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NGK kiln furniture and refractories are expanding globally with Asia at the center.
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SiC R&!FmEF SiC product group

X #RElraRE

X-ray diffractometers




HENDADES=

NGK ceramics support business in various fields.

HEAA 2 Ot EEEHMEDSKED,
HS5WDTEFDFEMICTTIHLTNET

e, BETEERMICKDRESNRAIFH DS,
RASRHFICEIRBEHBRBUVCEITET

NGK refractories are produced from a broad range
of materials and support firing in all kinds of fields.

Select the best product to meet your firing
conditions from our product groups manufactured
using the most advanced technologies.

RHK &t =0 AP

RHK continuous test furnace

M ANYIRE & {EFIRE Refractory strength and working temperature

1700 (758 a—5450+ 7u3¥ via=y
Mullite, [Cordierite, Alumina, Zirconia
L
1600 » S
Alumina refractories L 7°/I:l 3 SINSIC SiC @ I:Iﬁl:l
; G High perf
& 1500 |1 C SNSIC | SiC poduet
A
P!
fg .
cc) 1400 Refractories
<
% 1300
g 21, BH NEWSIC
5
= 1200 E{L##E & [SiC
SN- 64 SiC !
Oxide combination SiC X
SN-Combinatioh SiC Sa“'ia"""’a’e
1100 | ‘
0 100 200 300

Bi7F SiC &

Current SiC product

BH (58 (MPa) Bending strength

Y I AD. LIS T8

V 4

SIE BRG] Usage examples by product type

IXNF—PDEF
Energy

ILIZbAEZIA
I

Electronics

BBESEH

Automotive

TAATVIDEH
Display

KD EF

Nonferrous

EENF

Ceramics

FOMDREH
Others

500C

KAOFEER

HELE B AR
Thermal power genera
smoke desulfurization

eE—k>>y
Heat sink

BB,
Semiconductor device

tion use
component

component

TSR/ (600"
Plasma display

AARLY AT Z—
Glasses lens anneal

OO

1549 4— (800°C)
Inductor

Barium i

LTCC (800C)

7L —=*/Cy RERH

UF LA > BB (9507C)

Lithium-ion battery anode materials

FHVBINUDL (900C) &

Brake pad addition matérials

750C 1000C 1250C

Varistor

900°C) MRAEKERE

Refuse incinerator

tanate (1200°C~ 1350°C)
JNUZ% (1100°C) Ferrite

Powder metallurgy sintering

CEIYRAZYIR—BMLTWLET,

1500C 1750C

UFULAF > EHEEM (1300°C)

Lithium-ion battery anode materials

EAEAC B (1400°C)

Solid oxide fuel cell

£33y av 7 vH¥— (1300°C)

Ceramic capacitor .
Sk 7ILEFEMR (1600°C)
=2 Alumina substrate

73y IR (1400°C)
Ceramic corhponent

HY—3I24— (1250°C)
Thermistor
ZIN—=2 734 (1600°C)

(1150°C) Spark plug

J\=711 (1400°C)
Honeycomb

&1 (900°C) BERF21—7 (1150°C)
Tire addition materials Tube for forging
>) ITO# (1000°C) ¥R (1250°C) ITO gE#E (1600°C)
ITO powder PRosphor ITO sintering
7JL= (800°C)
Aluminum
i
Copper
#4p3 (1200°C)
Sanitaryware
87 (1300°C)
Insulator
R (1300°C
&4)L - K (1200°C) apleware
Tiles
L (700°C) 1tkimEERl (900°C)
Cosmetic pigment
A%t Refractory lining
-SICO—7>— SIC roller
+7JLEF LA Alumina brick
TS EEHA < AF Y RL =)L, fRERIR Skid rail, Hearth board
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CEhS. mEDE/DLD

BAAA Y DEFMNDIE, SEEXFEMFREZERUHER. SHE-—XICBIHATDE
NEWSIC Z(EUth T2 10 BRELULDOESRMD SESNICEXREREMEFOTH S, RELE AP ZLET VLTI,

As a result of our efforts to perfect all kinds of firing conditions, the NGK kiln furniture and refractories are available in a broad lineup of materials, configurations, and shapes to meet a diverse range of needs.

|:|c§ D EE?O

The best productlon begins from selection of the most-suitable product.

B Ix&M - WIRZERO A TVE D,

Select the most suitable kiln furniture and refractories from our vast product groups made from more than 10 types of composite materials, including the Si-SiC product group.

Material Product code Feature Application field
IXVF—DEH  IV/MIZIZ9H SEIED g TAATVAREH D E EXDH Z DD E
Energy Electronics Automotive Display Nonferrous Ceramics Others
NEWSIC BIERRILT (R CERSNIBRORILE. SiTER.

(Si&=RSICH)
Si-SiC (Si-penetrated SiC material)

S[ILERZEOIED I cmRE SiC R A4,

Pores in the structure formed from high-purity silicon carbide are penetrated with Si,
creating a high-strength SiC refractory with a porosity that is close to zero.

SINSIC

RICTARZETARTRE
BNIBMEEN, TR,

SR Ko

Nitride-bonded SiC material

jzas A Q;
(E%%fﬁn H SIC g) This refractory consists of silicon carbide bonded with silicon nitride, and features
Nitride-bonded SiC material exceptional thermal conductivity and durability.
LAy
(ﬁ% S C E) m%ﬁfﬂﬁ’]”f%'(%ﬁiénﬁ_ﬁ‘f‘n ElElmﬁK%o

[=EE] This recrystallized refractory is composed of a high-purity silicon carbide.

Recrystallized SiC material
_— N .
T7oaYy
(E{EA SICE) EEORILT I REMERILT AR TRES.

ES i=Y=Re]| O =] Created by bonding high-purity silicon carbide aggregate with silicon nitride.

h%yay

RACT A RBM BRI T RECDRR(CYIETHESR,

Mullite SiC material

(Eﬁ'ft%%ﬁé&c g) Cr.eate'd by b'olndlng $I|I00n carbide aggregate with an oxide phase composed
Oxide-bonded SIC material primarly of siieon oxide.

SHOAAOY LA MAICR(L T REDBS B 1= — IR A 4.
(hoARSICE B E I BN T B,

This unique refractory is created by diffusing silicon carbide in a mullite phase, for
superior thermal shock resistance.

