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Ceramic Processing on atomic level
Wilfried WUNDERLICH

Ceramics Research Laboratory, Nagoya Institute of Technology
Asahigaoka, Tajimi 507-0071, Japan

Until the

integration of ceramics into semi-conductor or metallic devices has been mainly considered for the thin film

Modern ceramic processing in our century concerns with nano-scale dimensions. now,

deposition on a substrate. Three examples are shown: TEM-observation of Alumina-Iron and Alumina-
Chrome interfaces, of buffer layers between Magnesia and Aluminum nitride and simulation of the Barium-
/Strontium-Titanite interface. These epitaxial interfaces have indeed high strength due to an ordered
arrangement of atomic bonds, but the mismatch between both crystalline lattices leads to the formation of
misfit dislocations. They can leave the interface and destroy the good electric properties of the thin film.
Buffer layers can avoid misfit dislocations at the interface. Three types can be classified, buffer layers
reducing the misfit, the stress or the dislocation migration.

The trend of recent development, however, proceeds towards new processing methods, like the deposition
of nano-particles or the wet chemical hydrolysis reaction. At these methods solid-gaseous or solid-liquid
interfaces the reaction kinetics and the mobility of the interface are becoming more important parameters.
The variety of engineering possibilities increases. Additional to segregation, and mono-layer deposition, now
polarization, adhesion, surface coating of particles with inorganic molecules or polymers are available. In
all cases the chemical bonding at the interface affects these parameters and their understanding is
essential. This overview article summarizes research results of different laboratories and shows the main

principles of ceramics processing on atomic scale.

Keywords: Nano-composites, Interface structure, Ceramics Integration, Misfit dislocations, Ceramic precursor.
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Fig. 1 HRTEM micrograph with fitted image simulation and the atomic structure for
a) Alumina-Iron-, b) Alumina-Chromium- interface.
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Fig. 2 Interfaces between an AIN thin film on MgO substrate with a TiN buffer layer, a) Diffraction spots, b) low
magnification TEM-micrograph, ¢) HRTEM micrograph, d) Filtering of the computerized image.
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Fig. 3 The BaTiOs/SrTiO; interface a) critical thickness for epitaxial growth, b) MD-calculations of the stacking fault

formation, ¢) HRTEM micrograph of the stacking fault!516)
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2.4. REEFIESOHIH
(Geometric control of epitaxial interfaces)
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Processing Techniguess for avolding Misfit Dislocations
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Fig. 4 Avoiding misfit dislocation in thin film sub-
strates for electronic devices
a) Remove the interface stress by applying
pressure or a temperature gradient parallel or
perpendicular to the substrate, b) In Functional
Gradient Materials (FGM) a chemical gradient
reduces the misfit stress, ¢ Artificial facets
processed by nano-technology lead to a smooth
stress gradient near the interface, d) Amorphous
buffer layers (e.g. amorphous Silica) stop the
spreading of threading dislocations from the
interface into the thin film.
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3. F/EEDO#ME (Nano-size Material)
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(Main idea of Nanocrystals)
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Fig. 5 Most important Processing Techniques for Nano-Ceramics-Materials
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(Processing Methods for Nano-crystals)
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3.3, HEEMLISAD =D, /T
(Nano-cluster for Functional Application)
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b,

gk, IV ErOF R, ECROMEBLDToLE
WIRIES) R o Tndo T ORI TIE M EER 52
LV, LAL, TROORFIREEL TV,
ZOER/RORT IR OEBETEHDON L LEN D,
Bl Z1E, CoO-JBTE-72 CofrTix &L I/,
ZDF KT OBMROFFEIEAT 5. ST /K
T CTHINT %o

I3y I ADF JHFOEEEE

of Ceramic

3.4.
(Sintering behavior nano-
particles)
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3.5. fil: REXVDF /RFOBNFET—%
(Example: Thermodynamic data of Spinel
particles)

FLOMBEZRET A0, TATT7HESNh, £

BWfgr)hrarva—yTrIial—rar ¥,

A 2= vIalb—varPFETETEMIAED,

M EEE LD Vo X ) Efiic ) 0D0H b 2Ok

T, IREZ V- ZIRFMICT LI LNTE, WHOK
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Fig. 6 MD-Simulation of Nano-particles of Magnesia,
Alumina, Spinel, a) Surface Relaxations, b) Free
Enthalpy as a function of the particle radius

