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Notice

This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate,
complete, reliable or fit for specific purposes. Critical decisions, such as commercially relevant

or financial decisions, should not be based on machine-translation output.

DESCRIPTION CN119638402A

A method for sintering fine-grained zinc oxide ceramics based on room temperature flash

firing.

BETFERANENECHFAREERERE A

[0001]

Technical Field
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ARG

[n0001]

This invention belongs to the field of ceramic sintering technology, specifically relating to a
method for sintering fine-grained zinc oxide ceramics based on room temperature flash

sintering.

KFRPRTREERERATNY, BETR—METFERAENEUHFARBERE S %o

[0003]

Background Technology

BRERA

[n0002]

Currently, ceramic materials, with their excellent mechanical strength, insulation properties,
and high temperature resistance, are showing broad application and development prospects

and are an indispensable key material in modern society and construction development.
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B, BEMBUERASHNMERE. £5M6e. MEEFRYE, BRI EANNANARAR, &
MR SMBIG R BFLAR DR X EMEL

The manufacturing of ceramic materials is still mainly based on traditional sintering.
Traditional sintering processes involve high sintering temperatures and long sintering times,

which leads to grain growth and generates huge energy consumption.

[EEMBBREBMNUERRENE, FRFRETIZREEES, KRENEK, ENRAERK, [
B £ E RRYBERE.

Therefore, it is crucial to find a method for rapid densification of ceramic bodies.

Hitt, FKEEXRKRERZEUNGEZEXREE,
In order to reduce energy consumption in the ceramic sintering process, various new sintering
technologies, such as flash sintering, microwave sintering, and electric discharge plasma

sintering, have been proposed and put into practical application.

AT RRMEREIETNEERE, SMHERETZ, NN, BRRE. HEEETERRESE, W

RHEFHIRNLIRN Ao

[n0003]
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Flash sintering is a novel ceramic sintering method that involves applying appropriate AC or
DC voltage to both ends of a ceramic green body to achieve high densification within a few
seconds to a few minutes. Such a short sintering time and relatively low furnace temperature
mean that the energy consumption required by flash sintering technology is greatly reduced

compared to traditional sintering processes.

Hep, WRE—MWHinEERE S %, BT EEEREEING SR ERBEESHEEE
REEBIEFEHI EMIHASEREN; LRI RER B BN BRIER R R RS A R AR
TS ERIRE T ZMAE0L, RAMEET,

The investigation found that during the process of heating the sample in the furnace before
the flash burn occurred, the sample absorbed a limited amount of heat, most of which was
dissipated by the furnace space, resulting in a certain amount of energy waste. However,
existing flash firing technology cannot get rid of the limitations of heating furnaces. Only a few
green body systems with high electrical conductivity can directly apply heat to the sample,

achieving room temperature flash firing and reducing energy loss.

B AR A EZANPEIN A mIRER, FRREBARESRR, KEDEBRIPETEREEEE, &
—RERREIRIRER. AT, IARNERAETEZHRMAPBRG, IEDESESRINERER

BREERFERATFR, EMTERAR, B EEENRE.
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[n0004]

To achieve room temperature flash calcination for the preparation of fine-grained ceramics,
existing technologies employ methods such as generating a high-temperature electric arc
under ultra-high pressure to perform room temperature flash calcination of zinc oxide, or
increasing the electrical conductivity of the powder to enable rapid Joule heating of the
sample by titanium dioxide powder under room temperature and high pressure conditions to
obtain a dense preform. Additionally, water-assisted high-voltage room temperature

conduction is used to perform Joule heating of zinc oxide preforms.

NTFEUERANREEAREE, WEERANABIMESE-ESERMN AN ALFERITERA

BBEIREMENESR, FR-SEURHNAEEERSERM TRA LUIREXN FmdtTEEM

S
m

b

A, REBERK,; FI, tEFRAKEYSEETERSFENAUFREHITERMNR.

[n0005]

However, the preparation of fine-grained ceramics by high-voltage flash calcination at room
temperature places high demands on high-voltage equipment. At the same time, the high-
temperature electric arc generated by high voltage poses a significant safety hazard and can

easily cause personal injury.
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A, RAGEETERNEHEAREENSEREERESNENR, FARNEEE~ENSEEINA
BRANZZRE, BZERARHE.

Using liquid-assisted (water or ethanol) room temperature flash calcination makes it difficult
to obtain high-density, high-strength fine-grained ceramics due to the voids left by the

evaporation of the liquid.

