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Prediction of the % Hardness Curve of Cellulose Acetate Mono Filters
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ABSTRACT : The objective of the present study is to induct the regression equation for the
hardness prediction of cellulose acetate filter which was manufactured by the domestic cellulose
acetate tow manufacturer.

As a result of our study, the hardness of filter was increased with increasing the plasticizer
content and packing density as major factors affecting to the filter hardness. As a result which
was obtained by the three dimensional response surface methodology in STATISTICA program,
the hardness prediction value well fitted with experiment result on the high plasticizer content.
To make up for the this equation, the new modified fraction of solid factors which was
contained the mono denier factor was introduced to the hardness prediction equation, and this
third regression equation which was sufficient for the wide plasticizer content, was obtained by
the three dimensional response surface methodology in STATISTICA. This results indicated that
the third regression equation which was obtained this stndy was applicable for the hardness

prediction of cellulose acetate filter which was manufactured by the domestic cellulose acetate
tow manufacturer.

Key words : filter hardness, pressure drop, packing density
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Table 1. Tow items used for predicting the %
“hardness curve of cellulose acetate filters

Size Saﬁg.)le Tow Item fIZI ;nulrl;r Félltfr
1 1.9/35000/Y SK 24.2

2 1.9/40000/Y SK 24.2

3 1.9/45000/Y SK 24.2

4 2.7/35000/Y SK 24.2

Regular 5 2.7/40000/Y SK 24.2
6 2.7/45000/Y SK 24.2

7 3.5/35000/Y SK 24.2

8 3.5/40000/Y SK 24.2

9 3.5/45000/Y SK 24.2

10 3.4/34000/Y | Voridian| 21.7

Slim 11 4.5/30000/Y SK 21.7
12 5.0/30000/Y | Voridian | 21.7

13 5.0/19000/Y |Celanese| 16.7

Ut | eo/mo00y | SK | 167
15 7.0/15000/Y SK 16.7

BMI17| ¥ olalety BAM

Aol Ag3t Al=zEe) AEE Filtronarte]
Hardness Tester, 21482 Heinr Borgwaldt
GmbHAFS] Draw Resistance Meter Al1-8 A-83}
93, " EaE FiltronaAte] QTM 38 A83}
ol B4 &lgick =3k Az "HEld] H7kE TA
S B fsled, el FAAE A
+49Pa(+5 mmH,0) F%F< +5 mg/rod HIE A
Hslo] EAREZ ARG, A7) AHEE Als
£ NHEFEAASTD: Anethol)e] F5% Methanol
Srolfol] ol 197F X3k &, flask shaking #*Hol|
u}e} shakerE o]€ 200 RPMolA 30%7t shaking
slo] &3 8NE auto vialE F7 F auto
sampler”} Z-#+E GC(Hewlett Packard 5890 II)el]
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Filter hardness, [%]

UltraSlim Size
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(Min)+50 %ol W)X AEmsts Basted Fig. 2 | | R = 09017 |
ofl Yetugiet. Yo o v s s 100
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Filter hardness, [%]

o ak Lo =
ebdigieh, =5 i o) 7h AA FY5IsL ThaA Fig. 1. The relationship between the fraction of
5 AvlksiA) e Fele A 50 75 %= 7t solids(a) and Hardness
A A BARig o), kA Eriske) Sl (regular : 96 mm x 24.2 mm; slim : 120 mm x
ulg}l 91.5 %A Z7fsls Y-S Jehigddh 21.7 mm; ultra-slim : 120 mm x 16.7 mm).
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Fig. 2. Comparison of hardness with TA
level(Tow item ;2.7/35 Kd, Cir.; 24.2 mm).
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Celanese 1978; Lee etc, 1984).
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30 Surface Plo (naname. STA 376lc)
67,6134, 1924196 0 056 X % D06y D071y
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2=-145.99410.3%+46 25650, 11290x 0. 107y 099"y

30 Suface Plot (SHEI1ATIZ Sus.sta 3v80)
25858784 2024538 D025 0 4By 0097y

Fig. 3. 3D Surface plot of hardness with TA
levels and the fraction of solids ;
(A) regular, (B) silm, (C) ultra-slim.

