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Physical Properties of Aramid and Aramid/Nylon Hybrid ATY for Protective
Garments relative to ATY Nozzle Diameter

La Hee Choil), Hyun Ah Kimz) and Seung Jin Kim""

)Dept of Textlle Engineering and Technology, Yeungnam University; Gyeongsan, Korea
YKorea Research Institute for Fashion Industry, Daegu, Korea

Abstract : This paper investigates the physical properties of aramid and aramid/nylon hybrid air jet textured filaments for
protective garmentsrelative to ATY nozzle diameters. Three types of para-aramids(840d, 1,000d, 1,500d) and nylon(420d)
filaments were prepared; in addition, 840d aramid/420d nylon and three kinds of aramid filaments were texturized with
a variation of air jet nozzle diameters(0.6, 0.75, 1 and 1.2 mm) on the AIKI air jet texturing machine. The measured phys-
ical properties of 16 specimens are as follows. The linear densities of aramid and aramid/nylon hybrid ATY increased with
a larger nozzle diameter. The tenacity and initial modulus of aramid and hybrid ATY linearly decreased with a larger nozzle
diameter; in addition, the breaking strain increased with the nozzle diameter. The dry and wet thermal shrinkage of hybrid
ATY increased with a larger nozzle diameter from 0.6 mm to 1 mm and then decreased at a nozzle diameter of 1.2 mm
(which seems to be a critical diameter). The wet and dry thermal shrinkage of aramid/nylon hybrid ATY are influenced
by the nylon part of the hybrid yarns because the wet and dry thermal shrinkages of aramid ATY are less than 0.2%. The
instabilities of aramid and aramid/nylon hybrid ATY were not influenced by the air jet nozzle diameter; however, they

increased with the linear density of ATY.
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21 A2 ¥ 3™ =

B AFoA AEE YA A]EE Heracron® para-aramid
840d(High tenacity type), 1,000d, 1,500d(Standard tenacity
type) A} nylon 273 EAL 420d2A4] Table 19 ARE-E A2
EAAS HAh o] WUAME AMEEF Fig. 19 H air jet

texturing machine(Japan, AIKI)®llA] para-aramid/nylon hybrid

Table 1. The physical properties of materials used for specimen

. . . Initial
o oy B s et
(g/d)
840 26.5 3.6 800 Heracron
Para-aramid 1,000 23.0 33 720 (Kolon Co.
1500 230 32 720 Lid)
Nylon 420 8.77 23.07 -
?‘\ﬁ Effect

Drav Pin

Hot plate

% Core nozzle

F/R 2

F/R 3
Heater

F/R 4

Fig. 1. ATY process.
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Fig. 2. Nozzles used in this research.

Table 2. The ATY specimens according to nozzle diameter

Specimens Nozzle Fixed
P diameter(mm) conditions
Core: P-aramid 1 0.6 * Yarn speed : 2%0 m/min
340d 2 0.75 e Core O/F : 8.7%
* Effect O/F : 16.7%
Effect: Nylon 3 1 . 2
420d * Air pressure : 10 kg/cm
4 1.2 *No heater
5 0.6
Core: P-aramid 6 0.75
840d 7 1
8 1.2
? 06 * Yarn speed : 220 m/min
Core: P-aramid 10 0.75 e Core O/F : 8.7%
1,000d 11 1 * Air pressure : 10 kg/cm2
12 12 *No heater
13 0.6
Core: P-aramid 14 0.75
1,500d 15 1
16 1.2

ATY+E core F-5o| QHI= 8.7%Z para-aramids effect -
o LHIE 16.7%=Z nylon FTA7A =5 U 4
10 kg/em?, 22]7 AAEEE 220 m/min®E FAZRAS 74
AI71AL A ATY &9 A7E& 06, 075, 1, 1.2mmZ v}
o] FHEAM 7R A ZE WHEUTE 28]3 para-aramid ATY
+ 840d, 1,000d, 1,500d °}PI=E Z}Z; core LHI=E
8.7%% F|EAZ|IL F7IHS 10 kg/em®, AR 220 m/min
2 23 @A ATY =F A4S vRE 27 i A
12714 A|lBE AZ3IATE Fig. 20 £ Aol AMgd =&
o] AFS Ho|d Table 20| AZE 16714 A EE et

22 NE 2218 54 &5

Air jet texturing =59 A7 ®slol| wgt Az 167H]
AR =Ed EAE T 2ol HASATE. Testomeric
MICRO 350& Al&3le] AlE7Z°] 100mm, test speed
100 m/min® A& F 105] A ES st deid=, 4
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Table 3. Assessment of yarn physical properties

Measuring Measuring

. . Detail method Standard
item equipment
Denier Warp Reel sample length: 90m  ISO 2060
Tensile Testometric sample length : 100 m
property MICRO 350  test speed : 100 mm/min KSK 0520
Thermal Dry-(heat chamber) 180°C, 30min
. o . KSK 0215
shrinkage ~ Wet-(Water bath) 100°C, 30min
. . Instability 1(%) Heberlein
Instability Scale and weight —[b-a/a]x100 test method
Microscope iCamscope-305A x40
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ATY 840d, 1,000d, 1,500d A8 AYUw7} 23% Z713HS
o 53] 0.6 mmet 1.2mm 373 =58 vlus|e
AUt 1,000d2 1,500d8 2-3%A % Z718R 840d2)
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mCore: PA 840d, Effect: Ny 420d
OPAS40d
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oPA 1500a

1600.5

2000

1500
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Yarn number(d)

500

Nozzle diameter (mm)

Fig. 3. Yarn linear density of specimens according to the ATY nozzle
diameter.
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Fig. 4+ para-aramid/nylon hybrid ATY$} para-aramid
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Fig. 55 ATY x=Z&37d¢| wZ para-aramid/nylon hybrid
20 —— Core: PA 840d
—®— Core: PA 1000d
_ 15 - A- Core: PA 1500d
% . —— Core: PA 840d,
; ----- 1 Effect: Ny 420d
Bt 10 —-————
g !l 0 T/, TR T
=
Y
=
5
0

0.6 0.75 1 1.2

Nozzle diameter (mm)

Fig. 4. Tenacity of specimens according to the ATY nozzle diameter.

