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Development of an O/W Emulsion with High Viscosity
and Fine Droplet Size in Cold Rolling of Stainless Steels

Yukio Knicra, Sadakazu Masupa, Ryuichi Y aci, Masaru Mivake, Yutaka Miuara, Tkuo Mort and Masayuki Y amakawa

Synopsis : Due to high productivity of tandem cold rolling mills, it is beneficial to produce not only mild steels but stainless steels

by using the process, instead of conventional reverse rolling mills with smaller diameter of work rolls. Requirements
to lubricant in order to realize the process are conflicting, which one side oil film thickness is required to be reduced
to provide brightness of products, beside too thin film causes seizure and heat stratch.

In this study, an O/W emulsion is designed and developed to contend with these conflicting requirements. In order
to make oil film thickness at inlet zone of roll bite be thinner, the droplet size is reduced down to about 1um. Also,
kinematic viscosity of base oil is increased up to 320mm?/s, which makes the film stronger and prevent heat stratch,
even if the film thickness is reduced. Through laboratory tests and cold rolling tests using a production mill, the
superiority of this type of lubricant is clarified and good surface brightness of SUS430 can be obtained with large

diameter of work rolls in high speed rolling conditions.

Key words : cold rolling ; lubricant ; emulsion ; surface glossiness ; heat stratch ; viscosity ; oil droplet size : stainless steel.
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Fig. 1. Calculation of inlet oil film thickness of
emulsions.
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Fig. 2. Schematic representation of the effects of
viscosity and EP additives on film strength.
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Table 1. Composite of test oils to evaluate emul-

sifiers.
Test | Test | Test | Test
Oill | Oil2 | Oil3 | Oil4
PET/TMP ester 85.4% | 85.9% | 88.9% | 89.9%
EP additive 1.0 1.0 1.0 1.0
(Phosphoric)
Oilness Improver 5.0 5.0 5.0 5.0
Anti-Oxidant 0.1 0.1 0.1 0.1
Polyoxyethylene 2.5 2.5 2.5 2.5
(4mole) Nonyl Phenol
Polyoxyethylene - 2.5 1.5 1.5
(15mole) Nonyl Phenol
Triethanolamine 2.0 - - -
Polyethylenglycol 3.0 2.0 - -
(600) dioleate
Cocount Fatty Acid 1.0 - - -
Diethanolamide
Origomeric - 1.0 1.0 -
Surfactant(Nonionic)

PET : Penta-erythritol TMP : Trimethyrol-propane
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Fig. 3. Stability of test emulsions.

Table 2. Properties of test oils.

Kinematic

Test Base oil Acid | Sap. | Mean
Oil Viscosity |Value[Value|Droplet
(mm?/s, Size
@40%C) (um)
A |PET/TMP ester 320 24 | 162 1.1
B |PET/TMP ester 264 24 | 162 1.4
C |PET/TMP ester 264 24 | 170 2.5
D |PET/TMP ester 264 24 | 172 4.6
E |PET/TMP ester 195 25 | 162 3.1
F PET/TMP 119 24 | 160 2.0
/NPG ester
G PET/TMP 119 24 | 160 2.4
/NPG ester

NPG : Neopentyl glycol
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Fig. 4. Dependence of surface glossiness on viscos-
ity and oil droplet size.

600
sl /A A A A
8= 400 .
go i Rotation | & s ]
o & 300 3000rpm ]
o
58+ ]
2% 200} N
g'g 3 Rotation
S & 100 5000rpm .

ol o0 v v v
0] 100 200 300 400

Kinematic Viscosity at 40°C (mm’/s)

Fig. 5. Load bearing capacity in four-ball tests.

Table 3. Evaluation of heat scratch in coil rolling

tests.

Pass No.| 1 2 3 4 5
A 1010 [O] O
B O A JAN JAN A
E A JAN JAN JAN A
F A A A A A

O :No heat scrath observed
A :Partially observed along edges
X :Heat scratch observed on surface
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Table 4. R(_)lllling conditions in tandem cold rolling
mill.

Rolling mill Tandem mill
/ Number of stand /5 stand
Work roll diameter (mm) ¢ 540~575
Test material SUS430
Thickness of mother 3.0/0.75

/ finished strip (mm)

Surface roughness #1-3STD: 0.5~1.0,

of work rolls Ra (1 m) #4-55TD: 0.07
Surface roughness 0.27

of mother strip Ra (¢ m)
Coolant system Recirculation
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Fig. 6. Limiting rolling speed due to heat scratch.
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cold rolling at maximum speed over which
heat scratch occured.
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