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Effects of Overbased Organic Metal Salts on Lubricity in Hot Working

Kunio Goron, Takashi Suisanara and Kowuichi T AkEucHi

Synopsis

: A new method to present a lubricating composition which can effectively prevent seizure during hot rolling of stainless

steels is proposed: both “the Principles of Hard and Soft Acids and Bases” for improving chemisorption force and “the

super fine particles” for decreasing metal/metal contacts. The degree of seizure and coefficient of friction of mineral
oil based organic metal salts lithium grease based graphite, conventional hot-rolling oil are estimated by disc-block type
friction test at elevated temperature. Effects of lubricants on roll oxide film are investigated by model hot rolling mill.
Chemical reactivity of lubricants for a fresh and oxide surface is investigated by XPS.

The results obtained are as follows; (1) A lubricating composition included overbased metal sulfonates was
effective for preventing seizure by action of a large quantity of calcium carbonate (average particle diameter <100A)
in hot metalworking. (2 )Calcium sulfonates have the highest lubricity among the alkaline earth salts of the sulfonic
acid having the same base number and a higher base number is better. (3)It is made clear that the overbased Calcium
sulfonates change FeO into FeO-CaO on steels in rolling bite,and prevent roll oxide film from growing up.

Key words : lubrication ; hot rolling ; seizure ; stainless steel : scale modification : roll oxide film.
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Table 1. Composition of the used lubricants.

No. Type Base number Content Others
(mgKOH/g) (wt%)

1 Ca sulfonate 22 40

2 Ca sulfonate 100 40

3 Ca sulfonate 250 40

4 Ca sulfonate 400 40 Mineral

5 Ca sulfonate 250 20 oil

6 Ca sulfonate 250 60

7 Ca sulfonate 400 20

8 Ca sulfonate 400 60

9 Ba sulfonate 70 40
10 Mg sulfonate 400 40
11 Ca phenate 250 40
12 Commercially available hot rolling oil (synthetic esters base)
j3 | Grophite ) 10 Li grease

(particle diameter:3 1t m)
High frequency induced heating
\*O.lm/s
980N
% y‘///’ ;/ Roll
27,7, -
W \J ( ¢ 100mm X 30mm)
Ferritic stainless steel
(10mm X 20mm X 80mm) Lubricant

Fig. 1. Schematic diagram of the friction test at
elevated temperature. The degree of seizure
is estimated by the area ratio of stainless
steel transfered on roll surface after 30 sec-
onds.

Table 2. Chemical compositions (wt%) of roll
materials.
C c M v W Hardness
Ve (HxC)
High speed steel | 2.0 4.0 29 4.1 4.0 60
Hi-Cr cast iron 2.8 175 1.2 - - 55
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Table 3. Experimental conditions of the model hot
rolling test.

Reduction 30 %

Rolling temperature 950 C

Rolling speed 150 m/min.

Strip SPCC, 1'mmX40"mmX 700'm

‘Work/Back up roll

100 200 X 3001
diameter & barrel length & 100mm/ & 200mm mm

Back up roll

Scraper

) |

100mm

Fig. 2. Schematic diagram of the modle rolling test.
Oxide behavior of different roll materials
can be evaluated simultaneously.
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Fig. 3. Effects of base number of organic metal
salts on seizure resistance.

S

= 80

& Roll material : High speed steel

E " Ca sulfonates 7
2 60 —
g L .
=

s 40 | 250 mgKOH/g ]
b

2 L 4
'3 20 | 400 mgKOH/g _
o

)

2 i ]
£ 0 ] N .

]

4 0 20 40 60

<

Content of organic metal salts (wt%)

&
7
=N

. Effects of content of organic metal salts on
seizure resistance.




BEAT SRR, RICERR, HEETH LT = 4 —

ME b b ALFRA—PDOHDE G, F, BBEOBEL
LTiZ, BaeMgd b 6 CaD hFn sk w2 b P L
720 B G, HEEMATEHCE BT SRR L Hm LB
i H 2, EEBEOHRE IO TIL, ¥WiNT 513 EHeft
SHIBIRIRIEE (e B, 12701, 400mgKOH /gD & 121k
#140wt %, RN 250mgKOH /gD 35 A 213 HI160wt %6 TEhAL
PR aEm P RT. 2% 9, WAEYEC LY, bL
CEAABRTECEM SR RET D EF LN
B, UL O EREES D OB 3 Bk WA b L TIRAM
400mgKOH/gDCa A v H— b 2140wt % & F 7 5 T Al
PRARBE LTEE LI

Z 2T, BA%MIEA (No. 4) & HEkiEiEHI (No.12, 13) &
D% T 2 700, BEfE 3wk LB TEO
PEIEARI E OBMR 2B U 7o R 2 Fig. 5 (R T BHARENE
i L BERBEREIER OBEEEAELL, BERICv~VvTH
B2 b b 6T S BRI BFARBEFER O E e
b a, —F, —EHROBMIEERTIL, B
WESCRAEL, BEERLE L5,

n— VB E LTI, 4 ZADOEHECrEFsk L b b Bl
SPHEISNTOS, 2O LD LBARMEBRAL AN R L
PHFAT A EILL 03 IEmUBT SHIRIRIR £G4 2
LT EALDEFE L LB,

42 BEBHOBROICEEREMSE

FEERBOGEHEE LB LR D 61332 Ca L SOTFED
fEsR sl HHRENER 2 A L 2B S kR
(LB FEAE L 1cCa, SER I L 122 Fig. 6 (R T,

SBT3 5CaDRERE, HENo. 1) LY &
BN (No. 4) Dl H 2w, SORFRIL, FRoBF £
Honlh o1, —F, BAUWE L 31 5 CaDiRIERIZ,
SIBFAEE b AR C SRR (No. 4) THRC Z 2 5 1295, S
DERERCOCTIRER - 12,

SR RECar v R A— M EEA LICTEE A (No. 4) 2 1EH
LBt p i # Ca2p 2R 2 b vardlr LICHE B, CaCO,

2 0.6 O : High Cr cast iron
£ 7°T @ : High speed steel No.12 .
(%)
. B e i
& / o
S 04} L ]
.g - No.d No.13 n
o —
%02—/u\o / o |
© Le ° ]

oLl . | . 1 L ] A

0 20 40 60 80

Area ratio of seizure on roll surface(%)

Fig. 5. Relationship between coefficient of friction
and area ratio of seizure on roll surface.
High Cr cast iron and High speed steel as
roll material are used.
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Fig. 6. Atomic concentration of Ca and S elements
in fresh and oxide surface by XPS analysis.
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Fig. 7. XPS Ca 2p spectra of the steel plate surface
before and after hot-rolling. The peak posi-
tion in the binding energy of Ca 2p for the
steel plate shifts toward the lower energy
side due to hot rolling.

Table 4. Thickness of roll oxide films{(xm).

. High speed steel High Cr
Lubricant No.
1.5%C 2.0%C cast iron
4 1.0 1.8 3.1
12 3.6 4.6 6.5
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Fig. 8. The experimental results can be explained
by the principle of “Hard and Soft Acids and
bases”. Chemical bonded intensity of between
Hard Acid(Oxide surface) and Hard Base
(Ca sulfonate) is higher than one of between
Soft Acid{fresh surface) and Hard Base(Ca
sulfonate).
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CaO by using the overbased Ca sulfonate(No.4 lubricant).
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