1206 (Fig. 6) &9 7 RFIZB W THETOEKAE
MTHb, KHIZHDHETIZFNEROBKTFBEIZBL
THENZ A, BT AIOEZ R7-3 72012, KEIZHE
WCHLEB Z T 5. F /7 BR TORREHNIR 727
WBELGZLIENTE, TOI)2F 7 RTICBVWTI,
O &) BHICRY, BEROBRIIBNTIE, T4V
F—FHMII B E V. 72T T, TVIF, AR
WV, GbE T 3SHEEOMENCE, RToMREIcH LT,
SN ANF =B EFNEFNFEL S WEMT %,
IANF—MifEDZNEND, HET Y &IV E—Dffixt
OAGAE 2 ST 2B TH 5 Z & R MgO O
EI3HRL, ALO;, HAHAVIZAERANVOLAR, HEIX
2aThb (Fig. 6b, ), THHDFHHEERLIS, VU
=TIV Tat A0 OFE, RKREVRTFORETIE,
A YR WVAERBURAS, T 2 K TEIR G E SR AT -
ZIHRTH D, ZOMENS ORI, WOET A
FUREEDOEAE, Bl 7R YT, FEEANZD
Bwhs, EAERKEMEOYEIE, REEAELZ Vv, R
GolHENE UL FHEN, F 7 HEOLEETIIHN
WIEL S EENRITIER S v,

4, BHFEKBRICESIVNTWB YT MITAHE

(Soft ceramics processing)

4. 1. L#A0OY—% (Rheology)

I 3Iv 7 AMLE, TN GBS % RS 5
ZED, 200FERFH o TWD, ILE VI DI,
FEROBEZRELZEICE o THLOMEZED, #
LCZOBEKROHLVWAHZRALZIETHAL, LT
IV I RAEROHERIIAT) - TH S (Fig. 7)o Z
i, FEORERES I v 7HFE2HESEL20D
Wegr, KW, A4 v, FENEUEA, LER, BERSE
W, WKL, Ky~—, Ny —hE, SEXILA
B - RS T2 ELWATH D, (LEMRSIE, FEk
X VBEEDORIED S o & HHENHETITH

L+ a Y — 23RBS BV COR T E/EH R
TdH Do 22 ORAOHARA AR 1] O Fh it = v
F—%ELTHDOT, Zo0k T2 BHWIELIIF] -k

Interaction effects in the slurry
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Fig. 7 Interaction effects in the aqueous slurry used for
ceramic processing
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LZEENVEH . LAu Ty —%TiE, FHEO2DI, 7o
W F AP S 7z (discrete element method
DEM, 29), ZOHFEOHKWIX, ATF) =TI kT
MOMEMERIICBWT, AR e TRBTEI L
THbo

4.2. WFEAEIFIER
(Particle interactions in the slurry)
D RRWRIRAND, HF LV TOMESERTT
WTOBEBMPOHEAET L7 =0 v 1 TH D, FRILAFE

@ pH il EAR EAEH 2 83 5. KT OB IR 5
WIET VA VEBRICBWCH UIC 25, b LET2H L
B AR TWDEAEDL, TNORBAEVWEREEIE 5,

b LK 2% B2 o TWwWa AR5, FROIIEE

505 BEOBHSIIH T Y WVIRETIE 2V, ER 5,
ZO%htT Iy 7 ARBKT BRI, IO RS
FVe pHAMEDHL.OOHIPAT, fF XD BN % Ff
L, BRI o Twh,

M (Iso electric point IEP) & IFHEH 2 IREE T,
BF-RNCAT) B O ERFENIHETH L5, TD5
PECIE, BT ENWIZIEY, BARRD 7V 5 5 Fko
V=V OREMEOIRBICERET 25, ZOEEIE, R
T o5, HEOPLERRE A S OMREMEER, pH lif,
VSRS, IREE, BRI SIKET B, T EAD
MITIRT A= 12& > T, MEHEROWREELS , £
OtT Iy 7 AMBEOHNIE, Rl Ief FGEEw
) IREREEORBIIER S NE 2L TH 5,

4.3. VI - FILIT (Sol-Gel-Process)

a4 N, FEEINS BT (1.1000nm) = &A
PEREW T BT 5. TORFRIENOINIEHL, K
FTOMEMAMRINE, 77 TNV T =NV AHDHDHWIZEE
BMA LTI NCE > TEREN L, S =MD
B, Thn 77y VEEEZRTIEET /RS Vv, Z
g, 7 RFAEN 2 SMAL LT B EEE) & Bk
Tho Bhol/NEWRT-5 4 TH, B 72k TX
MENEIENTEL, VIVITEETEERTFOaTA
FBEHTH S .