KAREHEI(OKEE 8 ERNR, BT REANIELAEZTR, LRGSR EERENARME
&o
By using intrinsically highly conductive powder for room temperature flash calcination, the

ceramic prepared has its intrinsic high insulating properties altered.

RAXESSBEINEEITERARE, HENEENE T HESREHIRNERFIE.

[0008]

Summary of the Invention

YL INES

[n0006]
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Based on the aforementioned shortcomings and deficiencies in the prior art, one of the
objectives of this invention is to at least solve one or more of the aforementioned problems in
the prior art. In other words, one of the objectives of this invention is to provide a room
temperature flash sintering method for zinc oxide fine-grained ceramics that satisfies one or

more of the aforementioned requirements.

ETRERAPFEN LRRRMAE, cRANENZ —REVHRNERAREEN LRR#EZ
—HE1, EZ, FRANENZ —RRHFEIRFERZ S THW—METERNRNEILTF

MEPERIRE T %o

[n0007]

To achieve the above-mentioned objectives, the present invention adopts the following

technical solution:

NTRE ERLERER, AARARAUTKRALE:

[n0008]

A method for sintering fine-grained zinc oxide ceramics based on room temperature flash

calcination includes the following steps:
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—METERNRNANFARBERE S, SREUTTR:

[n0009]

(1) The zinc oxide ceramic green body is placed in room temperature air and a layer of black
insulating material is sprayed on the surface of the green body; positive and negative
electrodes are set at both ends of the ceramic green body, and the positive and negative
electrodes are connected to the power supply through wires; the ceramic green body is also

wrapped with black heat-insulating material as a sleeve.

1) BELFREERETERTRH, HEERREHRF—BRRBESME, EREELIENRIRS
ANREIER R, ERBRESSLERERR; MEEREXAREREMHEAREHTERL

E;

[n0010]

(2) Turn on the power supply and increase the voltage until the ceramic green body generates
a microcurrent in the milliampere range. Then keep the voltage constant. Under the Joule
heating and heat preservation effect of the microcurrent, the temperature of the ceramic

green body continues to rise.
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QFBER, ASBEEMEERTESRENHER, ARRNEERE, EHEREEARNE

mIERAT, BEERIREERE EFA;

[n0011]

(3) After the temperature of the ceramic green body rises to the target temperature, the
voltage is further increased so that the current of the ceramic green body climbs to the target
current density value. After maintaining the target time, the power is turned off to obtain zinc

oxide fine-grained ceramic.

QFMEEERNEE FAZEBINRE, #—FTASHEE, EEEEXNERBAZEBIRERERE

&, REEIFNKEXARR, SRLFARMEE.

[n0012]

As a preferred embodiment, step (3) specifically includes:

ERIERR, FRRSE(3)RiAxEE:

[n0013]
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Once the current reaches the target current density value, the power supply switches from
voltage control mode to current control mode, maintains the target duration, and then shuts

down.

ERAEBEREEER, BREBEEFIEISONBRRIZEIRI, HaaEmEKEXAS

o

[n0014]

As a preferred embodiment, the target temperature is 150-200°C.

ERIER SR, FRBER~E150~200°C,

[n0015]

As a preferred embodiment, the target current density value is controlled to be 100-1000 mA

/mms<sup>2</sup>.

TERERZ, PR BirEREEEEH/7100~1000mA/mm<sup>2</sup>,

[n0016]
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As a preferred embodiment, the target duration is 30-180 seconds.

ERMMIER SR, FMRERRKA30~180s,

[n0017]

As a preferred embodiment, in step (2), the electric field strength of the voltage applied to the

ceramic green body is adjusted within the range of 50 to 300 V/cm.

ERIERR, FRRSERQ)F, BEFRTHEEEERNEGEENIFTSERN50~300V/cm.

[n0018]

As a preferred embodiment, in step (1), the black insulating material is one of insulating

carbon black, insulating rubber, or black polyurethane.

ERIER R, FRRSE(1)F, RBESMHNLSRE. E5RKR. RERIEFRI—H,

[n0019]

As a preferred option, in step (1), the black insulation material is one of black glass wool, rock

wool, mineral wool, or extruded polystyrene.
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ERMIER S, FMATR()F, REFREMEARBRKIBR. &8, ViR, FFERRXZHEPN—

i

[n0020]

As a preferred embodiment, in step (1), the electrode is one of a platinum electrode, a silver

electrode, or a copper electrode.

