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Abstract

Self-emulsifiable polyethylene (PE) wax was prepared using acrylic acid grafted PE wax with potassium hydroxide and various
emulsifiers for the economic production of PE wax emulsion. Modification reaction completion was confirmed that the peak
from carbonyl group of acrylic acid disappeared and the new peak from carboxylic acid salts appeared in the FT-IR (Fourier
transform infrared) spectrum data. Self-emulsifiable properties of the modified PE wax were investigated by the emulsion size
and the stability of wax emulsion without any additional emulsifiers. According to self-emulsifiable properties, the emulsion
size and stability were varied on the concentration and structure of the emulsifier. The greater emulsion concentration and hy-
drophilic poly(ethylene oxide) (PEO) characteristics of the emulsifier resulted in the smaller emulsion size and better emulsion
stability. In addition, the use of emulsifiers mixture was more effective to obtain smaller size and uniform distribution of emul-
sion than that of single emulsifier in PE wax modification reaction. Especially, modified PE wax with OAE-5 and LAE-15
emulsifiers mixture shows excellent performance in terms of the smallest emulsion size (4.34 pum) and emulsion stability.
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Figure 1. Measurement scheme of the multisample analytical
photocentrifuge. The light source (1) sends out parallel NIR-light (2)
which is passed through the sample cells (3) lying on the rotor (4).
The distribution of local transmission is recorded over the entire
sample length by the CCD-Line detector (5).
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Table 1. Specification of Acrylic Acid-g-Polyethylene Wax

Items Test Method Specification
Viscosity @ 140 C, cps 600 ASTM D 1986-91
Softening point, C 103 ASTM D 36
Hardness @ 25 C, dmm 2.2 Max ASTM D 1321
Acid Number, mgKOH/g 37-44 305-OR-1
Eejolgal ehno vyst Rbg WSS SAsk] S8l Agilent

Technology®] Cary 630 Fourier Transform Infrared (FT-IR)= ARE3IITh
27158 Zelolddl 20 H(@140 C)i= BrookfieldAHe] 4
U EA LVT 2302 AR8-3t0] ASTM D 1986-142] o s =
ATH11]. A3HHS ASTM D 36-142] W o7 4319 om =
e oS3 Ati12). 7FEste] SallE oA A Bl Yol &
100 CE 7Hdst FEA>el Weth g2 2o 438 &9 5 =9
A-L] 255 AL dEAIA G2t Askeo] HFo] EellA Yelehs
AR 22E Ashdor AFsIGlh HSIEE Anton PaarAke]
7 PNR 122 AH319] ASTM D 1321-16a 02 Z48lArH13].
odd EAo=R ofdH Alo]*:i= Laser Particle Size Analyzer
(Shimadzu SALD-2300)E AH&-ate] S7gskolom S4ue vkt
ZTtH14]. 71719 absorbance’} 243} =™ blank AH-S FdYshH
sonicator 2 pump speed 70 A7 T odH AlRE 1'H-E4 photo-
sensor output 40~60%= w7} F11$+ &, absorbance”} <Hd 3} =
S zlEsith fekel] ok ol A P tha #o] Hrket
At olddE Alzxsta WAe v A2elA oldd §95 72 h
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7} galo] 91w Rz 2 94l ke 2
2 gehiith 3 7k odd QA LUMiSizer® LS610
Dispersion Analyzer (L.UM. GmbH, Berlin, Germany) A1371& A&
3] Figure 101149} 7+0] STEM™-Technology (Space- and Time-re-
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Figure 2. Synthetic scheme of self-emulsifiable polyethylene wax.
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Figure 3. FT-IR spectra of self-emulsifiable polyethylene wax with
reaction time.