Table 2. The derivative equation of % hardness with TA level

Capability Pressure
Curve Point drop Derivative Equation
(%) (mmH:20)
Min(+0)  233(22.84 kPa)  y=8E-06x"-0.0036x+0.0637x°-0.6304x"+4.3037x+74.948 R%=1
Min(+15)  268(26.27 kPa)  y=6E-05x°-0.0026x"+0.0462x°-0.4697x°+3.2865x+80.696 R*=1
Min(+50)  350(34.31 kPa)  y=4E-05x"-0.0017x*+0.031°x3-0.3185x>+2.2196x+86.939  R’=0.9998
Max(+100) 478(46.85 kPa)  y=9E-0x"-0.0007x*+0.0167x°-0.2118x%+1.6633x+89.914 R?=0.9998
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Fig. 4. The relationship between the modified
fraction of solids(a) and hardness

{regular * 96 mm x 24.2 pun; slim : 120 mm x
21.7 mm; ultra-slim : 120 mm x 16.7 mm).
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5. 3D Surface plot of hardness with TA level and the modified fraction of solids ;
(A) regular, (B) silm, (C) ultra-slim.

Table 3. The derivative equation of % hardness with modified fraction and TA level

Size Derivative Equation
-459.5280532 + 33.6965306 x X + 18.7200185 x Y - 0.6956765 x X2 - 0.4598668 x Y’
Regular +0.0048467 x X° + 00065329 x Y° -0.6664868 x X x Y + 0.0063512 x X° x Y +
0.0066044 x X x Y? (R® = 0.9969)
-523.7979006 + 37.2511241 x X + 17.1476413 x Y - 0.7599784 x X? - 0.4221098 Y?
Slims +0.0052313 x X° + 0,0063786x Y° - 0.5831335 x X x Y + 00053017 x X* x Y +
0.0056178 x X x Y? (R = 0.9927)
~305.7988128 + 13.3510706 x X_+ 19.7665679 x Y - 0.1496413 x X? - 05537318 x Y+
Ultra-slims 0.0005605 x X° + 0.0093364 x Y° -0.4073646 x X x Y + 0.002253 x X" x Y + 0.0043528
x X x Y (R® = 0.9778)
S ulislo] Table 4ol Uehligleh, L A% ol LS Hlon, o] AY deleE $AZ=aR
7 A¥zre] & Axsle Aoz Uehtonw 2l STATISTICA®! £3ts]o] & 32 FHE4
B AT Ay AdellA o 3]9]4)e] FufjollA] WS Agslo] Bt AR, sh4A] ko] 2 o
AR 2 AzE= PE] AEES A=) S8 dolla] Ad 7kt A gA gk Aew Jehdth
Vs Ao JuEY, 33 ] % A4 dlolE] o] Z Rekslr] Aste] 71EY FRAE ol EgH

o %Ao] olfolAlchd et ¥ A A= Ax o IA S Faxee} A4S £ AR F
x

$ AAYE U 5 98 Ao DA

£ ATl FjellA] ABAkE]
AHlo|E ELE Afslo] Azl

18 g AgHog d2 AE Wl il 4]
FURAE Foltol AT B DA A2
- B 37 A4S AL F Ak o]FA oA 37

Aoz ot Axet 44 ke & ANk B
AgEers ok T URIEE £ A7 e AE %8 37
FElo AEE AE AL A% Flelld Al g BESE

of rlf rr

%Y 5 9t Ae FEskA B9, Agele] Az ele) AEE ekl S8t
YRR Pe) Aol MAE Fo GYANA A o] F AE Holek
Al W FAE] FolAFE AxE Fhe
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Table 4. Comparison of experimental and predicting hardness curve for a series of the modified fraction of
solids(MFS) and TA levels