Loy
(NF, MX, M. MC)

LS NE, b5 b= =T 51 NEBE,
AT & DI VB,

Available in a broad range of compositions, including refractories with mullite

NF, MX, M, MC material or mullite-cordierite material.
F7ILETE, b O L ae \ = e
=71 AIRON RERBICHERTI0B U EHEEXEFH I /M A,
JI-F154/ M E (%*EVJ-E) TFILEFE, LA MNE, O—T1 A NERERERMNH S,

AIRON® (Various materials)

This refractory weighs at least 30% less than previous products.
It is available in a variety of materials including alumina, mullite, and cordierite.

PIVIF+E

IRTLRT 1L —

WHITE FILTER

B SNESMERTILETEDOEMN FZERED 9AI0s - 2B203 T
BEAIEIETAILY — . NEYHBEREEN S, BEBRINDRN,

This filter material uses crystalline 9A1203-2B203 to bond aggregate particles of
graded, high-purity alumina. It features high inclusion trapping performance and
minimal molten metal contamination.




Stk SiC High performance SiC

B ANF—RER R YOG 2 e (29 28 %4

New materials that allow the design of energy-saving kiln furniture and refractories

NEWSIC...

MAMDBEZEELTCVDDIF. [FLDKESEE,
RALT 1 RO 2BV IV TIEODHIET, [FLERZTOCBRDIF A DIFeDh
BN VD RFE L NEWSIC (F38 SiC RiitAk4)) TI .
NEWSIC [&ERD SiC RN D 5 BDEEZH 5.

ME{ L, MAEICEBN TV, SRFES FCH
REBERATSIENTRETT

FEBEDEDTELDT, BF  BEOEIR/ILF—E
ERMAOREHTELTWVET,

The strength of a refractory is determined by the size and
quantity of its pores.

BfitEty 52—
Setter with leg

J Xb
Nozzle

Si-SiC (high-strength SiC refractory) is a refractory newly
developed by NGK that fills the pores of silicon carbide with
metallurgical silicon, resulting in porosity that is as close to zero
as possible.

Si-SiC is five times stronger than conventional SiC refractories,
and has superior oxidation resistance and durability, allowing it
to be used for long periods even in high-temperature
atmospheres.

Because of its extremely high strength, it is ideal for the design
of thin, lightweight energy-saving kiln furniture and refractories.

tya—
Setter

E—-L&BO—J
Beam & Roll

3= ¥ 45 14 Material characteristics

=EE

8 B2 D 458 Product characteristics

EAICEL /= it B 1 1% 18 72 K bV AT gE MEEEHFW SEEMEDHD

High strength

BRI SERE T, RO SiC RN
YD 5 BOBE =R
HmERDIcHDEEBEESDHRED
aEE GEHBUP, BT RILE—).
Maintains strength that is five times that of
conventional SiC refractories at temperatures
from normal to high.

It allows the weight of kiln furniture for product

firing to be reduced by 50% (for larger firing
loads and energy savings).

High thermal conductivity

He7IVEZOLAERBEAEEDRIT
B (feRmA DR 10 15) .
SHIEEEZEICHMA B, Bk
BRI 30 ~ 40% J@fE B el

Offers thermal conductivity that is on a par with
copper or aluminum metals (approximately 10
times that of conventional refractories).

This allows it to withstand sudden temperature

changes, permitting a 30 — 40% reduction in
firing times.

High oxidation resistance

mEpEN 2D & KREICSTEVE(LREZR
HBEAEK EELTEEE).
BIESBIENEFEAERE LTV,
EH 3 ~ 10fEICHV B,

When heated, a thin oxidation protection
membrane forms naturally on the surface (and
is regenerated if it becomes damaged).
Almost no degradation due to oxidation

occurs, extending the refractory lifetime by
three to 10 times.

Allows complex shapes

BODEIRECERMPIRD TE Do,
ERELRMRET N6 RABET
OtLATODBEEUTCHERATES (#
B, KR BEBESH).

Because bonding is easy and complex
shapes can be created, high-precision
product design is possible. Can also be used
as jigs in the product manufacturing process
(semiconductors, liquid crystal, automobiles,
and others).

High heating efficiency

ERNMEBHARNE <. T2FRFICE
LYo BmaHAE LTRWVSD & RNz
DHEDED TR,

Far-infrared emissivity is high, making it close
to a perfect black body. When used as a
thermal radiator, allows extremely efficient
product heating.

Electrically conductive

BRUCEMN DB, BEEIZHUIC
LY FTOFEDBLELIU—VIL—
LATOFERICEET D

Because the material is electrically conductive,
it resists formation of an electrostatic charge.
This prevents dust and other substances from

adhering, making it ideal for use in clean rooms.

10



S1¥gE SiC High performance SiC

Z M= — AL L7z B8 IR

A broad lineup of shapes to meet a diverse range of needs

~,~ Xy L 2 it (KR
S I N S I Y v 7 Mesh shelf board (Large)

H 41 X Size : 2700mm X 1950mm X 20mm

SINSIC (B{bT %55 SIiC) [F. AREM - BTBHICEN. RETEOREL. HRLZREH,
®
ARESEAM - BHPIRRBICHITTESBNICERMAY T, CATA R(

Nitride-bonded SiC material features excellent thermal stability and thermal conductivity for heat
treatment, and helps stabilize and streamline manufacturing processes.

These superior kiln furniture and refractories are compatible with large-size, thin products as well
as products with complex shapes. —

EEMR Re-SiC
Bonding shelf board

T4y 7I>7 LUEHEME Product characteristics

Fish crank [T = R
NS ; T4 T3I992 353y 7L
A& 1 > NGK material Fine ceramics Other material
778y n50> FAIF| #% | 7iazos | EM

A Product code NEWSIC [“snsic | c/zsop | sunsic | nioo | Y77P% | SSC | wumina | won | Aumiim | Stone

#8 Material Si-SiC SNSli)gnd SN ki)gnd Si082il(::ond SO;i%ond Re-SiC Sirétieéed S,i-{}tze(;tzd _ _ _
SiC wt% 80 74 78 95 90 99 97 - - - -

£ | SiaNa wi% - 25 15 - - - - - - - -

. . . Chemical
Xy ¥ 2 AR INTT composition | SiOz2 wt% - = 5 5 10 1 = = = = =
Mesh shelf board Pipe

