, Ceram. Soc., 27]7]
2ET-2RTI NG,

¥ IX. 7hang, ©. Xu, H. Tanaka, M. Iwasa and DL, fang, “lmprovement of the Dispersion of ALQy Slurmics Using
LL¥TA-ANa" A adm. Ceram. Yoo, 89]4] 1440-1442 [2(H)6),

MO Zhang, I Ye, S Sun, 121 Jiang and M, lwasa, “Agneous Processing of Fine Zrey; Marticles.” Colfeidy and Sorfaces, A-
Fhusiochem, o Ene dsp. 254, 1949-205 (2{0)5).

# 1X. Zhang, TrL. Tiang, .Y, Ghn, and 7.R. Huang, “Fracture Behavior of Lamingted S0 Composies,” Coram. frner:, MYS]
GOT-FO2004).

- Chin, THTL Tiang, LX. Zhang, and LNC Qin, “Fvaloatien of Weak Tnterface Effect on Residual Stress of Layered SiCATic
Compesites by Vimile Clement and X-Ray Diffraction,” . Moter, Bes, UTES] NETE-1124020002)

" ¥ Zeng, D1 Tiang, and T. Watanabe, “Fabrication and Properties of Tape-Cast Taminated and Funetionally Gradient
Alumina-Tilenium Carbide Matertals, ™ S Am Cerame Soc., B3]12] 2995 30H30 20600

v R Zenp, DL Jiang, and I Greil, “Tape Csting ol Aqueous Al Oy Slurries.” J Eum. Corarm. Soc., 20[11] 1691-1697 (2000).

TKH. Zun, DL lang, and .0, Lin, “ALOyNi Laminar Ceramics Shaped by Tape Casting and Flectroless Plating,”
JAm Coram Soc, R819) 2659-2661(2005).

#[-X, Zhang, 7 -R. Huang, D1 Jiang, S.0T, Tan, 7.1. Shen, and M, Nygren, “Preparation of TiN? ALD; Composites with
Laminatcd Stroetures,” FAm Cevaer. Soc., 85]5) 1133-113R(2002%

AL O Young, O O Omatete, M, A Tanoey, and P A Menchhofor, “Geleasting of Alumina,’ . Awr Ceram. Soc, THI)
GL2-8 (1991}

™ T Zhang, 7.43. Zhang, and 1.X. Zhang, et al, “Treparation of S Ceramics by Aqueons Geleasting and Pressurcless
Simering,” Mot S0 fong A-Sterer, 443 1-2] 257-26] {2007).

* DL, Nang, “CGieleasting of Carbide Ceramics,” ). Ceram. Soe. pne, 1G] 1354] £94-A09(2008).

™LX Lang, LU Kang, and QL. Lin, “Agueans Processing of Boran Carbide Powders.™ . Ceram. Sue. Jper, LIG[1354)
6R1-684 (2008} ’

PR Chen, 2.0 Zhang, and 1.X. Zhang, ol al., “Aqueous Gel-casting of |lydrosyapatite,” Mut. Sci. Eng. A-Spaed., 425,
98- 203{2006).

", Zhang. ¥.J. ¥an, and 7.R. Huang, ct al., “Preparation and Charactertzation of Stable 7rR,-Based Uhra-High Temperature
Cerarmics Slory by Agueous Geloasting,” High-Derformance Ceram, ¥ PIS -0 368372, 1756-1757(2008),

22 - Mechanical Properties and Performance of Engineering Ceramics and Composites IV





