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Characterization of Test Fabricsfor Longworth Industries, Inc.

Two knit fabrics, submitted by Longworth Industries, Inc., to the Center for Research on Textile
Protection and Comfort (T-PACC) in the College of Textiles at North Carolina State University,
were characterized for selected physical, moisture management, and thermal properties. The
purpose of this report is to describe the test methods used and to present the results.

Test Materials

Samples were tested as received, or following a specified number of laundry cycles asindicated by
the test method, or asrequested. Samples are identified as 1838 and 1874. Laundered samples
use the same identification followed by the number of launderings, i.e. SW.

Test Methods

Unless otherwise stated, tests were performed in the standard atmosphere laboratory condition of
70 + 3°F (21°C), 65 + 5%RH.

Physical Properties

Weight
Weight is measured according to ASTM D 3776 small swatch option. Three 6 x 6 inch specimens
are weighed on an analytical balance and the weight is calculated in mass per unit area (oz/yd?).

Tablel. Weight

----------------------------------- Grams® ----------mcemmmmeee oo
Sample ID 1 2 3 4 5 6 Avg. (ozlyd?)
1838 5.16 512 5.09 511 5.10 5.00 5.10 6.47
1874 4.64 4.66 4.62 4.64 4.69 4.66 4.65 5901

* Weight of a6 x 6" sample.

Thickness
Sample thickness, reported in millimeters, was measured according to ASTM D 1777 using the
Thwing-Albert Electronic Thickness Tester. Pressure on the sample was 3.3 ps.



Table 2. Thickness

Sample ID 1 2 3 4 5 6 7 8 9 10 Avg.

1838 069 066 068 0.67 067 068 069 066 0.67 0.67 0.67

1874 055 058 058 059 059 061 059 058 059 057 058

Fiber Analysis

The fiber content of the two test materials was determined following procedures indicated in
AATCC Test Method 20 Fiber Analysis: Quantitative. The fabrics were tested in duplicate. The
Rayon was chemically removed with 70% Sulfuric Acid.

Table 3. Fiber Content

Sample ID Rayon (%) Modacrylic (%)
1838 18.93 81.07
1874 19.49 80.51

Colorfastness

Crocking
The colorfastness of the test materials was measured according to procedures listed in AATCC

Test Method 8 Colorfastness to Crocking: AATCC Crockmeter Method. A colored test
specimen is rubbed with white crock test cloth under controlled conditions, both dry and wet.
Any color transferred to the white test cloth is assessed by a comparison with the Gray Scale for
Staining and a grade is assigned.

Table4. Colorfastnessto Crocking

Gray Scale Rating*
Sample ID Dry Wet
1838 5.0 5.0
1874 5.0 5.0

* 5= no stain or transfer; 1 = very severe stain or transfer



Xenon Light

The two test materials were tested using Option E of AATCC Test Method 16 Colorfastness to
Light. Exposures were performed in an Atlas Ci3000+ fadeometer. The light source is a water-
cooled xenon lamp. Asrequired by AATCC standards for method 16E, the light emitted from the
lamp was filtered using borosilicate and soda lime glass to provide wavelengths of light similar to

sunlight through window glass. Tested in duplicate, samples were exposed for 20 hours of
continuous light.

Evaluation of color fading after exposure was done using the AATCC Gray Scale for Color
Change. The samples are rated for overall color change using a scale of 1 to 5, with 5 indicating
no change.

Table5. Colorfastnessto Light

Gray Scale Rating*
Sample ID Replicate A Replicate B
1838 4-5 4-5
1874 5 4-5

* 5= No changein color.

Laundering

AATCC Test Method 61 Colorfastness to Laundering, Home and Commercial: Accelerated was
used to evaluate the two test materials. After one cycle, usng AATCC standard reference
detergent WOB and multifiber fabric #10, the two test materials were rated for fading and
staining.

Table 6. Colorfastnessto Laundering

Fading* | = e Staining** --------------------
Sample ID Wool Acrylic Polyester Nylon Cotton Acetate
1838 5 5 5 5 5 5 5
1874 5 5 5 5 5 5 5

* Gray Scale for Color Change; 5 = negligible or no change.
** Gray Scale for Staining; 5 = negligible or no color transfer.