12

—&— Core: PA 840d

—®— Core: PA 1000d

Breaking strain (%)
=)

- A- Core: PA 1500d

—&— Core: PA 840d,
Effect: Ny 420d

0.6 0.75 1 1.2
Nozzle diameter (mm)

Fig. 5. Breaking strain of specimens according to the ATY nozzle
diameter.
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Fig. 62 ATY xZZ|7] wWE hybrid ATY®} para-aramid
ATYS] Z71ed 82 H3E Bt =Z 7o) 0.6 mmolA
12mm=zZ 371e W ATY ZHES] 27|83 EL hybrid
ATYS] 7% 218 g/dollM 82 g/dZ 37.6%2] 7S HolH 840d
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350

—=— Core: PA 840d
300 | —e— Core: PA 1000d

250 ~-&--Core: PA 1500d
N —+— Core: PA 840d,
Effect: Ny 420d

200 |
150 |

100 |

Initial modulus(g/d)

50 |

0.6 0.75 | 1 \ 1.2

Nozzle diameter (mm)

Fig. 6. Initial modulus of specimens according to the ATY nozzle
diameter.
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Fig. 72 para-aramid ATYS] =& 2|7 W3l W& AL
FES Uepdith =29 #7°] 0.6m oﬂAﬂ 12mmz F71}
of WZ para-aramid ATYS] AETHES T5ES HoA &
A 02% \Rke] e kS i o g =F A wE o
S W=l B7] oJHu) o= para-aramidile] EFEAJ<
g Ao 7191 }“ RAoZ AtEHETE 13} aramid/nylon
hybrid ATYS] 73%- AAH T ALFFEC] 4.5%~6.5%2] +
2E HolH ‘—Z‘«] 2740l 0.6 mmellA 1 mm= F7He o A
HIFEHES 4.79%1 629%2 1.5% 718k @4 Hola
ULk ol= Aol FTIEFE ARY] FryAo] WolR|A wEt
o] Ax7t ksl 580 FUIe 2R B F o,
12mmoAE 4.51%S Ho|B=E thh Zasdle 73S Bt
ol =224 12mmelA F7Ho] dAFOR HolHozA
420d nylon®] ATY WellAe] zje] @o] wAEe] 450
23lE] AA douf 55| hdhe S He ‘:]'3’— Ho
Aok, =3 hybrid ATYS] €458 5432 core

FEo] para-
7.0 PRy
S
60 wcore
% 5.0
<
4.0
E £
=
§ 0.3
=
£ 02
0.1
0.0
0.6 0.75 1 1.2

Nozzle diameter (mm)

Fig. 7. Dry heat shrinkage of specimens according to the ATY nozzle
diameter.
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6.0

5.0 I

4.0

3.0 J

0.2

‘Wet heat shrinkage (%)

0.1

0.0
0.6 0.75 1 1.2

Nozzle diameter (mm)

Fig. 8. Wet heat shrinkage of specimens according to the ATY nozzle
diameter.
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1.0

B Core: PA 840d

O Core: PA 1000d

0.8 ® Core: PA 1500d

 Core: PA 840d
Effect: Ny 420d

0.6

0.4

Instability 1 (%)

0.2

0.0

Nozzle diameter (mm)

Fig. 9. Instability of specimens according to the ATY nozzle diameter.
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Air jet texturing =5°] 27 wWslel] wz} AZE para-
aramid®} aramid/nylon hybrid ATYS] E2]% 549 WH3l=
vl - B8 A3 o5 22 4E8S Ak

1. ATY =& Z7o] S5l wet 371 2hRol &3t A}
e ZEEZR] F29lo] AF= AL FRdl £ ¥4
o] Wolx 9go] ZUA M para-aramid ATY(840d,
1,000d, 1,500d)2} aramid/nylon hybrid ATYS] AR=7} 7}
3

she & gelsisin

2. ATY =52] A7Fo] F713t mhe AR5 diidms}
27| ES MR sy ddlse 7] 134
o7 ke @4s Btk 53] =247l 0.6 mmelA

[e)

=5 =
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E 47 40%0014 60% 8 =R FA A hasiien Al
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=9 27 7F S7kekE @S UERth mEbA ATY =59 27 st
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B 5 3len, 12mmz FAo] S7HESE A FHo] F2 Avtell AA e FH o= Axe] SV dAZE v
Fo] WolT ool XA AL A T+ A A % % Ak
The type of .
Core: PA 840d
yarn . Core: PA 840d Core: PA 1000d Core: PA 1500d
Effect: Nylon 420d

Nozzle(nm)

0.6

0.75

1.0

1.2

Fig. 10. Microscope photograph of specimens according to the ATY nozzle diameter.
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