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Research progress in defect analysis and regulation mechanism of
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Abstract: Superalloy hollow turbine blades are key components of aero engines, and the ceramic core used
for forming the complex cooling channel structure inside the blade is a key transitional component in the
blade preparation. The stereolithographic additive manufacturing process for ceramic cores has the
advantages of no need for molds, high precision, and short process cycle, providing a reliable new process
for the high-precision preparation of complex-structured ceramic cores. Among them, defect control in the
additive manufacturing process of cores has become the key to the preparation of high-precision ceramic
cores. This work summarizes the current research status of printing, degreasing and sintering defect control
at home and abroad. The defect regulation mechanism is summarized, and the research status of defect
regulation is reviewed from aspects such as slurry preparation, printing and degreasing-sintering process
optimization, and the addition of mineralizers. On this basis, it is proposed that curing behavior, pore
distribution law and deep learning are important development directions for future research on ceramic
cores.
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Fig.1 Printing defects of ceramic cores
[11

(a)printing pores; (b)printing cracks'”’; (¢)printing wrong layer

';(d)printing deformation
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Fig.2 Generation mechanism of interlayer defects in ceramic core printing'"’
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Table 1 Types and formation mechanisms of printing defects in additive ceramic cores
Defect type Generation mechanism Reference
Printing pore Agglomeration of solid-phase powder during the printing process; when the curing area is insufficient, debonding [24]

occurs during the action of the liquid-phase adhesive

Printing crack

Printing wrong layer
area, resulting in incorrect curing

Printing deformation

the synergistic gravitational effect

The uneven release of internal stress leads to insufficient interlaminar bonding strength

[17,21]

The reaction resistance of the slurry will cause an error between the actual light-curing area and the theoretical [12]

The yield stress during the printing process is insufficient to overcome the surface tension of the slurry itself and [25]
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Fig.3 Degreasing-sintering defects of ceramic cores

(a)degreasing holes!?; (b)degreasing cracks
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'; (¢)sintering holes'®'; (d ) sintering cracks
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Table 2 Types and causes of defects in the degreasing and sintering of additive ceramic cores

Defect type Generation mechanism

Reference

Degreasing hole
decomposition products hinders its own discharge

Degreasing crack

The binder in the liquid phase is unevenly distributed, and the pressure generated by the discharge of the resin [41]

The uneven thermal redistribution between the solid-phase inorganic powder system and the liquid-phase organic [42]

system generates thermal stress. The pore channels inside the green body become fewer or smaller, hindering the

volatilization of the binder

Sintering hole

When the sintering temperature is too low, the adhesion between particles is poor and it is difficult to form a [17,43]

sintering neck; when the sintering temperature rises, the pores migrate and enrich towards the interlayer interfaces,

and the pores merge at the interfaces to form large pores

Sintering crack

become the source of sintering cracks

The generation of the layered structure causes large pores to aggregate at the interface into pore lines, which [30]
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Fig.5 Mechanism diagram of the influence of sintering stage on core performance'®”’

(a), (b)degreasing and sintering process of the core; (¢)-(e)initial stage of sintering; (f)-(h)mid sintering stage; (i)-(k)late stage sintering
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Table 3 Influence of sintering additives on ceramic core defects

Mineralizer

Research result

Mechanism analysis Reference

Nano-SiO,

SiB,

ZrSiO,

Metallic

silicon powder

Si,N,

Fe,0,

Photosensitive
hydroxyl

siloxane

The contraction of the line first increases and then decreases

the flexural strength increases first and then decreases

The linear shrinkage rate gradually decreases; the flexural
strength at room temperature and high temperature only

improves when the mass fraction of SiBy is 0%6-1.0%

Maintain high porosity; the room-temperature and high-

temperature strength of the ceramic core has been enhanced

It inhibits the shrinkage rate ; the curing thickness is reduced ;
the room-temperature strength and high-temperature

strength are enhanced

The relative density first increases and then decreases; the
shrinkage rate decreases and the porosity increases; the
strength at room temperature increases but slightly

decreases at high temperatures

The room-temperature strength and high-temperature

strength of the core have both been improved

The viscosity of the slurry has been reduced; the bulk
density has been increased and the porosity has been
reduced; the room-temperature strength and high-

temperature strength increase

The precipitation of glass phase, the combination of [33]
intergranular and intergranular mixed fracture modes, the
pinning cracks of nanoparticles and the linkage of cracks lead

to the reduction of fracture energy

The oxidation of SiBgcan inhibit the crystallization of fused [78]
quartz. The sintering promoting effect of B,O, generated by

the reaction is at 1550 ‘C, the generated B-cristobalite has a
relatively high strength, but the evaporation of B,0O,
weakens the improvement effect of B-cristobalite to a certain
extent

During the secondary sintering process, nano-ZrQO, reacts [79]
with large-particle SiO, to form ZrSiO, with a network
structure. The formation of the ZrSiO, network structure
stabilizes the matrix and reduces the formation of defects

Metal Si powder is transformed into SiO, in the oxidation [80]
reaction and undergoes significant volume expansion, which
inhibits the shrinkage rate. It partially fills the interlayer
voids of the ceramic core and thickens the interlayer voids,
reducing the occurrence of defects

The increase in the content of Si;N, corresponds to the [81]
decrease in the content of amorphous SiO,. Moreover, the
surface of Si;N, particles has a SiO, coating as an inert
second phase, which inhibits the further crystallization of
cristobalite. The oxidation of SisN, will cause volume
expansion, while the unoxidized SisN, particles in the matrix

will inhibit the densification process

The addition of Fe,O4 changes the ratio of bridged oxygen [82]
to non-bridged oxygen in the sample. Bridge oxygen
restricts the nucleation of cristobalite during the high-
temperature sintering process and inhibits the transformation

of fused quartz to cristobalite. The relatively low content of
cristobalite reduces the generation of microcracks

Form intermolecular hydrogen bonds with the hydroxyl [83]
groups on the surface of silica powder to prevent the
agglomeration of silica powder; the sintering process
transforms into an amorphous fused silica phase, which then
crystallizes into a cristobalite phase. The small particles of
cristobalite play a bonding role, promoting the formation of

sintering necks among the large particles
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