Si wt% 20 - - - - - C3 - - - -

- ulk density = J ] ! | ] . ; I | . f

byis 71 £ E Bulk densi 3.0 2.8 2.8 2.8 28 2.7 341 3.9 7.9 2.7 3.0

i 5ot pparent porosity b

2T RHSILE A % 0 10 7 10 8 17 0 0 0 0 0

B (RT.) MPa 250 180 58 200 50 100 500 400 - - 20
2
Bending strength o [<(4 gl HAiE
(1300C) MPa 250 180 58 200 55) 100 500 400 Softening | Dissolution | Collapse
ﬁéﬁ?ﬁﬁ I A7 > 4% Young’s modulus GPa| 350 300 60 250 55 200 400 380 200 70 90
echanical

property EwH—Z (1) Vickers hardness HV1 (GPa) 20 15 - - - 13 22 18 - 0.3 -
£ — XHEE (2) Mohshardness - 9 9 9 9 9 9 9 8 4 2 1~6
K77 b Poisson’s ratio - 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

o= Rt SEr— =3

Bt | @XUEHE (10°Qm) [ 1.0x10° = = = = 1.0%10° | 1.0x 10" | 1.0x10* 10 3 =

Electric property| Electric resistivity

AT E itk R
Shelf board with leg RefEFRE Maximum working temperature ‘C | 1350 1550 1550 1500 1500 1600 1600 1600 - - -

b2t Specific heat J/ (kg *K) 700 700 700 700 700 700 700 800 500 900 -
I ARI1REL Thermal expansion coefficient 10°°/K 45 4.7 4.7 45 4.7 45 4.0 8 12 23 9

A — s - .

e (=B Thermal conductivity at RT. W/ (m+k)| 180 35 20 20 20 50 160 32 75 230 2
&ML Oxidation resistance - | 01> 0.1 0.4 0.1 0.3 0.1 0.1> - - - -
i 1) — 7% Creep resistance = O (@) O (@) O O (¢} O - - -

Xy Y iR L& 2% Thermal shock resistance - (@) @) O O O (@) O AN - - -
Mesh shelf board - -
(*1) EvH—ZBEEHV1 7E=9.807N (*2) IBE—REEEEEHL 10 EXRE T

1 (*1) Vickers hardness HV1 Load=9.807N (*2) Old Mohs hardness conformity 10-grade evaluation 12
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IR (k- Bz E—H)

Weight reductions of 30% or more (lightweight, energy-saving material)

MERBELLEL T, B—HAK - HET30%LU LD
EEHIRZERELEX U,

BEONDEL THAR—

LR IR BARET T

ARICEUCEE

IVEICBHEN, BEEMICKD,

BMBZRDHATVET,

AIRON

AIRON [, FEGEICKDBEEFRDFILY T7 ZFv—o

This lightweight kiln furniture is the result of a new
production method.
For furniture of the same shape and size, it achieves a

weight reduction of 30% or more compared with
conventional products.

It features little deformation, excellent spalling resistance,

and can be bonded to create complex shapes.

A broad range of materials is available to suit every
application.

Lightweight setter

13

SUERHFME Product characteristics

. 3 : L74bA-F474F | =T 474 b
R Material FR 97 Al Mullite cordierite Cordierite
S5 4 Product code AIRON-A7 AIRON-A8 AIRON-M5 AIRON-C3
s vl N=| K
Wk | ZEEREEE (C) 1400 1400 1350 1300
ire resistance | Safe use temperature(°C)
5 Al203 67 76 59 42
LZR 5 (%)
Chemical .
composition Si02 32 24 37 46
MgO 4 10
779 EEEE Bulk density 1.4 1.7 1.4 1.2
<fEXm&EDEE> < 40%i8> < 40%ik > < 30%ik > < 40%iB>
<Compared with conventional products> | <40% decrease> <40% decrease> <30% decrease> <40% decrease>
R#5ALE (%)
HFE Apparent porosity 55 50 52 56
Characteristic N
t P34 (MPa) 8 10 16 5
Bending strength
B IRE (%) at 1000C
Coefficient of thermal 0.38 0.55 0.38 0.18
expansion

Y

-

11

1 L—=/ 3 >/ ili7 Simulation technology

=ab—Y3VTRAICKMSTIVELELE T,

Simulations that prevent trouble before it happens

REITDCEICKD, RETHETDURIZENTDIENTEXT,

TN 7

By settlng the kiln furniture characteristics and heating conditions, these simulations can analyze the risks

that occur in actual systems.

ERIICAES
| FROTL— K (FZ RE—R) BEBEEHUNICERT 2 &N TEET,

Movement of the plate (test piece) inside the kiln can be reproduced by simulated means.

1) X7 7%R5E Advance verification of trouble risks

2ERETIV 0%
Whole model Passage 0%

HiE 10%
Passage 10%

1EIE 50%
Passage 50%

EiE 100%
Passage 100%

&8 50% 85D FAI#E SR Results of prediction at 50% passage through kiln
519375 Stress distribution

SR 570 Temperature distribution
VZab—vavIc&kb, FARE—RD
ME - RIREETEEZZEZ DT LT, Ein
URU%ZEHE. REMIEZEDET,

Simulations make it possible to vary the
material, shape design, and other elements e
of the test piece in order to eliminate the

|

RRGAH

risk of cracking and to extend lifetimes. TAR t —A .
Test piece Maximum stress

TBEBEYSaL—Y3y (AX—=Y)

Kiln furniture simulation (image)

BYALAT v I ICTC—HRZRENITEIDH L.
O [FEE, @ RIRIRFEDRMZ
IERZEE S 2 C £l K DERIFIREZREIR

A portion is virtually cut away at each time step, and continuous kiln
conditions are reproduced by sequentially changing the conditions of
(1) the kiln walls and (2) the front/rear boundary surface.

14



d—35 « 2457 Coating technology

BERD=—XICFDOE, ST FTHMEZCHE, MR ECEBNCRESI—T 1V I HiiTZ CREVELET,

We have prepared a broad range of materials to meet customer needs, and will provide the ideal coating technology with superior reactivity.