Air Permeability

Air permeability is measured according to ASTM D 737 using the Frazier Permeability Testing
Machine. This method directly determines the air permeability of a textile fabric by the calibrated
orifice method. The air flow rate through a known area of fabric is adjusted to secure a
prescribed pressure differential between the two fabric surfacesin the test area. From this rate of
flow the air permeability of the fabric is calculated in cubic feet/ square ft minute.

Table7. Air Permeability

----------------------------- L1 ——
Sample ID 1 2 3 4 5 6 7 8 9 10 Avg.
1838 443 435 455 447 451 459 451 455 459 451 451
1874 4055 401 419 410 4145 401 410 419 410 4055 410

Pilling

Pilling was tested using the random tumble method (ASTM D 3512), which tests resistance to the
formation of pills. Specimens were evaluated after 30 minutes in the pilling tester. After each test
period, the degree of pilling on each specimen was evaluated subjectively by comparing it to the
ASTM photographic pilling standards. A rating of 1 to 5 corresponding to the visual appearance
of pills was assigned to each specimen. A rating of 1 = "very severe pilling", designates the worst
performance, and arating of 5 = "no pilling", is the best performance. Both sides of the test
fabrics are rated and results are reported separately.

Table 8. Pilling Ratings*

---------- Rating of Face ----------
Sample ID 1 2 3 Avg.
1838 25 3 3 2.8
1874 3 35 3 3.2

* 1 = very severe pilling; 5= no pilling.

Cleaning Shrinkage

The dimensional change of the test fabrics was done according to AATCC Test Method 135.
Prior to laundering, three 18-inch gauges were marked on the fabric specimen in both the wale
and course directions. After laundering, the pairs of bench markers are measured again. Percent
dimensional change is calculated by using the following formula:



S=B-A x 100
A

Where S = Shrinkage
A = original dimension
B = laundered dimension

The washing and drying conditions were designated as. machine cycle 1, wash temperature I11
and drying procedure Aiii.

Table 9. Dimensional Change

Measurement * Difference 2 Change®
Sample ID Waes Courses Waes Courses Waes Courses
- replicate (avg. mm)  (avg. mm) (avg. (avg. mm) (%) (%)
mm)
After One Wash
1838 -1 17.25 17.78
-2 17.06 17.66
-3 17.25 17.56
Average 17.19 17.67 -0.81 -0.33 -81 -33
1874 -1 17.06 17.69
-2 17.25 17.41
-3 17.19 17.75
Average 17.17 17.61 -0.83 -0.39 -83 -39
After 3 Washes
1838 -1 17.03 17.66
-2 16.94 17.13
-3 17.00 17.44
Average 16.99 17.41 -1.01 -0.59 -101 -59
1874 -1 16.91 17.41
-2 16.94 17.50
-3 16.88 17.69
Average 16.91 17.53 -1.09 -0.47 -109 -47
After 20 Washes
1838 -1 16.69 17.56
-2 16.56 17.31
-3 16.84 17.59
Average 16.70 17.49 -1.30 -0.51 -130 -51
1874 -1 16.69 17.56
-2 16.88 17.44
-3 - 17.81
Average 16.78 17.60 -1.22 -0.40 -122 -40

! Derived from triplicate markings for each sample replicate.
2 Original dimension = 18 inches
3 Calculated value using formula for dimensional change.



Bursting Strength

Bursting strength was measured according to ASTM D 3787-01 "Standard Test Method for
Bursting Strength of Textile Fabrics - Constant Rate of Traverse (CRT) Ball Burst Test."
Specimens are fastened securely, without tension, in aring clamp on the CRT testing machine. A
force is exerted against the specimen by a polished, hardened steel ball until rupture occurs.

Table 10. Bursting Strength

Replicate Measurements (pSl) -
Sample ID 1 2 3 4 5 6 7 8 9 10 Avg.

1838 101 95 91 86 102 90 98 97 98 97 96

1874 9% 95 9% 99 90 100 9% 101 95 9% 96

Stretch Recovery and Compression

The Kawabata Evaluation System (KES) is used to make objective measurements of hand
properties. With low forces applied, the KES instruments measure mechanical properties that
correspond to the fundamental deformation of fabrics in hand manipulation. Two tests were
selected out of the five different tests that can be performed using KES. The main mechanical
characteristics of these tests are described below.

