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Development of a Cold Rolling Oil
with Lubricity and Mill Cleanness Property
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Department of Mechanical Engineering, Hanyang University
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Abstract—The purpose of this study is to develop a cold rolling oil with lubricity and mill clean-
ness property under the rolling conditions of high reduction ratio and high rolling speed. Six kinds
of oil samples were blended. Evaluation of lubricity and anti-seizure property of the samples were
carried out with a laboratory scale rolling mill, where the contact conditions between work roll and
strip are very close to actual cold rolling mill. Laboratory evaluation for dispersion, contamination,
anti-oil stain property and residual carbon, etc. were carried out with several testers such as long-
term circulation tester, Coulter counter and Conradson tester. A new high speed cold rolling oil with
good lubricity and mill cleanness property was developed compared with the previously developed
rolling oil.

Key words—added carbon content, £ monophase, polyphase, delamination.
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Table 1. The specification of a laboratory scale mill
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Mill Type

Max. Rolling Force
Max. Tension

Max. Rolling Speed
Work Roll Dia.
Work Roll Barrel

4 Hi Reverse Mill
2.94 MN

39200 N

200 mpm

100 mm, 200 mm
470 mm

Coil Specification

-Inside Dia. 508.6 mm

-Max. Outside Dia. 1250 mm

-Max. Coil Weight 19600 N

-Max. Strip Width 350 mm

-Max. Strip Thickness 5 mm
Lubrication System

-Type Recirculation

- Tank Capacity

-Max. Spray Capacity

- Temperature

-Speed of Revolution of Agitator

3000 liters
250 liters/min
30-60°C
1800 rpm
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Table 2. The compositions of test oils

Test Oils SE-0 SE-1 SE-2 SE-3 SE-4 SE-5 SE-6 Remarks
Tallow 61.9
Palm 42 49.6 57.7 29.6 244 25.0
Hindered (A) 19 20 20 20 20 20 20
TMP (B) 20
(9 27.3
» (D) 26.7
» (E) 263
Nonion Emulsiffier 4.8 24 35 32 4.5 44 32
Cation Emulsiffier 2.9 0.7 1.3
High polymer dispersant 3.5 2 2 2
Anti-oxidant (F) 0.9 0.5 1.5 1.4 14 0.7 Phenol type
" (G) 0.5 29 03 0.7 0.7 0.7 Sulfur type
Fatty acid(long chain) 4.8 2 2 2 2 2 2
Poly fatty acid 3 3 3 3 3 3
E.P. Additive (H) 0.9 0.5 23 0.5 1.4 1.3 13 P-type
" 1)) 1 0.7 0.7 0.7 0.7 0.7 P-type
’ J) 7.7 8.1 8.1 8 2.7 10.7 10.5 S-type
" (K) 4.6 S,P-type
" (L) 4 1.3 2.6 S-type
Rust prevent agent (L) 0.7 0.4 0.4
’ M) 03 03

*P-type and S-type indicate phosphorous type and sulfur type, respectively.

2l WA A 255 A s 7 A5y FR Y § 24 718 A4S Table 29} 3o Vbl g
ol W odskg xalEly] flEhed 2" AR L] 1 ©hA|9] A|& - SE-1, 2 18] 1 32 v af-2] &3
% 652 A¥RFE At oy A F A2t gk g W a2t AAE FAEEA v)ete] F UledAl,
Table 3. The basic properties of test oils
Test Oils SE-0 SE-1 SE-2 SE-3 SE-4 SE-5 SE-6 Remarks
Viscosity 13 4 46 42 38 43 44
(50°C, cSt) ; ) i
SV (KOH mg/g) 195 203 202 195 205 205 205  Saponification Value
AV (KOH mg/g) 16 17 18 15 15 15 15 Acidity Value
5000 rpm X 10 mi
ESI-30* 87 7% 76 72 68 69 79 tpm = 1Y min
stop after 30 min.
Specific gravity ) o 0.9 0.89 0.89 0.89 0.89 0.9
(50°C) _ ) . . . ) .
Emulsion size 9.2 10.8 10.8 11 114 12.1 9.7 5000 rpm X 10 min
Pour point ("C) 5 85 9 5 55 6 5
pH (5 wt%) 47 35 42 4 3.7 38 39
Extreme pressure 130 160 160 160 200 160 160
property (Ib) 200 250 250 315 250 250 250)
*ESI: Emulsion Stability Index
. 27 $E -30% AHF I Bl
ESI-30 = e B ;Lf 2 (%)
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Fig. 2. The injection angle of rolling oil for (a) lubricity
estimation (b) anti-seizure estimation.
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Table 5. The results of anti-seizure property evalunation

Test Rolling Speed (mpm) Test Rolling Speed (mpm)

Oils 40 50 60 70 80 Oils 40 50 60 70

SE-0 —O C . o —— @ SE0 — OO ——@®

SE-1 —— O (O — (O 8 e — @ SE4 — O (. —— @ -
SE2 - O——O— 0 ——— @@ SE-5 ——O———iD— e — @ —— — @ ——
SE-3 — O (O ¢ e i@ @~ SE-6 O (e o 8 e (@ ——— @ —

O Heat scratch not occurred » @ @ Heat scratch occurred

(O Heat scratch not occurred + @@ Heat scratch occurred
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Table 6. The experimental results for dispersion, con-
tamination and demulsibility of test oils

Test Oils  SE-0 SE-1 SE-2 SE-3 SE-4 SE-5 SE-6

Dispersion X VAN o o O .
Contamination O O © O O © o
Demulsibility AN D A O O 0O

*O—0O—N0H—X
better <------- > worse

SE-13} 3oi|4] v)¢-
@i, o]l ﬂ} R

4-3. AEOEM, LHQYUAHICIM U AFM TT}

i

4 e A4 aelw
ghaed) Soll gk 235 Table 7ol viepvisict. 4b
sebdAl e BHAst sllsAle] AbshiR Al E
L RIS 60] efg ek ERE hehge
. wAeh slEAle) AbsbyR A S chababgd SE-
29} 7 ALSPUA Al S DEALER SES o4 tha

o2l Az vhehdiich. utebd ksl el g
Ao el @A) slEAle) Absha) A & Egat
s A A eks AFslE 7o) E3HA 7195 & =+

ot Cinty

93

0

Mo AHLE e Qulatlel WA 25E E8T
SES} 6ol v e E3E we 0w WEALE

§ SE-doll 4] o5, A8 AMgelA e SE, 2 22

Table 7. The experimental results for oxidation stability,
rust prevent property and residual carbon of test oils

Test Oils SE-0 SE-1 SE-2 SE-3 SE-4 SE-5SE-6

Oxidation

stability

property C © FAN AN © O O
Rust prevent

property N O-N0-00-0 O O ©
Residual

cartbon (%) 028 020 0.28 030 0.16 0.18 0.15

*O—O—N—X
better <------- > worse
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