ERMIER S, FMRTR(1)F, BIRABEER. RBER. FHERPH—H.

[n0021]

As a preferred embodiment, the ceramic green body is in the shape of a round sheet, a strip,

or adog bone.

ERMERZR, FMRBEEZRANERR. KFERTIEF KA,

[n0022]

As a preferred embodiment, the ceramic green body is prepared by granulation, pressing,

debinding, and pre-firing, and the binder used in granulation is polyvinyl alcohol.

16-01-2026 - Page 12



ERMIER S, FMAMEERRAEA. EA. HR. FEEIS, SRRANKETINRZIGER.

[n0023]

Compared with the prior art, the beneficial effects of this invention are:

FERPSHERAEL, BmURE:

[n0024]

Based on the semiconductor properties of zinc oxide, when the voltage is within a certain
range during external electric field treatment, a certain amount of microcurrent (mA level) will
accumulate. According to Joule's law, the process of continuous microcurrent action is the
process of continuous Joule heat generation. In the traditional low-voltage flash burning
process of zinc oxide materials, a heating furnace is usually used to provide a certain
excitation temperature. In this process, the heat absorbed by the sample is limited, and most
of it is dissipated by the furnace space, resulting in a certain amount of energy waste. At the

same time, furnace heating makes the experimental setup and process cumbersome.

ETRUHNFRESE, EEIEGMESRESR, SBRELT—ECEN, 2B —ERMER(mA
7)) IRE; RIBEEERTMN, HMEMSFSERNIEMEBRFETEEFRNITIE, FHRRE
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ERFRSAFEMHITER, BEEXRALUINAPRE—ENHLRE, bIEFmRErRER

PR, REBDEBIFATEFEEEE, EN—ENRRIFRE, BRFEIIAESSEREENTIZED;

[n0025]

Compared with traditional low-voltage flash zinc oxide, this invention does not require
heating the furnace to provide the excitation temperature, reducing energy consumption and
avoiding the cumbersome experimental setup and operation process. Compared with existing
high-voltage flash technology, this invention uses conventional low-voltage sintering, which
effectively ensures personal safety during experimental operations. In addition, no liquid
(water or ethanol) is needed as an auxiliary material during the sintering process, avoiding the

liquid evaporation and residual voids that would result in non-dense sintering.

FERASEREREEAFRALFAELL, TEBMMIFERESORE, B, BRLIRENIE
EIRENED; STUANSHEERNERAMRLL, REPARBEMNVREBERS, BHRET LHRE
SIEPASLE; F5, REIEPAIFBERNNRIE(KEE ZER)(EAHEIME, BRTRIMEL%

B, SRRRERNTEE;

[n0026]

This invention utilizes a method to reduce blackbody radiation by coating the surface of the

ceramic green body with a black insulating material and then covering it with a black heat-
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insulating material to prevent heat dissipation. Under the continuous action of low voltage
and low current, the Joule heat generated by the zinc oxide green body sample is rapidly
accumulated by the heat-insulating cover, thus slowly reaching an excitation temperature
similar to that of the furnace body, thereby promoting flash firing. It has the advantages of
low energy consumption, energy saving, simple equipment, and simple and efficient

operation.

RPF AR RRAENNG L, BHEERREFERBESME, HEBRABFREMF, BRHR
EWA; MARUFREFDERBENFSESERT, REATENEEAETREEEFRT, A&
PURTRE, MMEEAREIEPFEIEREARE, NMEHRNRIIALE;, BRRERETRE. 1856

B, BFEEENFMNR,

[0030]

Attached Figure Description

P EI35E B

[n0027]

Figure 1is a structural diagram of the encapsulated and insulated room temperature flash-

burning zinc oxide according to Embodiment 1 of the present invention;
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1B AR BAEHES—HEEREE RARR L ERIRE;

[n0028]

Figure 2 is a SEM image of the zinc oxide fine-grained ceramic obtained by room temperature

sintering in Example 1 of the present invention;

E2 A &AL —NE RRERFEINA AR ERSEME;

[n0029]

Figure 3 is the XRD pattern of the zinc oxide fine-grained ceramic obtained by room

temperature sintering in Example 1 of the present invention.

B3R 4 A& BAKEf —HERRERF IR LA RMEERIXRDEE,

[0034]

Detailed Implementation

B nzl
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[n0030]

To more clearly illustrate the embodiments of the present invention, specific implementation

methods will be described below with reference to the accompanying drawings.