Samples were conditioned and measurements were made using the standard specimen size of 20 x
20 cminthreereplications. All measurements are directional, except for compression, and are
made in both the warp/ lengthwise direction, and in the filling direction of the sample.
Appropriate instrument settings are used for the material being tested.

Tendle
The tensle test, done on the KES-FB1 Tensle- Extendsto
maximum force

Shear Tester, measures the stress/strain
parameters at the maximum load of 25 gf/cm for
high sensitivity knit materials.

EMT -extenshility or stretch, percent strain at
maximum applied force
100% = completely elastic,
0% = completely inelastic
Higher values indicate a stretchier
meaterial.

Figure 1. KES- FB1 Tensle Tester

RT - tenslereslience, percent
Indicates the recovery of deformation from strain, or the ability to recovery from



stretching, when the applied force is removed.
Higher values indicate greater recovery from having been stretched.

Table 11. Detailed KES Tensle Data

- WT & eeee e RTPees e LT ©----- - EMT ¢ ---
Tensile Energy Tensile Resilience Linearity of Extensibility
Load-Extension Curve
Sample ID - (of - cm/cmz) (%) (--) (%)
replicate (W) © (W) © (W) © W) (©
1838-1 0.69 128 4436 5518 0.45 053 6.10 976
-2 0.77 133 46.23 53.76 0.44 0.52 6.98 10.20
-3 0.74 119 4573 47.86 0.43 0.51 6.87 9.43
Avg. 0.73 127 4544 52.26 0.44 0.52 6.65 9.80
W+C 1.00 48.85 0.48 8.22
1874 -1 0.67 106 52.75 49.88 0.52 0.56 522 7.58
-2 0.64 101 5317 4327 0.51 0.52 5.02 7.83
-3 0.63 0.99 5128 4531 0.46 0.57 542 7.00
Avg. 0.65 1.02 5240 46.15 0.50 0.55 522 7.47
W+C 0.83 49.28 0.52 6.35

Note: W = waledirection; C = course direction

& Higher value corresponds to higher extensibility, but must be interpreted in conjunction with LT.
® Higher value indicates better recovery from deformation of strain.

°Values from 0 to 1 with 0 = extremely nonlinear and 1 = completely linear.

4 Strain at maximum load with 100% = complete elasticity and 0% = complete inelasticity.

Compression
Compressional properties of a2 cm? area, were measured

with the KES-FB3 Compression Tester at 0 to 50 gf/cn? for
woven materials.

EM C -compressibility, percent
Initial thickness measurements compared to the
thickness of the sample at maximum applied force.
A higher value indicates greater compressibility.

RC - compressional resilience, percent

The extent of recovery, or the regain in thickness,

when the force is removed.
Higher RC values indicates a higher percent recovery
from being compressed.

Figure 2. The KES-FB3
Compression Tester




Thickness - a2 cm? area measured at 0.5 gf/cm? and reported in millimeters.

Table12. KES Compression Data

- WC?-- --RC"-- --LC®-  -—-EMCY-- Thickness*
Sample ID Compressional Compressional Linearity of  Compressibility
Energy Resilience Compression

- replicate (gf-cm/cm?) (%) ) (%) (mm)
1838 -1 0.60 34.29 0.48 42.79 1.17
-2 0.59 33.60 0.44 44.96 1.18
-3 0.59 33.07 0.47 44.02 115
Avg. 0.59 33.65 0.46 43.92 1.17
1874 -1 0.50 3341 0.40 47.37 1.07
-2 0.46 33.09 0.46 41.80 0.97
-3 0.50 32.72 0.47 42.78 1.00
Avg. 0.49 33.07 0.44 43.98 1.01

*Thickness of a 2cm2 area at 0.5 gf/cm2.

& Larger value corresponds to higher compressibility.

® Higher values mean higher percent recovery from being compressed.

¢ Values from 0 to 1 with 0 = extremely nonlinear and 1 = completely linear.
9 Higher values indicate greater compressibility.

M oisture M anagement Properties

Wicking

Fabric specimens, sized 6 by 6 inches, were prepared and conditioned in the standard atmosphere
laboratory for textile materials (ASTM D 1776). For the face side wicking test, a specimen islaid
flat on a glass plate with backside up. One drop of distilled water is placed in the center of the
specimen and a stopwatch is started. The specimen is turned over on the glass plate so that the
specimen face isup. The diameter of the wicked water areais measured at the end of 10 seconds.