SINSIC iR — h&& (X 7L —2a—+b
SINSIC shelf board coating products (Spray coat)

NEWSIC I—r& (RTL—a—1})
Si-SiC coating products (Spray coat) —

v 42— (B4
Setter (Thermal spray)

Egk (R LIAAI—F)
Saggers (Slushing coat)

OJ— METHEEME—E Coat construction method and list of materials

J— biET AR # 8 B EF
Coat operation specification Material Field of application
IS A & Mullite B2 21 Tableware, Tiles
& = .
é" Raw 7JU =& Alumina BRI,
§ L 7 )V =+ — )b =7 & Alumina — Zirconia Electronic component
g ZII LZ4 hE Mulite B8 - 21 Tableware, Tiles
(%)
I 77)V =& Alumina
~ MLCC
7 )V=+ — )b =7 & Alumina — Zirconia TJIS54 k
JE2 N Ferrite
kﬁﬁ Y20s ZF{tY )L =78 Y205 stabilization zirconia
Baking
g it CaOZE{LY)L =7 & CaOstabilization zirconia AVTIY—
> % ) Capacitor
£ 3 CaO/Y:20s E{tY )3 =7 & Ca0/Y20s stabilization zirconia _
G 7 7714k
o Y-0s Z5E{t,> )L 0= 78 Y205 stabilization zirconia Ferrite
=57 = i
E HRF52T 7 )LV Z & Alumina MI__CC
& A Gas plasma 7 V27 — V)bAZ=7 & Alumina — Zirconia 7171 +h
= Ferrite
= — S = el s . . s
: &4 v;j(t7°7|7\7 Y:0s ZE{t )L 1= 77 & Y-0s stabilization zirconia PR
= ater plasma 2 3JVE Spinel Fuel cell

SEQTJ Thermal spray

ARElE BMOXRED. @ CBREFIRIZEOREICTZ 3K IR S NI RENE XM T,

BLDERICKD., BRISDVIEZNISEVRRECINZAUCBRE (28 - E5IvIR - Y—XubEE) DfKR

BBV IEEDARNFZILRL T, BVEICEERTIBEE DT, HEERRZR NI 2RENERIMT T,

Thermal spray is a surface modification technology which was designed so that the base material surface can withstand extremely harsh
environments and conditions. The particles of molten powder, wire, or other material (metal, ceramic, cermet, or other), heated by a variety

of heat sources until it is molten or nearly molten, are accelerated and sprayed onto the base material surface at high speed, forming a
functional membrane.

BEIDISFE O 5wy - HilgRERI—T 4V TE, BEFESHKEEDLKDFET,
Features of O EMAICIA—IZSZTF, BUCKDEHFENFEELICKL,
thermal spray | @ FERNOTADEFECED. MEAEEE, SBENMISINET.

O ASMEEENB/BICOM—)LTEET,

® NEWSIC ER=MODBBREIHAIEE T, BEBDHIFICKDE T,

* Allows coating by ceramic, resin, or other materials, producing a high-quality composite membrane.

* Does not damage the base material, and is unlikely to result in strain or other problems caused by heat.
* Pores in the membrane provide thermal shock resistance and impregnating ability.

* The thermal spray membrane thickness can be controlled as needed.

* Repeated spraying of Si-SiC and other materials is possible, for a reduction in costs.

75 A BEMEEX Plasma spraying conceptual scheme TAGTRERTE DML Conceptual scheme of the spray film section

R ateria e e B EHCPhoTRIET MR A M.
1EENH X Operative gas B8 Anod membrane matera
ode \
O v ‘-> ‘ ’
.
e .
2, Y
h o\ .y ® Blisle o 0o ° .> . .
fatf * * 0 o°® > ® .
Negative pole -7 7 L) meee® o0 o . - .
‘ . BEETIATT b . -’
* A High speed plasma jet [
1E&E) 1 X Operative gas P48 Anode gﬁ:‘:ﬁﬁ; ﬁfjmﬁi
EEI—7T 1 VI mEERR Al sorts of coating types and features
J—KN&E HRTS I B4t KIS B5 AJTL—3—hk LA
Coat method Gas plasma spraying Water plasma spraying Spray coat Slushing

WSS
Structure of
cross section

FEAE (um)

Surface roughness S 15~20
RHI[ILER (%) - N
Appa):ent porosity 3~10 5~15 30= 35=
RAEE (Um)
Maximum thickness 300 1,000 2,000 3,000
] M EAETEE it R I 14 AEMEL
R B VAL 2l AR IS EEAXT IS
Features Smooth Thermal shock resistance | Reactivity resistance | Wall thickness construction

Accurate Stress-relaxation Shape correspondence | Saggar correspondence

15
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B2 - H5ME2s B Tableware, Sanitaryware field

B2s70EF Tableware field BEHEPIZS D EF Sanitaryware field
BREBDEFICTU VR, 8. ik, 5V 08K E, SBERWANYISHRU. BEEZRDEICTHIR. XAFETE.
RFDEREZFEHLIT. SLVMEHEZEFSTCVET, BREERLM AU,

In the tableware field, we provide saggers, supports, shelf boards, clamps, and various other kiln furniture B FREICE D ERBZEBBECVCLEITFRT,

and refractories, and our many years of successful results have earned us a high level of trust.

In the sanitaryware field, we provide shelf boards, supports,
and various other kiln furniture and refractories. Select the
products that best fit your firing conditions.

— B AR AY (a0, F720r)
Refractories for ordinary ceramics

BIC, TUWMERLUTSINSICHEZERTSIZLICKD, EIXR REMIELEZEERIRTIIENTEFXT,
As a new proposal, we also offer products that use the material Nitride-bonded SiC material and provide
energy savings and longer lifetimes.

Ta4ya7729. TIF2 7 fb Fish cranks, T-cranks etc. Y Plate sagger, Profile setter and Box sagger

SINSIC 451 Nitride-bonded SiC material characteristics

(MPa)
SII '
200

&

;

# 150 |—

ff 4 {ZEDIRE 4x strength

o
£FEMHR Plate for RHK, TK, SK &4 Support T 100l B - BE{bDAEE

% Thinner shapes and lighter weights

c

% N-100 #itk 20t —» SINSIC 8t
BHEERCEOEIIFHREIA, SEI—HMIBRIGLTHDET, o C/75 N-100 shelf 20t — Nitride-bonded SiC material 8t
We also offer products with special shapes to match the shape of the tableware, and with a =) 50— R N L
variety of coatings. @

| | | |
2.6 2.7 2.8 2.9 >
AYtE Bulk density
‘ | AEICKDBEE(LTTEE BIR (REHEREHIR)
’ » /" Thinner shapes allow lighter weights. Energy savings (reduction in fuel usage)
[/. R4 1E UP RFHdnik
Improved oxidation characteristics Longer lifetimes
TaT7 Ity &— (1&M) Tty 2— ()
Profile setter (Oval) Profile setter (Square)
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{5t R R [E 24 Saggers

FREBR O KT FY A AORBEETERICE  IEEHZRRE L.
MG EEMEOBEAICK > CESHEMZLERVCLE T,

We can recommend ideal saggers for your company with optimized material composition and particle size.

