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Formation of Smudges and Iron Oxide Film in the Course of Cold Rolling

Masao KoMmal, Satoshi FUKUYAMA, Taizo SATO, and Satoshi IKETAKA

Synopsis :

The effects of the cold rolling conditions on the amount of smudge has been investigated. The smudge
formed on the edge of cold rolled steel sheet surface causes the dewetting of tin plate since it can not be re-
moved by the conventional electrolytic cleaning. It is estimated that the smudge consists of iron powders
and iron oxide powders, and it deteriorates palm oil. Inhomogeneous distributions of the smudge and
the iron oxide film are observed in the strip width. The amount of smudge at the edge of the strip is more
than twice as much as that at the center.

The results suggests that the cold rolling conditions significantly affect the amount of smudge and the

iron oxide film thickness on the surface of cold rolled stcel sheet.
. The amount of smudge and oxide film thickness increase with the increase of rolling speed and the re—
duction at the final stand (stand No. 5), but are reduced by supplying the more oil at the final stand.
Furthermore, the calculated temperature of the strip at the exit of roll bite suggests that the amount of
smudge and oxide film thickness depends on the temperature. It is revealed that the amount of smudge
and the iron oxide film thickness are reduced by adding the antioxidant additive to the rolling oil.

1. & B
S0 XEE, BEEE, Mo, SEEE BRE
¥, BEgL (FRBlpist, Efbesl), AEEER X UREAL
BMIEYETHEIh TV,

S XOEERLEMho—o, EKEME, XR1EDD
ﬁ,ﬁ%,%%&®%%%%mﬁm%%@%%6t“u
LE7 R IBEE R, RRARPFBEL, KEHE
LT\, TR UEORERRAE LT, Bl
SiFET Oy C L BERTHS &0 #HihErH
VR L, EESIZ, RUEERFMC@BirLiL
5, WM BERT B LE (Frosty) Llstic,
HEEESE ORFEERFARCER T2 0 E (Dew-
etting) Ap5H EXHRE L. CIHHICIBXLED
B4, Photo. L ZiRT X 5 iii= o U0 L PHICRE
HT 58, BEOBHIN=» v 2>TH T mm D
IRCHEfE LTRHRETLEREVED S, AFETIE, Dew-
etting DFEA L E 2 Hhb, WHEIEESOMBRRERE
Mt XIiET GIEEES Y o HEr oW T RBx Rk
L, AHEEREOMBRERAHELHEL, SbKA=y

v (BEMREROREMGTHN) OREBIAIEEL, £
DOXERE & 7o 5 A B L OMEFHFEE Ot B L 2 E i
oW TR L.

2. A B K E

AERT R s v CEBEMIR TS, No. 2 =2 -2 F
g/FAIN (SAxVY)), ERERES7 A (A
I3 No. 2-ECL) T\, WIEH OMREEEEMEC
B X IETHMEESGEOE#ELFHE L, R ESCA,
P T HRM S A F\ T ESR AR R T A B DB ES A 1T
fz. Table. 1 BEEESGER LIS DT, i
AT 18y == a vDAA— sk FERAL, WEE
MEEE A 3 k¥, ®E (No. 5) Ax v FETERE 2K
B, EEA R v VSR Y 2 KL I e .

4 TS O B RE & LT, RS
SA vHEDA<, SHE, B LOBHELESEOMIKER
BRERALIEIE 2, {5 80 B, BIEE % WIZE L7c. Photo. 2
3RS 4 v ik \ T R O R i E R
(B sg) »—ERR (10s ), —ERE (560g/cm?)
THLHTC, MEMAE LA~y 2 EHREROR

WE#n 55 £ 7 B 25 HEff (Received July 25, 1980)
* EEEMR () T TS (B B R BIEER) (Kudamatsu Warks, Now Technical Research
Laboratory, Toyo Kohan Co., Ltd., 1296-1 Nagahama Higashitoyoi Kudamatsu 744)

— 107 —



s 67 4 (1981) 35105

1764 # &
i
8
=
8
= —
=1
8
g
o
z
3|9
- =]
3| 8
2 |=n
st
S . '
b Srutge “BCmm
Photo. 1. Surface defects of tin plate.
Table 1. Experimental conditions (changes of
cold rolling conditions).
Steel Si-Killed—CC
Rolling Speed
Cold 500,1000.1500 mpm
(F:zo”dlntg‘on Reduction of No.5 stand
onditi 30.40
Quantity of supplied oil
(No.5 stand)
normal, 50% up
Rolling oil Palm oil , 15 % emuision
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Photo. 2. Smudge test.(10 grade for estimation)
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where N : Atomic fraction

A : EMHective escape depth , nm

| © Integrated intensity 3

No: Avogadro's number , 6 x10

B Photoionization cross-section

gt Constant

| Thickness of coptaminant layer , nm

t © Thickness of oxide layer , nm
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gchematic illustratfon of specimen

Fig. 1. Calculation of oxide film thickness.
Table 2. Experimental conditions (change of
ESI and adding the antioxidant additive to the
rolling oils).

