
ANNUAL REPORT 2006
Meeting date: June 15, 2006

HoJung Shin & Brian G. Thomas

Department of Mechanical & Industrial Engineering

University of Illinois at Urbana-Champaign

Model of Mold Powder Consumption during CC 

of ULC steel

University of Illinois at Urbana-Champaign • Metals Processing Simulation Lab • HJ Shin & BG Thomas 2

Acknowledgements

• Continuous Casting Consortium at UIUC

• Postech: Gogi Lee and SH Kim.

• Posco (measurements): JM. Park

• Joydeep Sengupta

• Submitted to ISIJ International, May, 2006



University of Illinois at Urbana-Champaign • Metals Processing Simulation Lab • HJ Shin & BG Thomas 3

Interfacial gap between the mold and 
solidifying shell
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Mold flux consumption occurs as 1) lubrication and 2) in oscillation marks
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Mold Oscillation Parameters

S : Stroke (mm)
F : Frequency (cycles / minute)
α : Modification ratio for non-sinusoidal mode (%) = ( A2 / A1 ) × 100 
VC : Casting speed (m/minute)
Tt: Total period of oscillation cycle (second / cycle) = 60 / F 
Tn: Negative strip time (sec) = 60/πF×arc cos (1000×VC /πSF), Equation for α = 0
TP: Positive strip time (sec) =  Tt - Tn

Theoretical oscillation mark pitch (mm) = 1000×Vc / F
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Influence of oscillation conditions on negative
strip time
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Influence of oscillation conditions on positive
strip time
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Controlled Casting Trials

ULC steel
230 mm thick slab

Constant conditions 
for several heats 
per trial case

1145Melting temperature (oC)

1101Solidification temperature (oC)

0.419Surface tension (N m-1)

0.262Viscosity at 1300 oC (Pa s)

2660Density of liquid slag (kg m-3)

CaO (37.9%) – SiO2 (37.8%) – Al2O3 (5.0%) – MgO (2.0%) – Li2O (0.9%) – Na2O (3.8%) –
K2O (0.1%) – Fe2O3 (0.3%) – MnO2 (0.04%) – TiO2 (0.3%) – F (7.2%) – CO2 (3.2%) – Ctotal (2.6%)

III. Mold Powder (Trial C):

1180Melting temperature (oC)

1145Solidification temperature (oC)

0.431Surface tension (N m-1)

0.321Viscosity at 1300 oC (Pa s)

2680Density of liquid slag (kg m-3)

CaO (39.8%) – SiO2 (36.3%) – Al2O3 (3.4%) – MgO (0.8%) – Li2O (0.4%) – Na2O (3.4%) –
K2O (0.1%) – Fe2O3 (0.3%) – MnO2 (0.03%) – TiO2 (0.2%) – F (6.0%) – CO2 (3.5%) – Ctotal (3.0%)

II. Mold Powder (Trial A and B):

1519Solidus temperature (oC)

1534Liquidus temperature (oC)

1.6Surface tension at 1550 oC (N m-1)

7127Density of liquid steel (kg m-3)

C (0.002~0.005%) – Mn (0.07~0.15%) – Si (≤ 0.005%) – P (0.01%) – S (0.01~0.012%) –
Cr (0.01%) – Ni (≤0.01%) – Cu (≤0.01%) – Ti (0.025~0.05%) – Altot (0.035%)

I. Steel:

University of Illinois at Urbana-Champaign • Metals Processing Simulation Lab • HJ Shin & BG Thomas 8

Trial measurements: OM depth

0.4950.1520.262110116.51570C-15

0.3040.1150.262110122.91570C-14

0.3100.1150.262110122.91570C-13

0.2770.0970.262110128.11300C-12

0.2360.0970.262110128.11300C-11

0.3020.1140.262110123.31300C-10

0.1920.0970.262110128.21300C-9

0.1990.0920.262110129.9950C-8

0.2140.0920.262110130.1950C-7

0.2250.0920.262110130.0950C-6

0.2720.1160.262110124.31570C-5

0.3130.1150.262110124.61570C-4

0.2800.1340.262110120.21300C-3

0.3280.1180.262110123.61300C-2

0.2510.1000.262110129.11300C-1

0.3310.1260.321114924.91300A-10

0.3380.1540.321114924.41300A-9

0.3080.1390.321114924.81300A-8

0.2580.1210.321114924.81300A-7

0.3430.1100.321114924.51300A-6

0.3530.1270.321114925.01300A-5

0.2920.0810.321114924.91300A-4

0.3090.1000.321114924.51300A-3

0.3930.1150.321114924.31300A-2

0.2460.1070.321114924.41300A-1

Measured oscillation 
mark depth

(mm)