Figure 4. Inter molecular interaction of self-emulsifiable polyethylene
wax.
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Table 2. Physical Properties of Self-emulsifiable Polyethylene Waxes containing Single Emulsifier

FT-IR Area %"

Self- Emulsifier Emulsifier Viscosity, Softening point, Hardness,
Emulsifiers 1 Concentration, wt% 1,550 cm’ 1,700 cm’ cps T dmm
A-C® 540A - 0 100 600 103.0 2.20

SE-LAES LAE-5 10 99.1 0.9 3,450 102.1 3.97
SE-LAE9 LAE-9 10 99.4 0.6 3,450 103.2 5.73
SE-LAEI1S LAE-15 10 99.7 0.3 3,625 102.4 4.57
SE-CAES CAE-5 10 99.4 0.6 3,625 102.1 3.77
SE-CAE1S CAE-15 10 99.4 0.6 3,900 103.0 297
SE-OAES OAE-5 10 99.4 0.6 5,950 103.6 3.20
SE-OAE20 OAE-20 10 99.8 0.2 4,025 103.2 3.63
SE-SAE14 SAE-14 10 97.2 2.8 3,915 102.9 2.80
SE-SAE20 SAE-20 10 99.2 0.8 4,110 103.2 3.63
SE-LAES LAE-9 7.5 99.3 0.7 4,800 102.5 3.47
SE-LAEI1S LAE-15 7.5 98.1 1.9 5,500 103.4 2.63
SE-CAE15 CAE-15 7.5 99.4 0.6 4,700 102.0 2.33
SE-OAE20 OAE-20 7.5 99.9 0.1 9,700 102.8 5.47
SE-SAE20 SAE-20 7.5 99.1 0.9 5,200 105.6 2.97
SE-LAE9 LAE-9 5.0 99.1 0.9 6,400 102.4 2.53

1) Peak area analyzed by using FT-IR (Agilent technology Cary 630).

Table 3. Physical Properties of Self-emulsifiable Polyethylene Waxes Containing Binary Mixture Emulsifiers

Self- Emulsifier Emulsifier Emulsifier FT-IR Area %" Viscosity,  Softening point,  Hardness,
Emulsifiers 1 2 Concentration, wt% 1,550 cm’ 1,700 cm’ cps T dmm
A-C® 540A - - - 0 100 600 103.0 2.20

SE-LAES/LAEILS LAE-5 LAE-15 10 98.9 1.1 3,550 103.7 3.47
SE-LAES/CAELS LAE-5 CAE-15 10 97.7 2.3 3,795 103.0 2.87
SE-LAES/OAE20 LAE-5 OAE-20 10 99.4 0.6 3,700 105.5 3.50
SE-LAES/SAE14 LAE-5 SAE-14 10 99.5 0.5 3,750 104.9 420
SE-LAES/SAE20 LAE-5 SAE-20 10 99.0 1.0 3,800 105.4 4.57
SE-OAES/LAELS OAE-5 LAE-15 10 98.2 1.8 3,900 103.4 3.57
SE-OAES/CAELS OAE-5 CAE-15 10 99.4 0.6 3,750 103.7 4.30
SE-OAES/OAE20 OAE-5 OAE-20 10 99.1 0.9 4,250 103.7 2.63
SE-OAES/SAE14 OAE-5 SAE-14 10 99.3 0.7 3,895 103.1 2.83
SE-OAES/SAE20 OAE-5 SAE-20 10 99.2 0.8 4,015 103.8 297
SE-CAES5/LAELS CAE-5 LAE-15 10 99.8 0.2 3,750 102.8 3.97
SE-CAE5/CAELS CAE-5 CAE-15 10 99.1 0.9 3,900 104.5 2.87
SE-CAES/OAE20 CAE-5 OAE-20 10 99.5 0.5 3,975 102.4 2.57
SE-CAES/SAE14 CAE-5 SAE-14 10 99.5 0.5 4,340 102.9 3.07
SE-CAES/SAE20 CAE-5 SAE-20 10 99.2 0.8 3,925 102.9 3.10

1) Peak area analyzed by using FT-IR (Agilent technology Cary 630).
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Table 4. Emulsion Properties of Self-emulsifiable Polyethylene Waxes Containing Single Emulsifier