ES) Change Test Antioxaant Test
Material | AD-Killeq CC Si-Killed CC
Size«m ] 20x 727> 0.32 20 x 790 = 0.20
Fopess® | 1600,1800,2000mpm | 1600, 1800 mpm
Reduction Rit)4 307
Ralling | patm o1 paim Ol
oil 15% Emulsion 13 X Emulsion
ESI EP Agent +
Antioxjcant Emuﬁl!ier Antioxdant: Amin‘ Group

1% 05%

b, HHEEEROBICRAFHEIL, EERO
HREEGOEENE L bh’b. Table. 2 XA LLEY:
(Emulsion Stability Index) ZERERE -2 — Afhi~D
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A : Smudge, B: Edge (Cold rolled sheet surface), C: Center (Cold rolled sheet surface)
Photo. 3. Micrographs of the surface of cold rolled strip and smudge by TEM.

7 3 vREBEHEFENRREEE R L 0T, BiE
FEFL#% OSBRI B 2 AR RE L.

Table 3. Analysis of cold rolled steel sheet

3. 8]

3.1 SREEREORREEEE

BREEEE OMEmFBESEIEER TRy, iR
=y S cm DIFCTHEEE L TEBDOTHER (A<, )8

surface.
Edge Center
Smuydge  [Strip surface Smudge  |Strip surface
TEM Fes0. Fes0a —
Carbony! carbonyy
ESCA radical Fes04 radical | FesOs
( much) (graln)

F43%. Photo. 3 I EEOHFEEHESY TEM (hhiH
VY AER) THAELALDLOT, Mifk=y vDA~< , 2
— 109 —




1766 % X W i 67 4 (1981) 5102
8 T 6 .
180 S1-Killed-CC Si-Killed-CC
; b Si-Killed-CC 7 £dge 7 Edge
- : Y s 6 .
ol Rolling Speed 2000 "u % %» ) o
w S 5
& o 5 B 10 /
5 T 4 s 4r —t— 00 ow ]
E g0 2 o0,
AY 3 2 3 o
E Q # B
i o) [C] ] o o
N 2 oo o0 2 f——o0"0—
g <o ) 0w
& 50 + =0 O O— 1 [cerNe) 1 [<]
4 /]
o €0 80 100 0 30 60 [
e Film Thi A Quantities of Iron Powder ( Mg/ m' )
0 50 100 150 200 250 300 350 400 Odde Fim Thickness (A

Distance from strip edge mm)

Fig. 2. Distribution of oxide film thickness,
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Fig. 3. The effect of cold rolling conditions on
the surface characteristics of the cold rolled steel
sheet.
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Fig. 4. Influence of the oxide film thickness and
the quantity of iron powder on the grade No. of
smudge.

& 120 T _140 I
=% | Roling Speed < | ®
;3 1600 mpm | @ \. /
§ Ego } 0~ £100 \ {Edge _|
2 ol £ | Roling Speed
£z o*" | E 1600 mpm
5 v4°_(:emer"_ o0 o 60 ] —
23 £ O~ oo~
g8 Al-Killed-cC 3 Al-Killed-CC l Center
é 'g P | " N ] ff—t | ‘ .

) 05 07 09 ) 05 o7 09

E S ES |

Tig. 5. Influence of ESI on the quantity of iron
powder and the oxide film thickness.(on the cold
rolled sheet)
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Fig. 6. The effects of adding antioxidant to palm
oil on the grade No. of smudge and oxide film
thickness.
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Fig. 7. Schematic illustration of cold rolled steel
sheet surface.
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Fig. 8. The oxide film.thickness after continuous
pickling and cold rolling.
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1.Rise in Temperature by Plastic Working: aTm

aTm = K- €

J-PCs
€ = In(hisho)
2.Rise in Temperature by Friction Work : a T
aTmwi = M

J-P-Cs:h-U
3.cooling Equation (Newtors Law)

Tntisn = T+ (Te-Tourtcir) eXp(~2a-t/P-Csho)
t = X/Vo

4 Strip Temperature on the Exit of Stand

Tt = Tin<+ aTm + aThi

Fig. 10. Qalculation of strip temperature.
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Table 4. Nomenclature (Calculation of strip

temperature).
Nomenclature
Kt: Flow stress Tinti41y: Temperature(ti+1ystd)
J : Mechanical equivalent T (iy: {1 std)
ot heat Te : Coolant Temperature
£ : Density d : Thermal conductivety
Cs: Specitic heat X : Distance
hi: Thickness (inlet} Vi . Strip speed (inlet)
ho: = (outlet) Vo : . {outlet)
U :Rolling speed V : Roll speed
h : Thickness (avr) Vs : Slipping speed
tm: Tension L' : Length of arc of
Pn: Rolling pressure contact
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Fig. 11. The effect of strip temperature at the
exit of No. 5 stand on the grade No. of smudge
and the oxide film thickness,
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