Sagger lifetimes are extended through the use of materials with good resistance to thermal shock.

AR

Round saggers

LZAhI-F 151k
Mullite cordierite ‘

-

FANEEE=S

Grooved saggers

19

HEFLEEHRICHBLTVET,
*Can be produced in a wide variety of shapes.

LiB BB ¥R BNIEAESF #E—E3K Lineup of box saggers for LiB powder heat treatments

TIVIF - LFA b
Alumina/Mullite

#E#& Material code M27
R#SKFLE (%) Apparent porosity 22
HHYHE () Bulk density 2.8
IR FRE (MPa) Bending strength at R.T. 9
Al203 88
{EmA ) S0z "
Chemical composition MgO _
C —
iif Li RIS Resistance reactivity with Li O
i 24 B Thermal shock resistance A
dX b Cost O
¥R Feature it R IctE % e R

Improved reactivity resistance

R LiB BHEA ¥

Corresponding LiB electrode material

Mn . Cok. Nik. =LRIEEH

Mn type, Co type, Ni type, Ternary type cathode materials

MHEIRRBETHY). RIETEHDTIEHYEHA, *The figures are representative, and may differ in specific applications.

TOPICS

BEREZEEL. [TFELEDELINEWSIC ZRIF

Development of Si-SiC, a high-porosity permeable material

4{&H External appearance HH81E Micro structure

4% Characteristics

BESAT SRESAT
Regular type High-strength type
it SALE (%) Porosity 90 85
Physical properties HYBEE (g/cm3) Bulk density 0.2 0.4
#(f58E (MPa) Bending strength (MPa) 1.0 5.0
EZE S (mass %) | sic 58
Chemical -
composition Si 42

2 Feature

OBETEZE L. BES Si =i SiC B,

(EXRTHREBS)
(1) Permeable and lightweight Si-impregnated SiC sintered body
(8-dimensional mesh structure)

@ EHEL. TELERHIT—,
(RFLERISEIRATRE

(2) High porosity and uniform pore sizes
(Pore sizes can be selected.)

@RI, FHERARICKIRETHE,
(EXRTHREBS)

(8) Can be provided in irregular and special-order shapes.
(3-dimensional mesh structure)

@H5E. BEDATHE,
(RALEDELFDE. BEEBEDEBBEEL)

(4) Can be bonded and layered.
(Complex structures combining layers with different
porosity or high-density layers)

@ d— I\ﬁﬁlb‘ﬂﬁgo
(MRAEI—REE)

(5) Can be coated.
(Low reactivity coating, etc.)

TR Example of application

[1160 X 10mm [1360 X 2mm
BESAT =RELT
Regular type High-strength type

SIENELBE

Complex structures combining layers

TBIEY A 7 2-layer type

21 = SFLE(X)

Porosity (Large)

SEALEG
Porosity (Small) —REE

High density layer
) R BN

Porosity (Middle)

|

BEE & DEEEE

Different porosity or density layers

%m{t&gﬂéfﬁ LJTC@E?}*Z High-density materials for thinner products

ES{L¥Z44 High-density oxide materials SiC###%4 High-density SiC material
BREE #9105 <XHRERRE{EM SiC (15MPa) > BRFE %910 fF<XHEkSIC (50MPa) >

Strength approximately 10x Strength approximately 10x
<compared with conventional oxide SiC (15 MPa)> <compared with conventional SiC (50 MPa)>

O—5171 K Cordierite Y727 Magnesm _')l/\i'Alumlna

ERAAEICIN Ul BRE T AE SEPERTRE
The material can be selected according to the purpose of use. Thinner products

High-density SiC

443K Characteristics table [ EB{E4@Ea44 ] High-density oxide materials [SiC #EM 1 matera

HER

AR
Conventional product High-density materials High-density materials
) A=7474b
8 Material Al203 Cordierite MgO Al203 SSC
H(F38E (MPa)
Bending strength 20 150 150 250 500
HYIE (-)
Bl donsity 3.2 26 33 39 3.1
RERILE (%)
Apparent poros?ty 18 0 0 0 0
BZERFREL (10/k)
Thermal expansion coefficient 8 2 13 8 4
BRHE (W/(m- k)
Themal conductiviy at R, 3.5 4 71 35 160
{fi#& Price © O A O A
MAEBEEL S| MERAMER | BEE R b1t R 47
VI200CRIT | 5ICENS | High stength | | ZIRFE, SRS
ﬁaﬁjﬂt, Excellent Good oxidation resistance
¥R Feature High resistance to resistance to High strength
thermal shock basic . o
Can be used at . High thermal conductivity
geggg,:a%”es up to reactions

Comparison of various material characteristics

(MPa)
4008 ol
EEHO ssc | ®:sic
300 _High- densn‘ly matgnals O: Bty
" Oxide

200 — P

Stregth  i@ig

S 2

Lightweight materials

@ |
HEFR M

Conventlonal product

A
| I | | | \
0 20 4 6 8 100

SFLEE Prosity (%)
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Filter for molten aluminum

7= LasiliERE

BV IVZEZOLBRBET4IVY— /" TRITA T4 ILT—
Molten aluminum filter / WHITE FILTER

ZIVZZO AEEROEISTIET.

BR7ZIVEZOLAROENEEDNTEDZERET DT IV —,

BRA7 ILIE. BMEEDOREE LIC—&D > TVET,

This filter removes foreign substances and other inclusions from molten aluminum in the production process

for aluminum rolled products, functioning to improve the quality of aluminum beverage cans, foils, and other
products.