Table 13. Wicking

---------- Centimeters ----------
Sample ID 1 2 3 Avg.
1838 2.00 2.10 2.00 2.03
1874 1.90 2.20 2.00 2.03




Water Sorption

Test specimens are laid flat on a glass plate with backside up. One drop of distilled water is
placed in the center of the specimen and a stopwatch started. The water drop is observed and the
time recorded for the watermark to disappear.

Table 14. Sorption

---------- Minutes ----------
Sample ID 1 2 3 Avg.
1838 9.35 9.50 9.43 9.43
1874 1.07 10.08 10.15 10.10

Absorption: Demand Wettability

Pictured in Figure 3, the Gravimetric Absorbency
Testing System (GATYS) is used to characterize the
rate of absorbency and total absorbent capacity of
the test fabric. Thistest of wettability on demand
indicates the lateral wicking ability of the fabric, or
the ability of the material to take up liquid
spontaneoudly in the direction perpendicular to its
plane. To conduct atest, the test specimen is
positioned on a plate that contains numerous fine
pores. This permits the test specimen to contact
the entire area, and thus provides a more accurate
simulation of afabric in contact with sweat-wetted
skin. The amount of fluid lost from the reservoir is Figure 3. GATS
recorded as a function of test duration.

The reported absorption measurement parameters include:

Wy  dry weight of the conditioned sample specimen, grams

W,  wet weight of the sample specimen at the end of the test, grams

\ amount of water passed from the reservoir during 1000 seconds, grams

T time, minutes. Thisisthe point where the extrapolated absorption and
evaporation areas of the curve intersect.

The reported absorption parameters calculated from the above measurements include:

C absorbent capacity, grams, (W,, - Wy)
The amount of water contained in the sample at the end of the test.
Higher values indicate more moisture is absorbed.

Q absorbency rate, g/min



The rapid rate of fluid loss, indicated by the high dope in the initial phase of the
test.
Higher values are generally desirable - meaning moisture is absorbed faster.

Evaporation parameters calculated from the above measurements include:

Ep percent evaporation, ((V - C)/V)*100
Indicates ratio of evaporated moisture to moisture absorbed.
Higher values are generally desirable - meaning more moisture is evaporated.

Table 15. Absorption Test Data

------ Measurements ------ | -------------------- Calculations --------------------
Wy W, V T c? Q° ES
Dry Wet Water Absorption
Weight Weight from Absorption Capacity Absorbency Percent
Sample ID Reservoir Time Wy - Wy Rate Evaporation
- replicate (grams) (grams)  (grams) (min) (grams) (g/ min)
1838 -1 1351 5791  5.409 0.915 4.440 2.804 17.92
-2 1350 5.859  5.355 0.924 4.509 2.630 15.81
-3 1393 6.001 5507 1.454 4.608 1.758 16.32
-4 1336 5688 5.236 1.081 4.352 2.201 16.88
-5 1362 5699 5176 0.917 4.337 2.977 16.20
Avg. 1.358 5808 5.337 1.058 4.449 2474 16.63
1874 -1 1.218 5.088 4.688 1.067 3.870 2.471 17.45
-2 1192 4910 4.515 1.158 3.718 2.143 17.66
-3 1236 5010 4.539 0.781 3.774 3.212 16.85
-4 1196 4.840 4.452 0.923 3.644 3.572 18.14
-5 1191 4836 4419 0.967 3.645 2.588 17.51
Avg. 1.207 4937 4523 0.979 3.730 2.797 17.52

@ Higher value are generally desirable indicating that moisture is absorbed.
® Higher values are generally desirable - meaning moisture is absorbed faster.
¢ Indicates ratio of evaporated moisture to moisture absorbed; higher values are generally desirable.
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Drying Behavior

Thistest, pictured in Figure 4, is performed to determine
the drying rate, or time until dry, of a saturated fabric.
After the dry weight of the sample specimen is recorded,
the average maximum absorption capacity value (C)
obtained during the demand wettability test as described
above, is used as the initial amount of water to be added
to the dry test specimen. After saturating the fabric, the
wet weight is determined, a constant airflow over the
test plate is created, and timing is started. Weight is
recorded after 10 minutes intervals. When weight is
constant for successive readings, the final weight is
recorded. Time needed for fabric to dry from saturation
is reported in minutes.

