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Measurement of infinite dilution diffusion coefficients of small molecule

solvents in nascent polyethylene particles by inverse gas chromatography
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Biochemical Engineering , Zhejiang University » Hangzhou 310027, Zhejiang, China)

Abstract: Based on the classical theory of linear and non-equilibrium chromatography process, the infinite
dilution diffusion coefficients of dichloromethane, tri-chloromethane, tetra-chloromethane and n-hexane in
nascent polyethylene particles were measured in the temperature range from 323.15 K to 358. 15 K with
inverse gas chromatography (IGC) . Polyethylene particles, as obtained from the polymerization reactor,
were directly used to prepare packed columns without any change of the polymer morphology. The effects
of diffusion temperature, molecular weight of different solvents and polyethylene crystallinity on
diffusivity were investigated. It was shown by the IGC results that the diffusion coefficients increased with
rising temperature for a particular polymer/solvent system, while decreased with increasing molecular
weight of diffusing solvent for homologue solvents, such as dichloromethane, tri-chloromethane and tetra-
chloromethane. The crystallinity of semicrystalline polyethylene also affected the diffusion coefficients
significantly in the way that higher crystallinity corresponded to lower diffusion coefficients for both
dichloromethane and n-hexane. The measured diffusion coefficients were compared with model predicted values and

good agreement was found, indicating the reported IGC method in this work had good reliability.
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Table 1 Characteristics of packed columns

Column L/cm M,/g e dy,/pm
A 200 3.26 0.62 600—710
B 200 4.05 0.53 450—600
C 116 1. 30 0.63 220—450
D 200 4. 97 0.43 180—220
E 100 2.22 0. 49 135—180
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Table 2 Porosities of polyethylene particles

Column &p 3
A 0.13 0.56
B 0. 14 0.57
C 0.16 0.56
D 0.16 0. 44
E 0.12 0.42
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packed with polymer particles
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Table 3 Comparison between ¢, and ¢, in column C
Solvent D, X107 /m? « s7! twm/s 1, X103 /s
n-Cg Hiy 1.94—2. 14 0.46—1.05 8. 74—9. 65
CHCl; 2.12—2. 40 0.62—0. 86 7.79—8.82

CCly 1.82—2.04 0.53—0. 85 9.17—10. 3

Note; Column temperature, 323.15—343.15 K; t=7.
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(Column C; solvent, CH,Cl,; T=2323.15 K)
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Table 4 Summary of characteristic diffusion time and calculated diffusion coefficients for polyethylene-solvents system

Polymer/solvent system T/K K m/s D. X102 /m? « 7!

HDPE/CH:Cl, 323.15 11.2 1. 20 1.95
328.15 9.66 1. 09 2.48

333.15 10. 2 1.01 2.54

338. 15 9.15 1. 00 2. 87

343. 15 9.12 0. 940 3. 06

HDPE/CHCl; 323.15 34. 6 0. 858 0. 894
328. 15 26.5 0. 858 1. 17

333.15 22.9 0. 858 1. 35

338. 15 18.9 0. 786 1.78

343.15 18.1 622 2.35

HDPE/CCl, 323.15 44.7 0. 853 0. 697
328. 15 44.0 0. 850 0.711

333. 15 42.4 816 0.768

338. 15 31. 2 0. 620 1.37

343. 15 28.1 0.529 1.78

HDPE/n-Cs Hyy 338. 15 19.3 1. 05 1. 31
343. 15 17.2 . 856 1.79

348. 15 14.7 0.656 2.74

353. 15 13.5 0.571 3.42

358. 15 12.9 0.462 4.42

LLDPE/CH,Cl, 323.15 8. 30 2.17 4. 46
328. 15 7.38 1.93 5.63

333. 15 6.16 1. 68 7.72

338. 15 5.43 1.72 8.51

343.15 5.07 1. 59 9. 86

LLDPE/n-Cs Hy,y 338. 15 13.8 2.28 2.57
343. 15 12.5 1. 84 3.52

348. 15 10. 5 1.61 4. 78

353.15 10. 4 1.54 5. 04

358. 15 9.42 1. 67 5.12

Note: uncertainties of diffusion coefficients are lower than 10%.
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Table 5 Comparison between measured and predicted values of diffusion coefficients at 333. 15 K/m* « s~ !

HDPE LLDPE
Item
CH,Cl, CHCl; CCly n-CsHyy CHCl, n-Cg Hyy
(Ep/R) values (8375—9575) (10855-—12055) (13462—14662) (15005—16205) (8375—9575) (15005—16205)
calculated by Eq. (14) X10712 X 10712 X 1012 X107 12 X 1012 X 10712
predicted values by (1.28—8.09) (0.224—1.41) (0.0844—0.532) (0.200—1. 25) (2.90—18. 3) (0.436—2.75)
Krevelen model X102 X1012 X102 X102 X101 X102
measured values by . B . L . -
2.54 X107 12 1.35X10°12 0.768 X107 12 2.74X10712 7.72X10°12 4. 78X10

IGC in this work

Note: for n-CsHy4/HDPE and n-Cs Hy, /LLDPE systems, diffusion coefficients were compared at 348. 15 K.
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