INESTE

Heating

A&
Inlet

000000 O

TANE—H— )y
Filter cartridge

INEHE

Chamber

Each filter cartridge set has an appropriate chamber to suit. There are also single and

double type ch

ambers.

T4IF—A— by IICEEUIRBEZCHE. YV IIIATEITILIATLDBEEVVEEIFTE T,

BRIV LAY 3R Kiln furniture for molten aluminum characteristic table

BR7IV==D LRmAY

Kiln furniture for molten aluminum

BR7ZIVEZOLADE—5—F 21— TPFREE., RFFORRL VA E,
MR, MGG CENCREMANYZE CRELELE T,
For dissolving aluminum process, Heater-Tube, thermocouple protection
tubes, Lining Refractory, and various other kiln furniture and refractories
which have excellent corrsion resistance and thermal shock resistance.

21

LR (%) N BE (MPa) nEOSHE
RefEE Chemical component physical properties Strength Thermal characteristic
il # ® | EE) . e gy | BEEE | o
Product code Material Imslafe use . ) ) RETHAE) HhHHtE TEBITEE a{mﬁgg%f ZRERAR ?Uf‘ifg?o(é) at 350C <g}§%b{ﬂ;%)>
v temperature(°C) SiC | SisN4| SiOz | Al20a Apparent Bulk density HMETIERE High temperature TETENTZELE aThermal <W/(m-k)> Og;d(aiationD
| 7 4 “‘/9_7]_ I\ U v Eostly N bending strength LTSS e expansion COL%%’&‘SEW resistance
Filter cartridge -
FUvAr 24 Sic
C/75(N) l\ﬁride-bonded sic 1550 80 18 1 — 17 2.6 40 40 — 0.46 16.3 0.7
77057/8['0\/ g‘f{fdﬁﬁd’ffég 1550 | 87 | — | 12 | — 1 27 37 50 — 0.47 17.0 0.9
IRDA R T4 )L —DFEER
— 5y T f cartrid a L -
Features of the White filter Fa—THEAE Types of cartridges ROA R T 1 LY —45M43K White filter characteristic table
e A
G} G} > R#4DFEXE Bond type F 1 —TJ&F Filter mesh
O BN TEYEE AL Z_tﬁﬁy?e MA> K Mbond | G&HRZK Gbond | 91K K 91 bond B&#1 7 Btype | CZ1A 7 Ctype | D17 D type
[ B
I . 8 A& DL ks B A A A BRE (2/min) | 45504 150 1600 £ 100 1450 £100
Excellent filtration efficiency S-tuble type NTACZANZANVANTANY, Purpose High purify General General Permeability - - -
(AN LN LN LN L) bR R Al202-B202-M i i =
- - -Mg0 % Al203-B203-Mg0-Si02% | Al205-B20s-Mg0-Ca0-Si02 % RAKFLE
.@ﬂrgﬂﬁ‘jﬁ'ﬁ ;lﬁtﬁf%y?e \"’ \"’ \"’ \"’ \"’ Chemical composition Azlz(a)a-éz(a)yMgO Alzzoaa-ézoaa-MgO-SiZOQ Alzzoaa-E:z(;a-MgO-CaO-SizOz Max.?ore size 450 u 370u 320 u
Excellent corrsion resistance 18 A% (ﬁ&} (ﬁ&} {G&} {G&} (ﬁ&} (ﬁ&} A RRH(ON.0:+28,0) | BBHIONL0, 2500 +757% | RBHON0,128:00 17528 | | PRIFALE 200 160 120
. ' : e . 0t '
e 18-tube type ENVENVENYENYEN Form Crystalline (9A120-2B203) | Crystaline (9A1:05-28205) + Glass | Crystaline (9A1:0:-28:0) + Glass | | Average pore size u H H
N — RN |
O BNERE EE . 20 A & \‘3’ \‘3’ \‘3’ \‘3’ \‘3’ ﬁg;}ﬁéf " 304 104 104 §¥L$t 37439 37+ 3% 37+3%
Excellent properties at high temperature 22-tube type "3\ "3\ ’3\ ’{}\ "3\ "3\ EBHEIETRE SR
28 A #4 <\ GRUROBAEIR. 50U/MNE<AENET,
28-tube type ) X The G bond permeability is 50 L/min higher.

TL—h21 THEERIEETT, NGK can supply plate type filter.
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REFMR 1 | #i4R - 52— Table of quality characteristics (1)

Shelf boards and setters

XiMERMEME - IR 1150°C, BL) v FRESR T T0 200 BFE# DE R EINE L 25 HEEOERIEMEDZE,

*Oxidation resistance: Difference in the weight increase ratio in an oxygen-rich environment at 1,150°C after 200 hours and after 25 hours.

