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Abstract

The purpose of this study was 1) to estimate the improvement of thermal storage/release

and moisture transport properties of PEG-treated acrylic athletic socks and suggest the

optimum add-on for PEG treatment, 2) to investigate wear performance of untreated socks

and two kinds of socks treated with PEG of minimum and optimum add-on respectively, and

3) to consider the effect of thermal storage/release and moisture transport properties of PEG-

treated socks on the wear performance and the subjective comfort zone.

Thermal activities of specimens treated by PDC were evaluated on a DSC by measuring the

heat of fusion on heating and the heat of crystallization on cooling. Moisture regain,

absorption speed, wickability, water retention value, and water-vapor permeability were

measured. In the wear trials that the subjects performed a subsequent exercise protocol

wearing three differently treated socks in a conditioned environment (14+2°C, 65+2% R.H.),

microclimate temperature and humidity, and subjective wear sensations including thermal

sensation, wettedness, softness, fit, and overall comfort were obtained.

PEG-treated specimens with more than 20% add-on showed thermal storage on heating and

thermal release on cooling by a DSC and the heat contents of treated ones were generally

proportional to the add-ons. Moisture transport properties were highly improved after PEG

treatment and increased rapidly with increasing add-on. The tendencies were, however,

relaxed above 50% add-on and the treated knits were much stiffer above that add-on. In the

wear trials of untreated, PEG add-on 20%, and 50% acrylic socks, the changes of microclimate

temperature of 50% socks were significantly less than that of 20% socks. PEG add-on 50%
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socks showed significantly less changes of microclimate humidity than other two kinds of

socks. Three kinds of socks showed significant differences in overall comfort and add-on 50%

socks were accepted more comfortable than other two kinds of socks. Comfort zone of foot
was extended after PEG treatment on socks and it implied that the subjects wearing PEG-

treated socks felt comfortable in wider ranges of microclimate temperature and humijdity.
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Table 1. Characteristics of Specimen
Fiber Yarn Yarn Fabric Thickness Weight Gauge
Components Type Number Construction (mm) (g/cm?) (wale X course/cm?)
Acrylics 85%
1x1 Rib and
Nylon 10% staple 36's/2 Pile Knitted 2.10 0.06 8x5

double knit

Polyurethane 5%

Table 2. Bath Ratio (o.w.b) of PEG Tsreatment and
Range of Add-ons

PEG ratic DMDHEU catalyst  add-on (%)

(%) ratio (%) ratio® (%)

40 8 3 19:+3
45 3 21+2
50 10 3 24%3
95 11 3 31x2
60 12 3 56t4
70 14 3 662

*MgCl6H;0/citric acid : molar ratio 5/1
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Table 3. Characteristics of Subjects
No. of age height weight foot length Body Surface Area*
Subject (years) (cm) (ke) (mm) (m?)
5 19 176 67 " 265 1.80
Sz 20 173 70 265 1.84
Sy 20 177 67 265 1.84
Sy 20 170 66 260 1.74
S; 19 170 66 260 1.74
Se 19 174 64 265 1.76
*DuBois Surface Area=H*"x W45 x 71 84
acclimatization exercise rest exercise | rest
I
12km
9km/hour /hour
0 20 30 40 45 60
Fig. 1. Protocol for Wear Test (min)
Table 4. Scales of Subjective Sensations
scale Thermal Sensation Wettedness Softness Fit Overall Comfort
1 very warm very dry very soft very tight very comfortable
2 watm dry soft tight comfortable
3 slightly warm indifferent dry slightly soft slightly tight indifferent
4 neutral moist neutral neutral uncomfortable
5 slightly cold dripping wet slightly harsh slightly loose very uncomfortable
6 cold harsh loose
7 very cold very harsh very loose
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Fig. 2. Comparison of DSC Scanning of Untreated
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Fig. 4. Effect of Add-on Heat of Fusion and Heat of
Crystallization.
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Fig. 8. Photographs of Untreated and Treated Specimens (SEM)
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Fig. 9. Effect of Add-On on Water Retention
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Fig. 11. Change of Microclimate Temperature with the Lapse of Time
Tahle 6. ANOVA F-test: Change of Microclimate Temperature of Socks
Period Source DF Type III 58 MS F value Pr>F
exercise 1 TRT 2 29.82861 14.914 3.87 0.023
Error 117 451.12235 3.855
rest I TRT 2 118.32661 59.163 14 .43 0.0001
Error 117 479.56047 4.098
exercise 11 TRT 2 17.17940 8.589 5.41 0.007
Error 57 90.53245 1.588
rest II TRT 2 96.70415 48.352 4.20 0.016
Error 117 2038.36607 11.516
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Table 7. Duncan’s Multiple Range Test : Change of
Microclimate Temperature of Socks

period uT Trt 1 Trt 2

exercise I -0.940°(M€aN) 5 7qg» 1.993
rest 1 11.375° 19.005° 14.348°
exercise II 8.447% 11.143° 8.798%
rest 11 35.560° 40.573° 42 240°

*Means with the same letter are not significantly
different

UT : untreated

Trt 1 ; PEG add-on 20% treated

Trt 2 . PEG add-on 50% treated
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Fig. 12. Change of Microclimate Humidity with the Lapse of Time
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Table 8. ANOVA F-test : Change of Microclimate Humidity of Socks
Period Source DF Type III S8 MS F value Pr>F
exercise [ TRT 2 11842.62395 921.311 14.38 0.0001
Error 117 48173.59027 411.740
rest I TRT 2 42894 .70682 21447 .353 12.90 0.001
Error 117 194520.22727 1662 .566
exercise JI TRT 2 729475502 3647.377 5.49 0.0066
Error 57 37841.45265 663.885
rest II TRT 2 88625.8899 44312 945 14.77 0.0001
Error 117 53096724477 2999 .814
Table 9. Duncan’s Multiple Range Test : Change of . #=2] ofdte] =

Humidity of Socks

period uT Trt 1 Trt 2
exercise [ 176.52° (mean) 95 5g> 99.57
rest 1 343.92° 302.01° 20144
exercise 11 14645 152.94° 97.70"
rest Il 503.92° 572.25° 365.65”

*Means w1th the same letter are not Slgmflcantly
different

UT : untreated

Trt 1. PEG add-on 20% treated

Trt 2 : PEG add-on 50% treated
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