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Analysis on Poly(lactic acid) Melt Spinning Dynamics
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Abstract : Profiles development of melt spinning process of poly(lactic acid) (PLA) was simulated via a
numerical method and the radial temperature distribution was calculated using finite difference method. The
spinning speed ranged from 1 km/min to 5 km/min was analyzed and the effect of spinning conditions on the
radial temperature distribution was investigated. At low spinning speed, the difference between PLA and
poly(ethylene terephthalate) (PET) was relatively small. As the spinning speed increased, the difference in
velocity profile became prominent. PLA showed a slower spinning speed than PET and solidified more slowly.
The temperature difference between the core and surface of the PLA filament reached 4.6 K, which was less than
that of PET filament with a difference of 10.4 K. The radial temperature difference increased with increasing the
cooling-air velocity and the spinning temperature.

Keywords : PLA melt spinning, Numerical method, Finite difference method, Temperature profile, Process
variable
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Table 1. Material parameters used in the simulation

Parameters Values
Thermal conductivity of air (K,, g + cm/sec’ - 2.63x10°
Kinematic viscosity of air (4, cmz/sec) 0.29
Thermal conductivity of PLA (k,, g+ cm/sec® - K) 2.63%10°
Thermal conductivity of PET k, , g cm/sec® - K) 2.09x10°

Specific heat capacity of PLA (Cp, cm’/sec” -
Specific heat capacity of PET (C,, cm’/sec” -

Density of PET (2, g/cm3)

Density of PLA (P, g/cm3)
Elongational viscosity of PET (77, Poise)

(1.94244+1.055%10°T) x10’
(1.2642.52x10°T) x10
1.356-5x10°'T

1.1452/1+7.4x10™ (T-150))
0.73exp(5300/(T+273))

< 3719 &
QQ@@E(kmemanc viscosity of air), Redf HolsE=
(Reynolds number)o]t}.
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(number of steps=3000, step size=0.1167cm)
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Figure 1. Flow chart of the numerical simulation.

Table 2. Conditions for melt spinning in the simulation

No. Spinning speed (km/min)
1 1.0
2 2.0
3 3.0
4 4.0
5 5.0

Mass flow rate: 5.0 g/min - hole, Quench air velocity: 0.3
m/sec, Quench air temperature: 288 K, Spinning temperature
of PLA : 503 K, Spinning temperature of PET : 563 K

o714 kpl‘:; IEAY] GAHEE(thermal conductivity of
polymer), R & <] WA 2olth. Eq. 10& £7] 9]8) 23}
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Table 3. Conditions for melt spinning of PLA in the simulation.

Reduced  Quepeh st 2 re  ccrmperatare
value (m/sec) (K) (K)
-1 0.2 288 493
0 0.3 293 503
1 0.4 298 513

Mass flow rate: 5.0 g/min - hole, Spinning speed: 5 km/min
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Figure 2. Velocity profiles of PLA running filament for
different spinning speeds.
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Figure 3. Velocity gradient profiles of PLA running
filament for different spinning speeds.
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Figure 4. Diameter profiles of PLA running filament for
different spinning speeds.
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Figure 5. Temperature profiles of PLA running filament
for different spinning speeds.

WAl Zgal FE gel sty o] S
Zoll MlelBE e WA R Wl nle} Z7laA
S7FskA A

Figure 72 PLAS} PET9}O] S-gWALFA S &5, A&
£ 99 20 vl Uehd Tgelt £ 469 A5

[«

<

]

T

1000 ¢
: 1 km/min (PLA)
1 km/min (PET)
5 km/min (PLA)
. 5 km/min (PET)
e
=
2 100 t
1T [
2 N
R
[a)
10 1 1 1
0 100 200 300
Axial distance (cm)
(a)
550 t
1 km/min (PLA)
— 1 km/min (PET)
—. 500 p — . —-— 5 km/min (PLA)
3 N — — 5 km/min (PET)
oy .
£ 450 |
©
& 400 |
e
@
F 350 |
300 ¢
0 100 200 300

Axial distance (cm)

(c)

Clean Tech., Vol. 15, No. 4, December 2009 249

300 |

200 [ ; e

Tensile stress (dyne/cmz)
N

100 - ~'/ 7 . -

Axial distance (cm)

Figure 6. Tensile stress profiles of PLA running filament
for different spinning speeds.
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Figure 7. Comparison of PLA and PET for (a) diameter, (b) spinning velocity, (c) temperature and (d) stress profiles.
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region: No. 5 condition in Table 2.
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A; Cross-sectional area of running filament (cmd)
¢, ; Skin friction coeflicient

C,; Specific heat capacity of polymer (cm?sec” K)
D ; Diameter (cm)

F". Force (dyne)

L ; Spinline length (cm)

R ; Radius (cm)

Re, ; Reynolds number

T ; Temperature of running filament (K)
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T,; Temperature of surrounding air (K)
Ty Spinning temperature (K)

w ; Mass flow rate (g/min)
€ ; Gravity constant (crm/sec”)
h ; Heat transfer coefficient of polymer (g/cm2 - sec” - K)

k,; Thermal conductivity of air (g/cm - sec’ - K)

k p; Thermal conductivity of polymer (g/cm - sec® - K)
Va; Quench air velocity (cm/sec)

Vo ; Initial speed (cm/sec)

Vr; Spinning speed (cmy/sec)

V. ; Velocity of running filament (cm/sec)

z ; Axial position (cm)

77; Elongational viscosity (Poise)

M, ; Kinematic viscosity of air (cm%sec)

Pa; Air density (g/cms)
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