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Experimental Study of Moisture Vapor Transmission Rate(MVTR)
for Breathable Film
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School of Mechatronics Engineering, Korea University of Technology and Education School

ABSTRACT

Moisture vapor transmission rate (MVTR) is an important item for many applications of polymer breathable thin film.
To determine the optimum values of the process parameters, it is essential to find their influence on The significance of
six important process parameters namely, extruder cylinder temperature, extruder speed, extruder dies temperature, cooling
roll temperature, stretching ratio, stretching roll temperature on breathable film strength of polymer extrusion was
determined. Moreover, this paper presents the application of Taguchi method and analysis of variance (ANOVA) for
maximization of the breathable film MVTR influenced by extrusion parameters . The optimum parameter combination
of extrusion process was obtained by using the analysis of signal-to-noise ratio. The conclusion revealed that extruder
speed and stretching ratio were the most influential factor on the film strength, respectively. The best results of film MVTR
were obtained at higher extruder speed and stretching ratio.

Key Words : Breathable film, MVTR, Taguchi method, Process parameter, Optimization
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= T2 R A& AP Ee Aoy AFE A 719] & FFA FHOEN ST
SHAA WZsle] dAlske 288 st 2 SN e F5o 93 4E(CaCly) 15¢g =

2.1, AEEH|

Aol AHgE EAetE 719 B2 BNP PE-
502 2&-F7189 8N 99 Fig. 13 Zo] ¥
Z AlZE Aot} o] Au|e] k&) FALe ©E X~
FF2oln, FQ FACRE AFF7]0]7} 1,280 mm,
2237 7o) 50 mmZ L/D=26°]t}.

22. 8714 8| &L &%

A WA o2 AR Q= U148 2B
713t vle} 4o 20~30 um T 9] B ES
FEo £ ALEAX A =], ol
o= B7143& Fo3t7] Bt 50%0)1°3<]
Zg 77188 E SXAA A 3249 (compounding)sl| ok
3l7] wjolt), B A AMEE 1%-578EE
714 A1 E= LLDPE (linear low density polyethylene)Z A1
7)o FE3HA, H7HA, F3A & EHs] Ml
(melting index), %, T& 5 B4 S AAg &
B8 EE 48 HaeE YEE AMESAT.
LLDPE= 7|A1# A& o] ¢-38to] A Aol A Bol
ARGEY, e Aoy 73S B A FERY W
S TS He e ®E dEA ATH8-9]. Table 1°]
LLDPE®] 8 ASEA 7hS Yeplidct.

F & E(MVTR, moisture vapor transmission, -2
WVTR, water vapor transmission)= Fig. 29} 722 &

F= 54715 KS K 05949] el os 4550}
FEE AT AEe A Lol FHA (A2

Ho} MBS Eitel W o2 sk FAeF

i

Fig. 1. Breathable film equipment.
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2 15g2 B3 A1ES 3 WAl 2ok &, Aol
dabda(=)o] FA B L d3t BES 19ES

=
ARSI B2 SRFE AET o B8 BFEEE &
2857 AWREE AR slaL, S/RTE AR A
LEE 40+2°C, £EE 60+ 5% RHE A&3it) &
AFoE NPT Ay 22E 40+2°C, FEE
75+ 5% RH.E A3 S/FFe 2009 &2 SF7
FE A3 A A5 EE O-RingS 8o te &
AAE DEEA Zola, A Ao H S ST

o}, okl g2 a<r]dd F=v]E AlA 3 (sample cup)
S FYsith. SHAL 24178 9F 02 3y, A

Al A & 2417 E9 2 =4 S} 24 Hrs (2 hrs)$
A& &2 F5710A AW T 1087 2ol A WA
3 T A=

P =10x(a—a)/S ()

o]7]4 P: FFE [kg/m’h]
@m—ap: WZF A & A|EHL] FAHS [mg/h]
S: F5HE [em?lelt}.

Table 1. Material properties of LLDPE

Properties Value
Thermal conductivity 0.24 J/ms°C
Specific heat at constant pressure 2.30 J/g°C
Density 0.92 g/em?
Transition temperature -120/-9°C
Crystalline melting point 125°C

Fig. 2. Moisture vapor transmission tester.
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2.3. TaguchiH0f| 2|5t A&{AH=l

Taguchi W& A wu G gl #|ojate} <l
2HS FA]ol 22 8ke] S/NH|(signal to noise ratio)S
Hdisteh= AoflAte] 24 F, = sllr e A5
g2 9] sato] Aol o] Eg Aol 2 shs Alofl
7ol 27E Fhe otk H7HEAEAE Alssh e
2 Uil 5718889 FEee GAdA T2
AR AEetnE B4RV AW 245 2 W
o) 573 (higher is the best)S 283t W54 9
SNH|= 2(2)= 7+& 5 ATH10-11].