AT EEBRIAERA L BASE G, T ERE X BR MY 5 BAAS R BARY A SE 75 o
Obviously, the accompanying drawings described below are only some embodiments of the
present invention. For those skilled in the art, other drawings and other implementation

methods can be obtained based on these drawings without creative effort.

EM&z R, TEEARFMENNEARAN -5, NFAMREBRARARRH, TR

HENEMSEATR T, &R LUIRIEXEHERFHEMBIME, FREEMIILES .

[n0031]

Example 1:

SEhEf—:

[n0032]
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The sintering method for fine-grained zinc oxide ceramics based on room temperature flash

firing in this embodiment includes the following steps:

AELEHNETFERNRNENFARMEERE S S, SEUTTR:

[n0033]

(1) Pressing the embryo;

(1) EHIERE;

[n0034]

Polyvinyl alcohol (PVA, molecular weight 40000) was added to deionized water to make a
10wt% binder. High-purity nano zinc oxide powder was mechanically mixed with the binder
and dried. 0.5g of the dried mixed powder was added to a mold and pressed into a dog bone

shape under a pressure of 300MPa. The size of the blank was 20X 3 X2mm.

RKERZIGE(PVA, 73FE40000)IMNEBFKPHIMIOWt%IIAELET], EESAENREUFNRS
ZAREFIRITHMCE S H T ; BXO.5gRY T RS HAMNERR R, HE300MPax71 FERIKIAE

kH2, BRI E20X3X2mm,
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[n0035]

(2) Degumming treatment;

(2)HERL b I

[n0036]

The pressed green body is placed in a muffle furnace and heated to 400°C at a heating rate of
2°C/min. After holding at this temperature for 2 hours, it is cooled with the furnace to obtain a

zinc oxide ceramic green body.

N\

i
W

R ERIR R EIRBIANSHIFFR, L2°C/minBAEERRA R E400°CHFE2/ NSRS A, 52

AHFBELER,

[n0037]

(3) Coating electrodes;

(3)REBEIR;

[n0038]
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Positive and negative platinum electrodes are placed at both ends of the ceramic green body;
in order to reduce the contact resistance between the ceramic green body and the platinum
electrodes, high-temperature silver paste is applied to both ends of the ceramic green body

and baked at 650°C for 10 minutes to cure the silver paste.

EREEERRIRISEERNHBL; A TRREEERSHBRNIERENE, EREETERR SR

IR, HIE650°CFRIE107 I TIRIRE Ko

[n0039]

(4) Apply a black coating;

(4)FBERERFE;
[n0040]

To better preserve heat and reduce heat loss due to microcurrent accumulation, insulating
carbon black is sprayed onto the surface of the ceramic green body and baked in an 80°C oven
for 30 minutes to form a non-conductive carbon black coating on the surface of the ceramic

green body, as shown in Figure 1.
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ANTEENEE, BOHERRBHIRENRR, RATEBEEERREBFELSRE, HES0CRE

RRIEIO DT, EHEERRETAATERERE, MEILFR.

[n0041]

(5) Thermal insulation wrapping treatment;

5)FEEEARE;

[n0042]

The ceramic green body (i.e., the sample) coated with black is wrapped in 5cm thick black
glass wool (referred to as insulation wool). The positive and negative platinum electrodes are
connected to the AC power supply with copper wire (i.e., conductor) with a radius of 0.5mm,

as shown in Figure 1.

RrBReFRENEELE (BN @) 8RB T5cmERNRGRIER(BMEER)F, UFEN0.5mmay

2k (RN F4%) 15 [Efa sH BB ARIERR B SOM B IR LEE TGS, MNE1FR.

[n0043]

(6) Under room temperature conditions, after the power is turned on, gradually and slowly

increase the voltage across the ceramic green body to 400V (the electric field strength is the
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ratio of voltage to the length of the ceramic green body, 200V/cm). When a current of 6mA (the
current density is the ratio of current to the cross-sectional area of the ceramic green body,
1mA/mm<sup>2</sup>) appears in the circuit, maintain this electric field strength and current
for 5 minutes. At this time, the sample temperature will continue to rise to about 150°C. Next,
quickly increase the voltage to 600V (electric field strength 300V/cm). At this time, the current
will increase rapidly at a rate of 15mA/s. Finally, the current will reach the preset current
density value of 600mA/mms<sup>2</sup> and enter the stabilization period. The power
supply will switch from voltage control mode to current control mode and maintain the
sintering for 30s to achieve material densification and realize the sintering of zinc oxide

ceramic material.

