406 & ¢ @

% 76 £ (1990) % 3 F

v 70— VO L

fige™® - fHACIEA™ - O =3k*2

Characteristics of Sialon Ceramic Roll and Its Performance
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Synopsis :

Steel rolls have been predominantly adopted for cold rolling of thin strip.

approaching the limit of rolling performance.

They, however, appear to be

To provide rolls with performance levels that steel can never attain, the use of ceramics has been studied, because
ceramics generally possess higher hardness, larger Young’s modulus than those of steel and a nonadhesion property

to rolled strip, eic.

In this work, sialon ceramic was selected and its characteristics and performance in cold rolling were examined.

Results obtained were as follows :

(1) The rolling fatigue strength was higher than 2.8 GPa.

(2) 25% thinner gage under 9% lighter load was obtained in rolling mild steel.
(3) 30% glossier rolled surface was obtained in rolling stainless steel.
Key words : ceramics ; sialon ; rolling mill rolls ; cold rolling ; rolling load ; wear resistance ; collapse strength ; roll-

ing fatigue strength.
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Table 1. Comparative properties of typical engineering ceramics.
Materials
Items Unit Remarks
AlyO3 ZrO,y SiC SigNy Sialon
Specific gravity — 3.9 6.0 3.1 3.2 3.2
Vickers hardness GPa 16 12 24 16 18
Flexural strength MPa 390 1150 570 740 920 R. T. 3 point bending
Fracture toughness MPay/m 3.7 8.5 4.3 5.9 6.7
Young's modulus GPa 360 210 410 290 300
Poisson’s ratio — 0.21 0.33 0.16 0.26 0.25
Thermal expansion coefficient x1078/°C . 7.9 9.5 4.2 3.2 3.0 R.T.~1000°C
Thermal shock resistance °’C 210 310 450 700 710 Water quench : AT
Adhesion to metal — Easy Easy Easy Hard Hard In general
Degree of sintering — Good Good Bad Fair Good ditto
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500°C in air

1750°C in nitrogen gas

Grinding and polishing

Fig. 1. Production process of sialon ceramic roll.
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Fig. 2. Shape and dimension of test and mate
rings in rolling fatigue test.

Table 2. Condition of rolling fatigue test.
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Fig. 4. Shape and dimension of test roll.
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Fig. 5. Collapse strength of several materials.
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Fig. 6. Weibull plots of 4-point flexural strength
of sintered sialon ceramics.

ZERINTT— 20— VIHEHT AR RIEMITI L 2.2
GPa LT THAHDT, JTLu— & LTHEHTES L
DEEZOLND.

(3) i T

A TOrO 4 EMTREES T A4 TVEEERKIC ST
b LZ2#ER % Fig 6 1SR T. 22 KOBKBRH TORSHE
& 792 MPa, H{KfE & 516 MPa T, “F3hiFsamg
704 MPa TH 5. £/, 74 7TV EREEERDBE 9.5
Ly, HITHE, 74 TAMBRKELAF—LET— LD
SHTOIBRETHS. #-T, 470 ra— Vi
WHONE L EEIN~OBEIEE L.
4-2 BRMOEE

B 0.4 mm, HIE 28 mm DKW (SPCC #) % /F
T & 0.02mm THIEHA SN 2D ETHDIE
LIEEEL, IETEEREMREMNEOBR L KD 7.
ZOHER % Fig. 7 IZR$. ETEI/DNEVWFHIRTIE I
VO RBNT EORIEDG /NS Wiz, ET R HRE
DFLHNE . §lEHE, ETEsHLTW L, B
TRAZHH L THRE AT 525, BICETEXIELT
LWENT & A LEAET, FICIWERD TSN
K %%, ZOMRFPNTIETRE R RAME LI TV 5
bOT, ¥4 70T —VEMEALZEEICIE 15 um,
BT — T 20um £ %Y, A TR O— VR
AT A2 &IE), o — LV CTOREMEICHEL T
25% B/ ON, T2, B—ETECHTHELE
ME, YA T7ura— Ve EH LS, e
O — L TR 9% KT L7,

0.4 120
E _ —|Bearing steel roll|—
Eosf {152
@ =
17}
‘{1:) <= == -(%
5 S
= 0.2 410 o
oy £
Q =
= ]
&n o

0.1+ =5

"~ {Bialon ceramic roll
0 0

0 02 04 06 08 10
Apparent reduction (mm)

Fig. 7. Strip thickness and rolling load obtained
under repeated rolling of mild steel with ceramic
and steel rolls.

Table 3. Rolling load experienced under sche-
duled rolling of stainless steel with ceramic and
steel rolls.

Pass number 0 1 2 3 4 5

Thickness (mm) 0.60 0.45 0.35 0.28 0.23 0.195

Rolling Sialon ceramics| — 24.9 27.5 27.2 25.3 22.7
load
(kN) Die steel — 25.8 29.8 30.0 27.6 27.9
0 (Note)
L : Rolling direction
T : Traverse direction
60F
)
3 7z
PO
T
0
8
s 4o
30
Measured
direction L T
Roll Sialon ceramics Die steel

Fig. 8. Gloss rate of stainless steel rolled with
ceramic and steel rolls.
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Table 4. Effect of Young’s modulus and friction
coefficient of rolls on minimum gage of rolled mate-

rial.
Property of roll Minimum gage : h min
Rolled Yound's Estimated u/E E;Kep:trail_ Estimated
material Material modulfs : fricftfi.on (KX107% data (;r(allge_a
E (GPa)| 5% 36& mm) | (X103 m)
; mm)
Sialon . -
Mild ceramics 310 0.076 24.5 15
steel | BeATinE | 510 | 0.069 | 32.9 20 —
Sialon | 435 | 972 | 23.2 — 22.8
Stainless cersmlcs
steel stoel 220 0.075 34.1 — 33.4
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Table 5. Surface roughness of sialon ceramic and
die steel rolls.
Surface roughness ( pm)
Rolt Maximum height : Center line average Rpar/ R,
max height H Ra
Sia]qn 0.22 0.026 8.5
ceramics 0.34 0.042 8_1
Die 0.20 0.054 3.7
steel 0.30 0.076 3.9
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Fig. 9.

Relation between surface roughness and gloss rate of stainless steel rolled with ceramic and steel rolls.
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