_ |
S/Nf—IOIOgZZ;—? ()
=177

71A yi: AFeNA Aozl HoJE, n: A F 3ot}
Table 2914 EFHHF A= YE719 Y 2=
(extruder cylinder temperature), B= & % = (extruder
speed), C= 4&719] tho]l2¢] 2% (extruder dies

Mean 1.412
StDev  0.3799
N 27
AD 0.686
P-Value  0.065

Percent
v
o

2.0 2.5
Fig. 3. Probability Plot of MVTR.
o] AAolME p-gtol 0.06502 245 5%HTh =

e Agdele7t At Eee AF7HE d5dith
Table 3> 2] E3E L27(3°) A @AM LRl FH

Table 3. Orthogonal array L,;(3%)

temperature), D& ¥ 7& 2] 2% (cooling roll tempera- Run |A|B|CIDJE|F Exp data]SN(CD)
ture), Ei= $341H] (stretching ratio), 223 F= 41E : L L N L L 1975 Sl
9] &= (stretching roll temperature)E YERHATE. 2 frptptptp2p2] 218 6.785
3 L1 {1 1]3]3 2.069 6.315
ST R
ANH I A
BE 54 ARke dolEt AT nerky : :

N _ o _ 8 11313 (32]2 1.254 1.966
PRIt} o]k 7S ER1sh] ko] HiolH o tf T T 3 T3 55 a T e
A ABES FEE DTt stk AAE &}l o T2 T 25 T2 1368 | 2m
Sl A2 4 +8E = (normal probability plot)S 2 TEEEEEEREREREE 1593 1072
Agate] Ak el )tk 12 2011213131 2.003 6.034

FFBEAA HEo] R AP WA Y T s s
4 el MEATIE WAAT Fig 32 FEES 1515 e T a5 T Ta0r T s
APAEE 2% FEERS e et 5 2231 ]3] 1| 1527 | 3677

o]7]4 AHE-E Anderson-Darling?]-2 +2 & X g4 6 |213 11121112 0.503 25.969
2 olgale] Agskedl dagol e Aol AWt 515 T T2 3 5 085 1180

18 2031112131 1.287 2.192
Table 2. Process parameters with levels 9 (31113121113 1.361 2.677

Process parameters Unit | L, L, L; 20 3113 1212]1 1.583 3.990

A : Ex. cylinder temper. °C 220 | 240 | 260 21 3111312132 1.894 5.548

B : Ex. speed rpm | 200 | 250 | 300 22 3121 (3]|1]3 1.304 2.306

C : Ex. dies temp. °C 220 | 230 | 240 23 31211131211 1.405 2.954

D : Cooling roll temp. °C 16 18 20 24 (321|332 1.607 1.699

E : Stretching ratio - 20 | 3.0 | 40 25 [ 3 (3|21 |1]3 0.450 1.555

F : Stretching roll temp. °C 80 | 90 | 100 26 |3 (3|21 ]2]1 0.734 1.416
* EX, : Extruder, Temp. : Temperature®] FA}. 27 [ 3132|1312 1.109 1.267
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Fig. 4. Main effects plot(data means) for S/N ratios of
MVTR.
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Signal-to-noise: Larger is better

Fig. 5. Interaction plot for S/N ratios of MVTR.

Table 4. ANOVA table for S/N ratio of MVTR

Source | DF | Adj. SS |Adj. MS| F P
A 2 13.71 6.85 3.51 0.058
B 2 96.74 4837 | 24.78 | 0.000
C 2 1.93 0.96 0.49 0.620
D 2 11.93 5.96 3.05 0.079
E 2 24.23 12.12 | 6.21 0.012
F 2 426 2.13 1.09 0.362

Error 14 27.33 1.95
Total 26 180.13

** DF, : Degree of freedom, Seq. SS, : Sequential sum of
squares, Adj. MS, ; Adjusted mean of squares

o] Fellxe 23] 2 &
47 oA+ (Adjustable mean
& P51, pgkel vl

F24(ANOVA)S- 3 Zlo|t},
o W3k A+ %=(DF),
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Table 5. ANOVA table for S/N ratio of MVTR Z5E BT SR AL O S Q) ol A

Source | DF | Adj. SS |Adj. MS F P
A 2 13.71 6.85 3.68 0.046
B 2 96.74 4837 | 2597 | 0.000
D 2 11.93 5.96 32 0.065
E 2 24.23 12.12 6.51 0.007

Error 18 33.52 1.86

Total 26 180.13

Table 6. t-Test of MVTR.

Predictor Coef. T p VIF
Constant. 2177 12.51 0.000 1.0
A -0.098 -2.29 0.032 1.0
B -0.355 -8.33 0.000 1.0
D -0.087 -2.05 0.052 1.0
E 0.158 3.71 0.001 1.0
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