O)ERFMHT, HREEFE, BLREENMEEELMIGEEEI00V(BI7RENEESHEETK
EZLt, 200V/cm)BY, RFERERAHI6MA(BREENERSEEELIENEEMAZLE, 1mA
/mm<sup>2</sup>)HEB7fE, FREFILLEIZBEMERSTH, WNEREEARRASELSNCE
B, ETROFREABEEC00V(ERIFHEEI00V/cm), LEETERFR15mA/SHRERRIGN, RLLH
A EEREZETNIZE600mA/mm<sup>2</sup># NIZEH], EBIRHEEITHIRTCIR A BRI

HIRIV, REFB0sMEHREEE, KIMANHEEMEIBIRS,

[n0044]
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As shown in Figure 2, the zinc oxide sintered at room temperature in this embodiment has

high density and grain size in the range of 0.5-2um;

NERFIR, AKEHIERFENANFATRENEREE, SARTE0.S-2umEER;

[n0045]

As shown in Figure 3, the zinc oxide ceramic after encapsulation and heat preservation flash

firing in this embodiment does not produce any impurity phases.

SNEBFR, AKEAINEERBARENRNHEERE LA RREFE,

[n0046]

Example 2:

SSHEI —

[n0047]

The difference between the room temperature flash sintering method for zinc oxide fine-

grained ceramics in this embodiment and that in Embodiment 1 is as follows:
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ARG HE T ERAGNE N FAREEIRE 5 A5 LG —NARZAET:

[n0048]

Based on the size of the zinc oxide ceramic green body, the corresponding target temperature
is 150-200°C, the target current density is controlled at 100-1000mA/mm<sup>2</sup>, the
target holding time is 30-180s, and the adjustment range of the electric field strength applied
to the ceramic green body is 50-300V/cm, which can be determined according to the actual

application requirements.

RIBRCEBEEETRNRT, ENMNBEIREEN150~200°C, BirfERZEEEH9100~1000mA
/mms<sup>2</sup>, {RIFHBIRETKH30~180sUAK EBE(ERFrAEL IR BT EENET CE

7350~300V/cm, BIiRIESCPRN FERHITHE,

[n0049]

Other steps can be found in Example 1.

HEPBAUSELHEH Lo

[n0050]
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Example 3:

SEhE =

[n0051]

The difference between the room temperature flash sintering method for zinc oxide fine-

grained ceramics in this embodiment and that in Embodiment 1 is as follows:

ARG HE T ERAGNA N HFAREEIRE 5 A5 LG —NARZAET:

[n0052]

Insulating carbon black can also be replaced by insulating rubber or black polyurethane.

HERBEF]UERAN LSRR, RERI[BPH—M;

[n0053]

Black glass wool can also be replaced by one of rock wool, mineral wool, or extruded

polystyrene.
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RERIBRIECI B RNER. TR, FERRIIGEFHN—M;

[n0054]

The platinum electrode can also be replaced by either a silver electrode or a copper electrode;

RS T AR IR, THERPH—FH;

[n0055]

Ceramic green bodies can also be in the form of round pieces or strips;

FEEIRIE A LUAR RS FR;

[n0056]

To meet the needs of different applications;

AR ARHEX;

[n0057]

Other steps can be found in Example 1.
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HEPBAUSE L L.

[n0058]

Given that there are numerous embodiments of the present invention, the raw materials and
amounts involved can be selected within a limited range according to actual needs, and the

experimental data of each embodiment are extensive and numerous, it is not suitable to list

and describe them one by one here. However, the content to be verified and the final

conclusions obtained in each embodiment are similar.

ETRERABRRLMHIRSL, FRERRRAEHEERFIFEERNRIESLRFR RH#ITIERE, &K
BISSIOEIER AR S, FEETHAE—F2545EE, BRZELFIMRERIENATNEINRAS
W,

Therefore, the verification content of each embodiment will not be described one by one

here.

B A3 E LR BRI IIE R B HITE 1R,

[n0059]
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The above description is merely a detailed explanation of preferred embodiments and
principles of the present invention. For those skilled in the art, there may be changes in
specific implementation methods based on the ideas provided by the present invention, and
these changes should also be considered within the scope of protection of the present

invention.

A PR (N @ X 45 & BRRY AL SCHE FI R JRIE AT 7 4MRER, WATHMNEBRAARMES, KIEX

REARMEHNER, FRAKRLRANLIAREZL, MXERT BN RAELBIRIFERE,
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