Figure 4. Drying Instrumentation.

Table 16. Detailed Drying Time*

----------------- Specimen Weight -----------------
Sample Time 1 2 3 Avg.
ID (min.)
1838 0 4511 4516 4516
10 4.244 4.263 4.214
20 3.998 4.024 3.933
30 3.739 3.775 3.633
40 3.469 3.524 3.351
50 3.204 3.284 3.075
60 2.940 3.040 2.788
70 2.680 2.794 2.502
80 2.419 2.552 2214
90 2.164 2.310 1.933
100 1.904 2.065 1.647
110 1.652 1.824 1.361
120 1.403 1.587 1.090
130 1.154 1.348 0.815
140 0.904 1.110 0.538
150 0.663 0.879 0.283
160 0.421 0.649 0.070
170 0.186 0.417 0.010
180 0.038 0.197 0.006
190 0.009 0.045 0.005
200 0.005 0.011 0.005
210 0.004 0.008 0.004 213
220 0.004 0.007 0.004
230 0.003 0.007 0.003
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Table 16. Detailed Drying Time* (continued)

----------------- Specimen Weight -----------------
Sample Time 1 2 3 Avg.
ID (min.)
1874 0 3.786 3.789 3.789
10 3.514 3.529 3.467
20 3.254 3.278 3.153
30 2.997 3.032 2.846
40 2.743 2.780 2.548
50 2.489 2.533 2.243
60 2.233 2.286 1.940
70 1.980 2.043 1.654
80 1.729 1.798 1.359
90 1.473 1.552 1.066
100 1.214 1.303 0.775
110 0.965 1.063 0.494
120 0.721 0.829 0.231
130 0.472 0.590 0.031
140 0.233 0.358 0.007
150 0.047 0.139 0.007
160 0.010 0.021 0.006
170 0.008 0.007 0.005 173
180 0.008 0.006 0.005
190 0.007 0.006 0.005

* Higher drying time value indicates longer for added water to evaporate during testing.

Water Repellency

AATCC Test Method 22 Water Repellency: Spray Test was used to evaluate the two test
materials prior to and after 5 wash/ dry laundry cycles per AATCC 135 (1-111-A(ii) (105°F)).
Repellency was rated using the Standard Spray Test Ratings, where 100 = no wetting and 0 =
complete wetting of upper and lower surfaces. Repellency is reported in the table below and is
for the face and back of three specimens per sample.

Table17. Water Repellency

Asreceived After 5 wash/ dry cycles
Sample ID 1 2 3 1 2 3
1838 0 0 0 0 0 0

1874 0 0 0 0 0 0




Thermal Properties

Thermal Protective Performance

Thermal resistance was measured using the CS| Thermal Protective Performance (TPP) Tester
according to NFPA 1971 Standard on Protective Ensemble for Structural Fire Fighting; Section

6-10 of the 2000 edition.

TPP values are the product of the incident heat flux and the recorded tolerance time to second

degree burn. Graphical presentation of test results can be found in Appendix A. Plots provide a
representation of the heat flux for each test fabric as it comparesto the theoretical Stoll curve for
development of second degree burns.

These data characterize the properties of materials or assemblies in response to thermal energy
under controlled laboratory conditions and should not be used to appraise the safety benefits or
risks of materials, products, or assemblies under actual fire conditions. They are the result of a
particular laboratory exposure; extrapolations to other types of heat exposures or different
combinations of radiant and convective assaults cannot be made. The correlation between this
laboratory measurement of a protective index and field protective performance is unknown, and

no claims are made. While there are many precedents for using the Stoll criteria to predict human

tissue tolerance to thermal exposure, this practice is not without scientific controversy.

Table 18. TPP Values* for Unwashed and Washed Five Times

Tolerance Timeto
Sample 2nd Degree Burn TPP Value
Name (seconds) (cal/cm?)