Negative 
strip time

(s)

Viscosity of 
mold powder 

at 1300 oC
(Pa∙s)

Solidification 
temperature of mold 

powder
(oC)

Casting speed
(mm/s)

Casting width
(mm)

Test
No.
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Trial results: powder consumption

0 2340 2640 105242 716 5025 01300B 11

0.2470.2700.107242.666.4424.41300B-10

0.1940.2400.097242.976.7727.71050B-9

0.2100.2410.097242.966.7527.51050B-8

0.2120.2560.102242.796.5825.81300B-7

0.2150.2610.104242.746.5325.31300B-6

0.2370.2680.106242.676.4624.61300B-5

0.2380.2670.106242.696.4724.71300B-4

0.2560.2780.109242.586.3723.71570B-3

0.2470.2850.112242.526.3023.01570B-2

0.2710.2920.114242.466.2522.51570B-1

0.2110.2760.126122.497.0024.91300A-10

0.2080.3240.15402.097.0024.41300A-9

0.2480.4260.139241.777.0024.81300A-8

0.2300.2240.12102.906.0024.81300A-7

0.2290.2990.110242.456.0024.51300A-6

0.2230.3530.127122.086.0025.01300A-5

0.2530.2050.081243.495.0024.91300A-4

0.2250.2410.100122.945.0024.51300A-3

0.2320.2960.11502.435.0024.31300A-2

0.2470.2700.107242.656.4424.41300A-1

Mold powder 
consumption 

(kg/m2)

Positive 
strip time 

(s)

Negative 
strip time 

(s)

Modification ratio 
(%)

oscillation 
frequency 

(Hz)

oscillation 
Stroke 
(mm)

Casting speed 
(mm/s)

Casting 
width
(mm)

Test
No.
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Empirical equation for mean OM depth
compared with trial results
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Influence of mold oscillation on OM 
depth
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Relationship between mold powder 
consumption and positive strip time
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Mechanism of OM formation in ULC steel

Liquid slag

Liquid steel
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Meniscus
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Collapse with
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Steady state Meniscus freezing Subsequent liquid
steel overflowing
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Base meniscus shape on Bikerman Eq.
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x = distance perpendicular to the mold wall in m
Z = distance along the mold wall in m
∆γ= surface tension between liquid steel and liquid flux) in N m-1

∆ρ= density difference between liquid steel and liquid slag 
g = gravitational acceleration = 9.81 m s-2
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Comparison of equilibrium meniscus 
shapes with actual OM and hook shapes
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Model of OM shape from Bikerman Eq.
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New Model for Flux Consumption

( )NWV

Q
Q

C

cons

22area +×
=

gravitymovingfluxSolid QQQQQ +++= lubOMarea
ignore ignore

49.1
s

389.0
n

556.0

43.1
slag

2
OM

2
105.2 −− ××⎟⎟

⎠

⎞
⎜⎜
⎝

⎛

⋅Δ
Δ⋅

××××= vt
g

kq
ρ
γρ

p59.3
lub 07.5 teq ××=

Qarea: Powder consumption per unit strand area (kg m-2)
Qcons: Weight of the bags consumed per one minute (kg min-1)
qOM: Oscillation mark consumption per unit length in one cycle of oscillation (g m-1 cycle-1)
qlub: Lubrication consumption per unit length in one cycle of oscillation (g m-1 cycle-1)
tn: Negative strip time (s)
tp: Positive strip time (s)
vs: Casting speed (mm s-1); 
VC: Casting speed (m min-1)
k : Coefficient for oscillation mark depth depending on mold powder (-)
N: Slab thickness (m)
W: Slab width (m)
Δγ : Difference of surface tension between liquid steel and liquid slag (N m-1)
ρslag: Density of liquid slag (kg m-3)
Δ ρ: Difference of density between liquid steel and liquid slag (kg m-3)
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Comparison of consumption amount and 
ratio of lubrication and oscillation mark
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Validation of estimated powder 
consumption per cycle (L1 trials)
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Validation of new powder consumption 
model with measurements (L2 trials)
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Estimated mold powder consumption 
(Qarea) and lubrication consumption (Qlub)
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Powder consumption predictions 
(mold powder P2)
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Influence of oscillation parameters on 
mold powder consumption
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Conclusions

• Controlled mold trials and models used to develop:
– New equation to predict mold powder consumption
– New equation to predict OM depth (matches measurements and 

previous trends)

• Oscillation marks account for most of consumption at 
lower casting speed

• Model matches previous trends: 
Powder consumption increases with:
– Lower casting speed
– Decreasing oscillation frequency
– Increasing negative or positive strip time
– Increasing modification ratio
– Stroke (negligible effect)