Regular Slim Ultra-slim
MFS % TA PV EV D MFS % TA PV EV D MFS % TA PV EV D
34706 0 746 737 -0.90| 36.639 0 781 772 -0.94 | 57.469 0 736 697 -394
34705 3 824 828 0.38| 36.639 3 8.1 8.1 0.04 | 57.469 3 825 802 -235
34705 6 87.1 872 0.05| 36.639 6 89.1 839 -0.23 | 57.469 6 875 83 -221
34706 9 89.8 898 -0.04| 36.639 9 914 912 -0.16 | 57.469 9 90.0 8.3 -1.73
34705 12 915 916 0.056| 36639 12 92.8 927 -0.11 | 57.469 12 91.6 90.3 -1.32
34920 0 752 749 -0.32| 36.620 0 781 782 0.11 | 54.612 0 683 661 -222
34920 3 829 836 0.69]| 36.620 3 8.0 8.8 0.78 | 54.612 3 84 779 -055
34920 6 875 878 0.27| 36.620 6 89.1 894 0.30 | 54.612 6 844 835 -0.90
34920 9 90.1 903 0.16 | 36.620 9 91.3 916 0.26 | 54.612 9 877 89 -0.78
34920 12 918 920 0.21]| 36.620 12 92.8 930 0.21 | 54.612 12 89.8 8.1 -0.72
35640 0 712 770 -0.17] 39.251 0 838 843 046 | 51.632 0 61.8 606 -1.17
35640 3 844 841 -0.33| 39.251 3 89.5  89.7 0.22 | 51.632 3 733 742 0.92
35640 6 88.7 882 -0.51| 39.251 6 925 924  -0.12 | 51.632 6 804 808 0.42
35.640 9 91.1 906 -0.46| 39.251 9 94.0 939 -0.10 | 51.632 9 846 848 0.21
35640 12 925 922 -034]| 39.251 12 9.0 950 0.05 | 51.632 12 874 873 -0.11
36.715 0 79.7 803 0.5 | 38.801 0 83.0 829 -0.11 | 60.710 0 61.8 782 1643
36.715 3 864 87.1 0.70 | 38.801 3 889 8.8 -0.06 | 60.710 3 86.3 8.8 -0.49
36715 6 90.2 904  0.20| 38.801 6 921 917 -0.36 | 60.710 6 90.3 894 -0.86
36715 9 922 924  0.20 | 38.801 9 93.7 934 -0.26 | 60.710 9 920 916 -044
36.715 12 935 937 0.23| 38801 12 94.7 945 -0.18 | 60.710 12 93.1 93.0 -0.15
371064 O 805 80.7 0.22| 38.780 0 83.0 837 0.73 | 57.778 0 742  15.6 1.44
37.004 3 86.9 874 045 38.780 3 88.8 893 0.47 | 57.778 3 82.9 84.0 1.05
37054 6 90.6 906 -0.01] 38.780 6 9.0 921 0.06 | 57.778 6 878 881 0.30
31054 9 925 925 -0.01]| 38.780 9 93.6  93.7 0.06 | 57.778 9 90.2  90.6 0.35
37054 12 93.7 938 0.08| 38.780 12 9.7 948 0.14 | 57.718 12 91.8 92.2 0.41
37811 0 820 823 0.32| 43.773 0 89.4  89.7 0.32 | 54.732 0 686 714 2.34
37811 3 88.1 876 -047 43.773 3 93.3 933 -0.01 | 54.732 3 786 813 2.66
37811 6 914 908 -0.63| 43.773 6 9.1 950 -0.10 | 54.732 6 845  86.1 1.56
37811 9 931 927 -0.42| 43.773 9 9%.8  96.0 0.22 | 54.732 9 878 8.9 111
37811 12 942 939 -031]| 43.773 12 9.4  96.7 0.30 | 54.732 12 89.9 90.8 0.90
41.025 0 86.7 87.0 0.34| 43.446 0 89.1 887 -0.42 | 67.706 0 86.1 86.3 0.16