774 Iv 7 AREYRT VSV THEAT
INLDOVNIE, BEDRMMEEATVDERE
Wflibih s, bW BHTRE, H 25V e oRED
72D MILEW DS, e OFALT, HIEHIC X - THLY
BHENTWEERD LSRRI S Lo, BT
IR ER A 2 F > T2 B AN RS T, €/ <—,
HHVEETTTH Do ForFHiEEERIE 2 > ORhE
FoTwb, WA, £J3Iv 7 AhTFe, HEOER
TERZ W T 57:D12H 5 HHEICEVTE L. ROGHD
ATy T T, WHEEPTTCVWBESFAY VT—2
EEET AT THY, ZLTENTR T2 BAEWVICH
OfHT %,

V=N TR ATIE2ODRL o B
BMATAHZENTE, FERY<— - b—1, a4
K- =1 EIENE, BOTOV— T, BWiT
DA OB IBEOER LI TS, FFDOREN
Fv bI—IBBEEN, £F Iy 7 ARTFIZFOHIC
Wilobbo BELTWDL AR Y MY —7 55 RAEMICHER
SNTRARICHAEL, BROKESFI/NS Vv, a04
F- V= FTEBDOED I F2MEDLNR, L) ENEY)
Y —DPETHEAL TV 5,

4.4, Bl : KRBT INIZITLZXZ ) —2HW-ER
$51A & B ¥/ (Example: Aqueous AIN slurry
for slip casting)

BAE, WEICR S LWINToZ0I, 2200325
WA H %, MOBERI O Y ITKBRZHEHT 5, K
WIREICB W TN L2 3 5, 2, X 0&EEWR
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BIZ XN VEBBEET VI = A BERT 572012
S5 EATE (Fig. 8, 30), LT VI = A
FE VB GER L FEOYE T, Lhd ) arbiivit
R RO Z e 5, B LSRR E LCTiEH &
NTE7 L2L, L7 hIowaldkeEELRT
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AL X D ARG RSIEEINZ 5 2 EHTE S,

FRHHEZHE L 72 AIN 2 W TKR AT ) — iS4
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i SRR IS RIT TR BIE L7230, AIN 08413,
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Tk # % B S % 7212, AIN IZERER 20 T2k 4

Surface treatment
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Fig. 8 Aqueous processing of AIN by Surface treatment

with Sebacin acid3?
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ENb, TOHTIETNVIFYRIET S, Tzajli
RE LTE LD, AIN OBEBORIZT V=T A5
B ENE, 202D AFY —0 pH HIZHEMNT 5, ]
WA 25 & X D ERCIREE TSR EZ I T2 2 &8
T&b, WHOBDZAT v FIZBWT, OIG, &
WA D, E FaF I VIETH o 2KED, KIS
LT, ZLC2O0 26T %0

— RTINS S 7= i BRI B PO TS L,
B/ LIHEINAERECGDTICLEIENTE S, b
LZORSAHEET 255, L) EIHICKREVWGTEK
BT HIENTESL, ZOTOLATHEGLEFIIh, #
DFERITFHTFTH S0 FERWICKRE VG FITEINE S
THERGTEEN S, HEHAY 7= — )L EIFHE
N, BEVIZHAELTRELL BB ILDTE S,
HHR) =1L, FLRBPEMMEL S L2, EhH
DNEFIED > L RWIEZHZ 2 LI LTHEATH D,
EAKIIEL 25, LALAAS, HEHE TOIEED,
HEROBRIOERNTHA ), TNHIRMEL &Y T X,
WIS 2 WEEMIH 5. 2 LT, 0T &idmmn ik
D=DITHRTIE R\,

4.5. ffl: €53y 7 ZEREOFEEEME
(Example: Metal-Organic Compounds on
Ceramic substrate)

BERSTLELT Iy 7 AOMORMEIL, ML,

FHESF SRS B W REEDSH B DT, o £ ) BIHELS

%o Bl (Fig. 9) Ti, ZnO o 00D K kizk

WTHBKEE, 7% 107 = (Phtalocyanine

Metals PcM) O~ 27 @5 F3kEa3 i, &E 7N a

¥ FRERARILEYWDO I N =T D—DTHbD, D

SFTIE, BREM TSRS 2 VISR BT L

HEINDW, ZOPMIFFIE, FIZIODEIEDEF

BhHYy, BERETFLIZNZNADOOXRY Y=V - v 7
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Wl X 2GR D, —2OR LA HLDT, ZOMH
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Zno ﬂ[':_-:?r";)' Bonding at the edgea
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a J? 'li) l‘l 'lﬁ d: 1 Bonding at the side

