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Abstract: The object of this research is to perform the basic research for the development of selectively permeable
membrane fabrics which is suitable for korean military in sense of embattlement. As a key factor of selectively
permeable membrane fabrics which is suitable for korean military, this study selected the best PVA thickness and
membrane selection for DMMP protection, pre-treatment method for conformational stability of face fabric and water/oil
repellent process condition. Especially as the PVA coating thickness of the fabrics increase, peneration of DMMP
decrease including water vapor permeation is lower. This study shows how physical features and permeability of chemical
agents can be influenced by pre-treatment methods, the selection of selectively permeable membrane, the thickness of
PVA etc. Results showed that outer shell / PVA / e-PTFE materials possessed performance with superior water vapor
permeation (Over 3,000 g/mz/day) and protective capability against DMMP vapor (0.6 rg/cn’ - 16hr).
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Table 1. Characteristics of fabrics used in this study

Fabric count

Fabric Thickness (thneads /inch) Welgzht
(mm) (g/m’)
Warp Weft
Nylon 66 0.2 87 73 136
T/C(6:4) 0.4 97 61 310
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Table 2. The recipe of PVA compound for film casting

Chemical Recipe(g) Component
PVA 11 Polyvinylalcohol
Diwater 70 Solvent
IPA 17 Solvent
Polycup 172 10 Crosslinking
Surfynol 104H 2 Wetting
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Figure 1. Diagram of DMMP penetration test.
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Table 3. Contraction percentage via pre-treatment

% Nylon 66 T/C
Contraction  ypgreated Treated Untreated Treated
Warp 45 15 .52 15
direction

Wet 2.4 0.5 3.0 -1.0
direction
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Table 4. Effect of fluorochemical concentration on water and oil repellency rating

Concentration(%o) Water repellency Oil repellency
cl:l]:lf“"c’al Cm:sgl::t“"g 0 Wash 5 Wash  N-Decane TEP DMMP BHP
1 0 3(80) 1(50) Fail Fail Fail Fail
2 0 4(90) 2(70) Fail Fail Fail Fail
3 0 5(100) 2(70) Pass Fail Fail Pass
3 1 5(100) 4(90) Pass Fail Fail Pass
4 0 5(100) 3(80) Pass Pass Pass Pass
4 1 5(100) 5(100) Pass Pass Pass Pass
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Table 5. Reflectance of IR camouflage printed Nylon 66 fabrics

Wavelength Charcoal Dark wood Dark olive green Forest green Land color
(nm) Range IR WR Range IR WR Range IR WR Range IR WR Range IR WR
600 3-18 41 39 418 63 63 4-18 87 84 6-18 74 73 1832 174 170
620 3-18 42 4.1 4-18 68 68 418 88 85 6-18 77 76 1832 19.0 18.6
640 3-18 45 44 418 73 72 418 92 89 620 81 80 1832 208 203
660 322 54 53 6-18 78 7.8 4-18 98 95 822 87 86 20-40 239 232
680 4-28 85 83 1224 114 113 622 134 13.0 12-30 125 124 28-48 34.1 33.1
700 12-28 159 158 1224 20.7 20.6 822 203 19.8 14-32 221 219 38-58 499 485
720 18-36 227 225 16-36 29.1 29.0 10-28 239 233 2246 30.1 30.1 38-58 59.0 57.5
740 18-36 262 26.1 16-36 33.8 33.8 16-28 262 257 28-52 344 345 46-72 61.6 60.2
760 24-40 303 302 2444 390 39.0 18-34 30.8 303 28-56 394 39.6 46-72 62.5 613
780 24-40 31.5 31.3 24-44 40.8 40.7 2240 32.1 315 34-64 409 41.0 46-72 629 61.7
800 28-46 342 349 30-52 452 451 2246 36.5 37.0 34-64 447 455 52-76 634 619
820 28-46 38.1 38.6 30-52 49.8 49.6 24-52 433 43.6 34-64 49.6 503 52-76 63.3 619
840 3248 42.1 425 34-58 538 534 24-54 500 50.0 40-70 539 544 52-76 63.6 62.3
860 32-48 455 458 34-58 564 559 24-58 545 545 40-70 56.7 572 52-76 639 62.8
880 36-56 47.0 472 38-64 57.7 57.1 34-64 569 56.8 40-70 582 585 52-76 63.8 62.6
900 36-56 46.6 46.8 38-64 577 572 34-64 577 575 46-72 582 586 52-76 63.0 61.9
920 40-66 46.6 46.8 44-66 57.8 57.1 38-72 58.0 57.8 46-72 582 58.6 52-76 62.7 61.7
940 40-66 483 484 44-66 583 577 40-74 587 584 50-80 58.8 59.2 52-80 632 623
960 40-66 514 51.5 44-66 59.4 587 40-74 59.7 593 50-80 59.8 60.2 52-80 64.0 63.1
980 44-68 549 548 44-68 604 596 46-76 60.5 60.2 50-80 609 612 52-80 64.6 63.7
1000 44-68 563 563 44-68 60.9 60.1 46-76 61.0 60.6 50-80 614 61.8 52-80 64.7 63.8
1020 46-70 56.0 55.8 44-68 609 60.1 50-80 61.0 60.5 50-80 614 61.7 52-80 64.4 63.5
1040 46-70 56.0 55.8 44-68 60.8 60.0 50-80 60.9 604 50-80 613 61.5 52-80 64.2 63.3