24

K W w®-T L — b8 Ty a— itk - 7L—r8E BEty4—
P, Forar bk imb2 Livar Lovar M/P M/PN AIRON®
NEWSIC s /751 (OP) C/80 kAR
C175 plate (OP) SINSIC N-100 N-100F /60 medium/large plate MX-800 NF-1 AP-851 MP-18H MP-N MP-DR AIRON-A8 AIRON-A7 AIRON-M5 AIRON-C3
# Sigi&-SiC A& SiC Z{t#EE SiC Bt 4 Sic LTAk LTAh LFAh-T=T 151k TIVIF LI4b-2=T4740 | A=T 154k
Si-impregnated SiC | Recrystallized SiC Nitride-bonded SiC Oxide-bonded SiC Mullite Mullite Mullite-Cordierite Alumina Mullite-Cordierite Cordierite
REFEHRE (C) 1350 1600 1550 1550 1500 1500 1500 1400 1400 1450 1300 1350 1350 1400 1400 1350 1300
LR (%) - - 15 25 - - - - - - MgO 8.0 MgO 65 MgO 65 - - MgO 4 MgO 10
Si 20 1 5 = 10 10 12 28 16 13 45 40 40 24 32 37 46
- - - - - - - 71 83 86 45 50 50 76 67 59 42
7] R#KILE (%) 0 17 7 10 8 8 10 17 17 22.0 26 22 19 50 55 52 56
HiHEE 3.0 2.7 2.8 2.8 2.8 2.8 2.7 2.6 2.8 2.75 1.9 2.0 21 1.7 1.4 1.4 1.2
EiRHTRE 250 100 58 180 50 48 45 16 10 14 13 10 16 10 8 16 6
BEE (MPa) | ERREHIFAREE at 1400°C 250 _ 10 _ _ _ _
G o (1300°C) 100 58 180 55 54 50 16 8 (1300%C) 8 13
FREMREE _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
FIIREE (%) at 10001 0.45 0.45 0.47 0.47 0.47 0.47 0.48 0.50 0.50 0.50 0.22 0.22 0.22 0.55 0.38 0.38 0.18
IR at 350C (W/ (m-k) 100.0 28.0 16.3 30.0 17.0 17.0 16.3 2.0 2.0 2.1 15 15 15 05 05 0.3 03
BEE: (ERANEE (%)) 01> 0.1 0.4 0.1 03 07 0.9 - - 01> . - - - - - ~
WAF—IVE (HRRE (T)) 500< - 450 500 < 400 400 375 450 400 450 — = = - - - -
=hRE =Rt — 3 4RAR A For general-purpose shelf EEE — TR
3 2 = =i AR—IV AR — - = L S EIAUR “ e . - .
LI e —gAR  Ga BRBED | BRE—L _ = R g wrxr—te | DXTCEE | g e | BENCR g WAK—I | EEAR-E
+F N1 18h-temp General purpose 5 Enz N-100 B2 E High strength Reaction h ) High spalling ) : Reaction resistance | - caoio Bending Spalling High spalling
High-strength specification shelf I SR ' oY 15mm < R resistance Spalling resistance | qgigtance Spalinsliesistafcol [ resistance resistance resistance resistance
Thin Impregnating Thin Excellent high-temp | Spalling resistance | 0o " qg nghtspalllng Creep resistance Bending resistance (3 LTI High bending
Bending resistance | process characteristics equivalent to N-100 g}ﬁéslvzr;ce resistance resistance
L JALE R 73>, 7151 _ = o
BFS —HER " - BFIRAITL MR s | AR Sommen | RIS _pemam
B 2 RS TL—b 1At LA —figBEREeE For medium/large 2o N o D= Firing setters Gl B TR o a— B3k S IVER A
General purpose Plates General purpose General purpose Genera_l purpose plate For plates, ferrite, and 'cerf:lmic for ce(amic For ordi_nary ceramics S o c/tr onic com;;onents For o_rdina_ry ceramics
E:)e}cg:%nglc components Eﬁ; l?lrg;nary ceramics For ordinary ceramics capacitors for electronics industry fc:rﬁ?é:ltors and For sanitaryware Rer (Lo (iR Setter sagger for irng For tile firing
WTHERIEM B 1150°C, Bb)yFRESR T TN 200 BEH#NOERIENMEL 25 BRERDEBEMEDZE, *Oxidation resistance: Difference in the weight increase ratio in an oxygen-rich environment at 1,150°C after 200 hours and after 25 hours.
MHZR—IVHE © 400 X 350m/m YA X TCT—71&HE L. 2ALTHIELAEBOFREATERE. *Spalling resistance: Kiln set temperature at which rapid cooling causes fracture when loaded with 400 x 350 mm-size workpieces.
MEMR 2 | [Ek - BIR Table of quality characteristics (2) Saggers, setters
E 8 & iR
T 0 HE0O Lvas M/PN LAl
w R & NEWSIC (i fdand - z
c/75 \ C/75CA C/80 MX-800 M/NF-1 M-27 MP-N | MP-SR | MP-DR M/NF-1 \ M/NF-2
o o= Sig&SiC Z{L¥iE4 SiC Bt ESiC LZAb LFAh-a=T 151k LZAb
Si-impregnated SiC Nitride-bonded SiC Oxide-bonded SiC Mullite Mullite-Cordierite Mullite
REFERRE (T) 1350 1550 1550 1500 1400 1400 1400 1350 1350 1350 1400 1400
LR (%) - 16 23 - - - - MgO 6.5 MgO 6.5 MgO 6.5 - -
. 5 2 s 2 s T 40 w 40 T y
si 20 - - - 70 83 88 50 50 50 83 75
W M RESKILE (%) 0 15 8 11 21 24 22 22 25 19 17 17
hytE 3.0 2.7 2.8 2.8 25 25 2.8 2.0 1.9 21 2.8 2.7
i 250 40 =) 35 11 8 ) 10 8 16 11 10
BE (MPa) B(f34E at 1400°C 250
EiREREE _ _ _ — — — — — — — 50 80
HdiER=E (%) at 10001 0.45 0.46 0.45 0.47 0.50 0.50 0.50 0.22 0.22 0.22 0.50 0.50
BAVRHE — 5
IR at 350C (W/ (m-k)) 100.0 17.0 17.0 16.3 2.0 2.0 2.1 15 15 15 2.0 20
M ER{E 14 (B2 (%) ) 01> 05 06 09 _ _ _ _ _ _ _ _
. B AR— 5 S AR — I . . . =R
St %@fﬁ;. )1;" ﬁﬁggg & B B AR -V M ZAR— It o [y i 2K — L
5 E Rt~ Hiah soalling resistance L SR [pisdnE it Rt AR SR RAR— I SN s T B
High-strength R ega ctig e eg stance :igR ﬁpalling resristance High spalling resistance Reaction resistance Reaction resistance Spalling resistance High spalling resistance Reaction resistance Reaction resistance :igﬂ stre|r|1gth
i i " . . i t st it i n : N N . ! K ist
Bending resistance Alkali resistance, wear resistance Hzgh ] M. High strength BendnelesSiance High bending resistance Hzgh oad delormation resistance
*ﬁﬂ‘ﬁﬂiﬁ *ﬁﬁsﬁﬂii E*ﬁg&‘: —ﬂ&‘lﬁﬁ%ﬁﬁﬁ %?I#ﬂ”?l?’”\ _
A g SRR YH— MERYH— s FESX EFIERG — R 2R 21 VIR I AMKAEEEG Ty r—IF
Powder heat treatment Powder heat treatment S + | h Non-ferrous For electronics industry For ordinary ceramics For ordinary ceramics For ferrite and ceramic capacitors for electronics industry
Sagger for powder Sagger for powder upports complex shapes For tile firing Pusher kiln for metallurgical powders
3



mEFER3 | AR

- ¥ § - ER & Table of quality characteristics (3) Thick items, supports, long items

B (MPa)

ERFEE at 1400°C

FEREREE

B3R (%) at 1000°C

IR o fmare at 350°C (W/ (k)