41.025 3 91.3 915  0.16 | 43.446 3 931 926 -0.55 | 67.706 3 916 91.0 -0.60
41025 6 93.7 937 0.02| 43.446 6 95.0 945 -0.50 | 67.706 6 939 933 -0.61
41.025 9 94.7  95.0  0.27 | 43.446 9 9%.7 9.6 -0.12 | 67.706 9 94.6 94.7 0.11
41.025 12 95.6 958 0.25| 43446 12 96.3 964 0.06 | 67.706 12 95.1 95.6 0.46
41613 0 873 869 -0.37| 43.423 0 89.1 89.2 0.10 | 64.693 0 834 846 1.20
41613 3 91.7 914 -0.33| 43.423 3 93.1 930 -0.13 | 64.693 3 89.7 89.9 0.17
41613 6 939 936 -0.32]| 43.423 6 95.0 948 -0.20 | 64.693 6 927 925 -0.17
41613 9 94.9 949 0.00 | 43.423 9 9.7 958 0.08 | 64.693 9 93.7 94.0 0.26
41613 12 95.7 958 0.08| 43423 12 96.3 965 0.16 | 64.693 12 M5 9.0 0.55
42471 0 88.0 88.0 -0.05| 48.246 0 91.9 923 0.38 | 61.507 0 79.7 81.9 2.20
42471 3 922 915 -0.72| 48.246 3 .8 950 0.21 | 61.507 3 87.1 88.2 1.12
42471 6 94.2 93.7 -0.52| 48.246 6 9.0 96.2 0.22 | 61.507 6 90.8 91.2 0.38
42471 9 95.1  95.0 -0.11| 48.246 9 9.5 970 0.48 | 61.507 9 924 93.0 0.56
42471 12 95.9 959 -0.04| 48.246 12 974 975 0.06 | 61.507 12 935  94.2 0.74
43413 0 88.8 89.100 0.34 | 49.076 0 923 920 -0.29 | 83.950 0 920 925 0.47
43413 3 926 92800 0.15| 49.076 3 9.0 947 -0.34 | 83.950 3 949 9.1 0.17
43413 6 945 94.700 0.22 | 49.076 6 9.2 96.1 -0.09 | 83.950 6 9%.9  96.3 0.35
43413 9 95.3 95.800 0.50 | 49.076 9 96.8 969 0.13 | 83.950 9 9.6 97.1 0.50
43413 12 96.2 96.500 031 49.076 12 97.8 974  -0.41 | 83.950 12 984 976 -0.80
45874 0 90.2 89.900 -0.26 | 49.050 0 23 923 0.02 | 81.502 0 91.8 9.7 -0.08
45874 3 93.5 93.400 -0.06 | 49.050 3 9.0 950 -0.03 | 81.502 3 94.8 946 -0.24
45874 6 95.0 95100 0.11| 49.050 6 96.2 963 0.12 | 81.502 6 9.8  96.0 0.18
45874 9 95.8 96.100 0.28 | 49.050 9 9.8 970 0.24 | 81.502 9 96.3  96.8 0.55
45874 12 97.0 96.800 -0.19] 49.050 12 978 975  -0.30 | 81.502 12 976 973 -0.34
46.820 0 90.6 90.700 0.12 | 37.147 0 794 789 -053 | 79.241 0 914 905 -0.92
46.820 3 93.7 93.700 -0.02 | 37.147 3 86.1 862 0.12 | 79.241 3 94.7 938 -0.89
46.820 6 95.2 95300 0.10 | 37.147 6 89.9 898 -0.13 | 79.241 6 95.7 9%.4 -0.32
46.820 9 96.1 96.300 0.22 | 37.147 9 920 919 -0.11 | 79.241 9 96.0  96.3 0.29
46.820 12 974 96900 -0.53| 37.147 12 93.3 932 -0.14 | 79.241 12 97.1 97.0 _ -0.09

* PV ; Prediction Value of modified model * EV ; Experimental value  # D ; difference (EV-PV)
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