1838 -1 2.76 5.63
-2 3.11 6.34
-3 2.85 5.81
-4 294 6.00
-5 281 5.73
Average 2.89 5.90
1838-5W -1 3.37 6.87
-2 3.12 6.36
-3 3.15 6.43
-4 3.24 6.61
Average 3.22 6.57
1874 -1 3.26 6.65
-2 3.04 6.20
-3 294 6.00
-4 3.07 6.26
Average 3.08 6.28
1874- 5W -1 3.36 6.85
-2 3.28 6.69
-3 3.23 6.59
Average 3.29 6.71

*Calibration value of 2.04; ¥4" spacer was used.
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Vertical Flame

ASTM D 6413 Standard Test Method for Flame Resistance of Textiles (Vertical Test) was used to
measure the vertical flame resistance of the test materials. Specimens are positioned vertically above a
controlled flame and exposed for a specified period of time. The flame is then removed, and afterflame
time and afterglow time are recorded. Additionally, char length under a specified force is measured and
evidence of melting or dripping is noted.

Table 19. Vertical Flame on Unwashed Samples

Afterflame | Afterglow | Char Length
Sample ID Replicate (9 (9 (in) Comments
EXP 1838 wales 1 0 0 5
2 0 0 53/4
3 0 0 41/8
4 0 0 6
5 0 0 5
Average 0 0 5.18 None
EXP 1838 courses 1 0 0 51/8
2 0 0 51/4
3 0 0 5
4 0 0 33/4
5 0 0 41/8
Average 0 0 4.65 None
EXP 1874 wales 1 0 0 31/8
2 0 0 5
3 0 0 45/8
4 0 0 5
5 0 0 51/2
Average 0 0 4.65 None
EXP 1874 courses 1 0 0 47/8
2 0 0 45/8
3 0 0 47/8
4 0 0 51/4
5 0 0 51/4
Average 0 0 4.98 None
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Table 20. Vertical Flame on Washed Samples

Afterflame | Afterglow | Char Length
Sample ID Replicate (9 (9 (in) Comments
EXP 1838 5x wash 1 0 0 33/4
wales 2 0 0 4
3 0 0 47/8
4 0 0 43/4
5 0 0 47/8
Average 0 0 4.45 None
EXP 1838 5x wash 1 0 0 41/2
courses 2 0 0 51/2
3 0 0 47/8
4 0 0 45/8
5 0 0 51/2
Average 0 0 5.00 None
EXP 1874 5x wash 1 0 0 51/8
wales 2 0 0 37/8
3 0 0 45/8
4 0 0 51/2
5 0 0 41/2
Average 0 0 473 None
EXP 1874 5x wash 1 0 0 41/2
courses 2 0 0 51/8
3 0 0 41/2
4 0 0 43/4
5 0 0 51/4
Average 0 0 4.83 None
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Thermal Stability

Submitted fabrics were evaluated for thermal stability as described in NFPA 1971 Sandard on
Protective Ensemble for Structural Fire Fighting 2000 edition. However, it must be noted that
due to the slow recovery time associated the instrument (oven), not all specificationsin the
standard could be met. It is unknown whether the wind speed in the oven meets the specifications
in the standard since it could not be measured.

Fabrics were tested as received and after 5 laundry cycles (AATCC Test standard 135-1.V.Al).
Test specimens (15 x 15 in.) of each material were cut and marked in preparation for testing.
Each specimen was attached to a cloth hanger and placed in a 500 °F oven. Due to the Slow
recovery time of the oven, the timing of the test started when the oven reached 490°F instead of
500°F. Thistemperature (490°F) was obtainable within one minute of opening the oven doors,
as specified in the standard. Five minutes after the start of the test, the samples were removed
from the oven, inspected, and measured for thermal shrinkage.

Figures 5 and 6 present the results of thistest procedure. It should be noted that the samples
carbonized and could not be measured as prescribed by the test standard. As such, only one
specimen for each sample, as received and laundered 5 times, were tested. Due to the carbonized
condition of the fabrics it was not possible to distinguish between the two samples or to determine
the direction of the material. Therefore no measurement of thermal shrinkage was possible.

Care must be exercised in interpreting these test data or in deriving conclusions concerning the
safety benefits from these data. These data are the results of a particular laboratory exposure;
extrapolations to other types of heat exposures cannot be made.
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Figure 5. EXP 1838 before and after Figure 6. EXP 1874 before and
thermal shrinkage test after thermal shrinkage test

Appendix A:
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