Fig. 9 PcM-ZnO interface, a) atomic model, b-e)
structural models with increasing degree of
bonding between the macromolecule and the
inorganic surface

oL, FIZIEL -7 vy —7T, £LC
WAL, MEA L 72K EMOYR TEEII L 5 72323,
COHMD72HIZ PcM =5 FIBRL SR R IR & L,
HHECE L 72 B, T CTELSF 5 5B L IH)
&, FLTEHEICL>TRYELZLENTE S,
FRALHESR O FEMR b Cld, FEH & &5 T 0 B o 56 B 4%
&2 4250WEEEAH Y (Fig. 9b-e), FFIZ, K
L CESTOTES, fi, MW, H50idkEn
T Zn L FICHA T 5. ZNERO 75— 2D 5L,
PcM S5 FDOENENDOHIZRISH 55T Vv —"T,
Bl Z \XHAEE A 4+ > SOy, MU ZETTE S,
ZOREMADOTRIZL BENEND T — ADGTHE
ZERTHIENTE D, NS DOREBIES, wHFD
XBl, #RiE, TZ2HRTTH LD, ZoEEMEO%
X TdH > 720 PeM B4 145, HfFah2EE Licac
BELEBECTERET 5, 2O EIC PcM &E491-2%,
W 2R T 52 &b TEL,

4.6. SHTFOBECHEBLDH @ Si B ED TiO, EiE
(Self-Organization of polymer molecules,
Example: TiOz Film on Si substrate)

B8 - EWoRSTOHTMBRILE, 5708t %R
THLIERERT L, TOHRE, H2ZIERL20
77— YTNVTI = VATl b, HCEG Sz
5T @ (self-assembled mono-layers SAM, 3130) %
ED 7257201 Mibh b, 2O SAM OEHIE, 77F L
NVTAT) TN K o TET T ORI & ik & BIRT
bo TNOLOERNLG T2 ODOMEEZF->Tn5
£1) 7 7L—1b, BiE LTHEEBETE, 5o
A - IR FERG T 50 SORBUTTES MO L
2, HEVIFHCRTFOREL, KT HOEREZ RS
B 72O DN FEE LITHFTET 5. 85 2) ARGTI,
B3, BiEMAO-OIfibs, ZOWEIE, MEKC
HHEMEHIRIL S N, RBEFHIE %Y, LT
Iy 7 AET B,

ZOHOCHBILTOYT I v 7 AMEROBIIE, X
(Fig. 10, 339) TREN D, 4 1 B3 A BIAD H 55
TRBONMTH 5, Si(100) EMEIT bV v HEREHD
PIZHIR L2535, octadecyltrichlorosilane OTS & \»
) ARETIE, Si100) i LICKET 5. @R T
MAKBOBASEZ Y, Si- T35 LicHa3ns, &
BRI E L2 ORI 2 7V, octadecyl-,
%\ id phenyl- 5 H MY D, T OFRRM - MEHEH
BARHIRICH 2 BeBE© UV oSBTl s, 2 Bk
ISR SN T, Si-OH F6% g 5 Ms 21T
BIH, B SN wHRTIIELL Ty, 2F D
AF ), octadecyl-, %\ id phenyl- 3T xZEDF F
ZEALL v ZOREELOIMTIE, lum L0 H o & b
PCGIRREOBR F TI7% 9 T LATTE %3430, 553
fEcidt s 3 v 7 AHEEEAE, # 2 1E Titanium-di-
chloride- di-ethoxide, TDD O TH %, 1 D DK5
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1. Assembling of 2. UV irradiation

Titaninm dioxide thin film
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3. Immersion into
Ceramics precursar solution
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4. Burning out
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Fig. 10 Scheme for production of structured ceramic layers by using Self-Assembling Monolayers of organic substances on

Si-Substrates343%)
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5. F&® (Summary)
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Electrophoretic Behavior of Potterry Slurry
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Electrophoretic behavior of ceramic slip with high concentration
microstructure of the formed body were investigated against the nature of the electrode.
carbon electrodes gives low electrode potential, preventing the formation of oxygen an

(51.8 vol%solid) for pottery and the
The use of

prou ces a ense

formed body. The effect of electrophoretic conditions on the thickness of the deposition layer was also

investigated.

Increasing voltage, time and slurry concentration accelerates the deposition rate.