MER{EiE (EEEME(%))

N E & (FavsH) X = & R & (M7, E-4)
Fovar b2k m b zOr Lo T Ay Hha0r zOr Livar M/PN Fyoar ke im b2
/75 /75 c/75 NEWSIC | Re-SIC /75 %
(OP) (N) C/G3S C/G3 C/GH C/GL MX-200 M-1000 (OP) SINSIC C/G3 MX-200 M/NF-1 M-1700 MP-N (OP) (N) SINSIC C/80 C/G3
& Si & SiC LFAR-SIC |  LFAb 21t #&SiC gasic | LIINSIC  LSAh Lot | TS Sk | SIBRSIC | B SIC E{LP#EE SiC & SiC
Nitride-bonded SiC Oxide-bonded SiC Mullite-SiC Mullite Nitride- bonded SiC Oxi de-l;lm ded Sic Mullite-SiC Mullite Mu"ite’_'COZierite Mu"itZ_'CoZierite Si-impregnated SiC | Recrystallized SiC Nitride-bonded SiC Oxide-bonded SiC
1550 1550 1500 1500 1450 1450 1400 1400 1550 1550 1500 1400 1400 1350 1350 1350 1600 1550 1550 1550 1500 1500
78 80 89 89 85 86 21 - 78 74 89 21 - - - 80 99 78 80 74 87 89
16 18 - - - - - - 15 25 - - - MgO 2 MgO 6.5 - - 16 18 25 - -
5 1 9 9 12 12 18 27 5 — 9 18 16 30 40 - 1 5 1 - 12 9
- - 1 1 2 1 60 72 - - 1 60 83 67 50 Si 20 - - - - — -
8 17 10 11 12 15 19 18 7 10 11 19 21 21 22 0 17 8 17 10 11 10
2.7 2.6 2.8 2.7 2.7 2.7 2.6 2.6 2.8 2.8 2.8 2.6 2.6 2.4 2.0 3.0 2.7 2.7 2.6 2.8 2.7 2.7
55 35 35 35 30 35 14 15 55 200 28 14 20 9 10 250 100 55 40 180 37 25
55 40 50 50 35 20 8 13 60 200 30 8 - 4 8 250 100 60 40 180 50 40
(1200°C) (13007C)
260 185 120 120 100 150 100 90 260 - 120 100 90 80 70 - - - - - -
0.47 0.46 0.47 0.47 0.48 0.48 0.52 0.50 0.47 0.47 0.48 0.50 0.50 0.49 0.22 0.45 0.45 0.47 0.46 0.47 0.47 0.47
16.3 16.3 16.3 16.3 156.7 15.7 9.3 1.9 16.3 30.0 15.7 9.3 2.0 1.9 1.5 100.0 28.0 16.3 16.3 30.0 17.0 17.0
0.7 1.0 1.5 2.0 22 1.7 0.1 - 0.6 0.1 1.3 0.1 - - - 0.1> 0.1 0.5 0.7 0.1 0.9 2.0
per N i % Z i TL=Xe17  TH R &M
TR EEFENE i = A e o TEAFRR =g :
ke i N . = =5 op = =) HAR—IVE |
BHIE MR e JL-xsqy BEER BERAGE | JEREt 7 S B LR /) maw DAL FHEEED o L2 LA
mmanoue BPISES RS g 0 BERE EWR  RETODE  FEIEVE | e BIERE | i Ltierescoel | AR A A mro | SRR mnie SRR BRI 5
W_ear [eSiSianee Oxidation Low porosity Glazed type High corrosion | High electrical Adhesiveness deformation fliel) strength & General syvelhng‘ N Compact General el H|gh-§ trength specification General W_enablll_ty High strength | resistance Gl
HiEnStenET) resistance type Wear resistance and thermal Dimensional stability | resistance strength thin purpose [ty shapos purpose L Bending Impregnating | P75 with non & thin Oxidation [0
nghtspalllng Resistance to resistance High wear conductivity Toughness at high SElling resistance process ferrous metals resistance Glazed type
eSS iancel molten aluminum resistance Little swelling temperatures
RATOyY ﬂtéiﬁ;/ﬁgﬁ' WELLS
= in U HEEF
THIFA _ B A * R i i _
ikt EBE  DwmE wmuy IO xeno BAERE ~ o p. T O . REE. WEE ‘ _ e
Cemeret UL ﬁﬂﬁ = gt:anda)r:;i bricks Nl Srti?:rl:(s’ard HRE) Fatdas E—L R ke T 2 a1 Forordinary | E—4 E-L t_g_-;-l_j\ e Z‘lﬁﬁ I 1%;—.*;%’" e
pubcco ks oo L S i SO0 Micolnoos Baten |Smvmyime | Sopots | Sutmaro Ges | Santawero Sananwaro [commos (Beams  Beemo | POSCELE fmedROEN savamuare
kilns Lining material | Shelf bars Bearing rods Ychaiit:ration Skid rails E?r!lll(rjw; a7 eIl legs eramics Sg’: ni s eramics Ti?ézmlcs T"eerzmlcs S;) nitaryware Heater tubes, mixing rods SIamcs
Lining material For industrial Muffle material e e
kilns furnaces
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XHERMEME - BEE1150°C, BLY v FREST TO 200 BM#ENEREMNE & 25 BEZRDERIEMERDE,

BERRRETH). RIAETIHDOTRHNEEA,

HHEE, RRBOMK - RERFICSWREIBEIBUET,
B3R, RE40~130mBBENTFI FE-ZIZL B,
EfEEE . [130~165m° BENTA FE—XIZL B,

HEAEE - 58 ARR—BITH.

ZIERRIC

BHOBEFEEHBICSWTHSICFFE S h, 148

MR BLURLMEEIEBLS L,

*Oxidation resistance: Difference in the weight increase ratio in an oxygen-rich environment at 1,150°C after 200 hours and after 25 hours.
The figures are representative, and may differ in specific applications.
Characteristic values may vary depending on the product shape and production conditions.
Bending strength is based on a test piece with length approximately 40 — 130 mm.
Compressive strength is based on a square test piece approximately 30 — 65 mm3 in size.
The product characteristics, features, and applications shown here are examples. Your company is responsible for fully evaluating and judging the performance, effects, and safety prior to product use.
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