Emulsion Size”, um
Self-Emulsifiers Emulsifier 1 Emulsifier Concentration, wt% Appearance”
D507 D90Y
SE-LAES LAE-5 10 5.02 28.77 bad
SE-LAE9 LAE-9 10 5.48 15.36 bad
SE-LAEIS LAE-15 10 7.04 43.95 Good
SE-CAES CAE-5 10 10.31 23.13 bad
SE-CAEL5 CAE-15 10 5.42 29.64 Good
SE-OAES OAE-5 10 13.00 41.26 bad
SE-OAE20 OAE-20 10 5.99 31.90 Good
SE-SAE14 SAE-14 10 7.00 23.13 Good
SE-SAE20 SAE-20 10 5.71 29.64 Good
SE-LAES LAE-9 7.5 5.94 19.42 bad
SE-LAEI5 LAE-15 7.5 7.34 29.62 bad
SE-CAE1S CAE-15 7.5 6.89 21.51 bad
SE-OAE20 OAE-20 7.5 6.51 22.28 bad
SE-SAE20 SAE-20 7.5 6.32 17.69 bad
SE-LAES LAE-9 5.0 28.95 93.06 bad

1) Analyzed by using laser diffraction particle size analysis (Shimadzu SALD-2300).

2) Means emulsion size at the cumulation of 50%, also means median D.
3) Means emulsion size at the cumulation of 90%.

4) Analyzed by visual inspection of emulsion after storage for 3 days at room temperature.
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Table 5. Emulsion Properties of Self-emulsifiable Polyethylene Waxes Containing Binary Mixture Emulsifiers

Emulsion Size”, um

Self-Emulsifiers Emulsifier 1 Emulsifier 2 Appearance”
D50” D90Y

SE-LAES/LAE1S LAE-5 LAE-15 6.33 23.69 bad
SE-LAES/CAE15 LAE-5 CAE-15 4.58 20.92 Good
SE-LAES/OAE20 LAE-5 OAE-20 6.22 22.87 bad
SE-LAES/SAE14 LAE-5 SAE-14 5.33 19.55 bad
SE-LAES/SAE20 LAE-5 SAE-20 5.50 19.13 bad
SE-OAES/LAELS OAE-5 LAE-15 4.34 11.55 Good
SE-OAES/CAE1LS OAE-5 CAE-15 5.73 21.17 bad
SE-OAES/OAE20 OAE-5 OAE-20 4.80 11.12 bad
SE-OAES/SAE14 OAE-5 SAE-14 9.10 30.94 Good
SE-OAES/SAE20 OAE-5 SAE-20 6.54 25.47 Good
SE-CAES/LAELS CAE-5 LAE-15 8.51 31.69 Good
SE-CAES/CAE1S CAE-5 CAE-15 5.55 20.05 bad
SE-CAES/OAE20 CAE-5 OAE-20 5.66 1591 Good
SE-CAES5/SAE14 CAE-5 SAE-14 6.97 29.00 Good
SE-CAES/SAE20 CAE-5 SAE-20 7.64 28.78 Good

1) Analyzed by using laser diffraction particle size analysis (Shimadzu SALD-2300).

2) Means emulsion size at the cumulation of 50%, also means median D.

3) Means emulsion size at the cumulation of 90%.

4) Analyzed by visual inspection of emulsion after storage for 3 days at room temperature.
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Figure 5. Particle size distribution of self-emulsifiable polyethylene waxes
prepared by using single emulsifiers at the concentration of 10 wt%.
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Figure 6. Particle size distribution of self-emulsifiable polyethylene
waxes prepared by using binary mixture emulsifiers at the concentration
of 10 wt%.
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Figure 7. Evolution of transmission profile for emulsion samples used
emulsifiers at the concentration of 10 wt% during 20 minutes at 45
C (profile is displayed every 2 minutes, from red to green) for : (a)
SE-SAE14, (b) SE-CAE15, (c¢) SE-LAE5/CAE15, (d) SE-OAES/
CAEl5, (e) SE-OAES5/LAEILS, and (f) SE-CAES/OAE20.
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Figure 8. Comparison of the kinetics of separation for emulsion
samples used emulsifiers at the concentration of 10 wt% during
measurement at 45 C, integral transmission in the range 120-130 mm
(sample bottom).
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Figure 9. Comparison of the kinetics of water separation for emulsion
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centrifugation with 4000 rpm at 45 C. Movement of the boundary
between wax emulsion and water traced at a transmission value of 25%.
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