The partial

thickness control of plaster molding is developed by the combination with electrophoretic deposition.

1. 1FU®IC

BB L 7R TS RN B 2 R0 2 L 13 R <
MOENTWD, T X)) BTHCRICEMZ EE LBET
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CIFEmICE & FEoND, ZOBRBREFHLI2EEE
ERKEEIEE: (EPD: Electrophoretic Deposition)
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Table I. Chemical composition of slurry (mass%)
SiOy AlO3 Feo03 CaO MgO K20 NaoO TiOg
65.7 26.9 0.8 1.1 0.5 3.3 1.3 0.5

51.8vol%, pHII#I8.0TH - 720 MG DILFHK %
TITRd,

AR R EBREEOBANZK 1ITRT, AT —H
WXt OB F IR S, WA ICEE % ENY 4.
ZIT, BRICIZAaE L RF 2B AL EE L, BBk
DEMEMDOZEAL L IR DOTER % IR L 72,
AR BRI BRI ZE L, RIE O R HK
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Fig. 4 SEM photograph of cross sectional view of the
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Fig. 5 SEM photograph of cross sectional view of the
deposited body by using carbon electrode.
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Fig. 11 Vertical sectional view of formed body. ((a) is
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Dropping Solution Technique for Crystal Growth
by Mimicking Stalactite

Hideo Seue, Mamoru Mizutani, Toshitaka Ota

Ceramics Research Labolatory, Nagoya Institute of Technology
10-6-29 Asahigaoka, Tajimi 507-0071, Japan

By mimicking the growth of stalactite and stalagmite, a new technique was developed for crystal growth
from aqueous solutions. As an example, alum crystals were grown by dropping the super-saturated
solutions on the seeds. Further, a functionally graded solid solution crystal of KAISOy9 - 12H20-
(NHpPFe(SOy)9 « 12H20, which had a continuously varying composition from the inside toward the outside in
a single crystal, was prepared by varying the composition of droplets at regular time intervals.
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Elimination of Ka, Lines and Effects of Instrumental Aberrations
from Powder X-ray Diffraction Pattern

Takashi IDA and Hideo TORAYA

Ceramics Research Laboratory, Nagoya Institute of Technology
Asahigaoka, Tajimi 507-0071, Japan

Experimental peak profiles measured with a conventional powder X-ray diffractometer are approximated
by convolutions of the intrinsic diffraction profiles with various kinds of aberrations of the instruments. A
new method to remove the effects of the aberrations from the experimental data has been developed. The
method is based on the deconvolution by Fourier method combined with scale transformation and
interpolation of data. The effects of axial divergence, flat specimen, sample transparency and spectroscopic
profile of the source X-ray are eliminated from the entire diffraction pattern in three-step operations. The
peak profiles in the deconvoluted data are well modeled by symmetrical functions. The errors in the

deconvoluted data propagated from the statistical errors in the source data are also discussed.
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Development of Non-fired Wall Material Used in House to be Effective

for Reducing Environmental Problems

Minoru Ichidate!?, Tomohiro Kagami®, Kanji Kagami®, Jyunji Kato®, Harunori Yoshimura®

1) Ceramics Research Laboratory, Nagoya Institute of Technology
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2) Eco-Tec Professional Engineer Office, Ohata, Tajimi,507 Japan

3) YAMASE Corporation, Kasahara, 507 Japan

Wall materials used in traditional houses of Japan are soil. Soil wall produces a peculiar atmosphere
and composure for residents and fits for Japanese climate which is high temperature and high humidity in
summer and dry and low temperature in winter.

However plastics cloths are used mainly in recent houses because those materials are cheap and simple
to be carried out. But volatile organic compounds of used binders are injurious to health and plastics
cloths are bad for ventilation of house.

Non-fired wall materials used in house to be effective for reducing environmental problems are developed.
1 Low materials are some kinds of natural clay (sepiolite, zeolite, small amounts of straw) and slaked

lime.
2) Developed production process is as followed:
Mixing process: low materials are mixed by Einlich mixer on 20%water content
Shaping process: mixed materials are pressed to plate by 400t dry low pressure vibration press
Curing process: products are cured in batch type curing chamber with humidity control system
and COg2 gas control system
3)  Properties of products obtained are as followed:
(1) By the carbonation reaction of slaked lime plates are strengthened and calcium carbonate is mostly
calcite type.
(2) Plates have properties of humidity control and ability of adsorption of injurious materials to health
(ammonia, VOCs)
(3) Waste of used plates are able to return to soil because low materials are some kinds of clay
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