Table 6. Reflectance of IR camouflage printed T/C fabrics

‘Wavelength Charcoal Dark wood Dark olive green Forest green Land color
(nm) Range IR WR Range IR WR Range IR WR Range IR WR Range IR WR
600 3-18 41 42 4-18 32 33 4-18 53 53 6-18 6.7 6.5 1832 184 18.0
620 3-18 43 45 418 36 34 418 47 49 6-18 6.7 6.7 1832 19.0 18.7
640 3-18 55 56 418 34 35 418 47 48 620 77 75 1832 204 20.0
660 322 73 72 6-18 40 4.1 4-18 54 53 822 88 89 2040 242 242
680 4-28 10.1 102 12-24 68 70 622 62 63 12-30 124 122 2848 32.1 320
700 12-28 15.0 152 12-24 127 128 822 78 79 14-32 184 18.6 38-58 40.0 39.9
720 18-36 21.7 219 16-36 183 184 10-28 10.5 103 22-46 27.1 272 38-58 458 46.0
740 18-36 27.4 28.0 16-36 22.1 223 1628 13.2 139 28-52 345 346 46-72 49.1 493
760 24-40 319 32.7 24-44 253 251 1834 19.1 193 28-56 39.8 402 46-72 514 51.6
780 24-40 355 359 24-44 27.1 27.0 22-40 254 256 34-64 434 437 46-72 529 533
800 28-46 38.6 38.7 30-52 289 29.1 2246 31.5 31.8 34-64 464 46.1 52-76 554 55.0
820 28-46 409 41.5 30-52 314 31.6 24-52 374 375 34-64 487 489 52-76 578 574
840 32-48 43.1 44.1 34-58 34.1 340 24-54 42.0 419 40-70 514 512 52-76 59.6 59.3
860 32-48 4145 41.6 34-58 334 33.6 24-58 423 428 40-70 50.6 50.7 52-76 58.1 579
880 36-56 47.0 469 38-64 37.6 378 34-64 472 474 40-70 53.1 529 52-76 61.7 60.7
900 36-56 50.6 504 38-64 424 422 34-64 50.7 50.5 46-72 572 575 52-76 639 64.6
920 40-66 514 51.8 44-66 453 452 38-72 513 519 46-72 583 58.6 52-76 64.6 653
940 40-66 52.4 529 44-66 47.1 472 40-74 533 532 50-80 592 594 52-80 64.7 65.7
960 40-66 53.3 53.9 44-66 49.1 493 40-74 54.0 53.6 50-80 59.8 59.7 52-80 63.0 65.8
980 44-68 55.3 553 44-68 51.0 513 46-76 55.1 547 50-80 60.8 60.7 52-80 654 66.7

1000 44-68 56.1 56.2 44-68 52.7 529 46-76 55.1 553 50-80 612 614 52-80 663 67.0
1020 46-70 56.7 56.9 44-68 53.8 54.1 50-80 56.0 55.7 50-80 612 61.7 52-80 669 67.2
1040 46-70 56.7 57.9 44-68 552 554 50-80 563 56.5 50-80 623 62.5 52-80 672 67.9
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Table 7. Characteristics of electively permeable membranes

Thickness Breathability V.Vater

Membrane (um) (@m' - 24hr) resistance

(mmH;0)

Single e-PTFE 15 11,000 20,0007

Treated e-PTFE 22 9,500 20,0001
Bi-component

-PTFE 22 7,300 20,0001

PET 40 8,500 10,0001

Table 8. DMMP defense testing of selectively permeable

membranes
Membrane Structure Defense time[hr]
Single e-PTFE Pores 1.5
Treated e-PTFE Pores 2.0
Bi-component
Non-Pores 2.0
e-PTFE
PET Non-Pores 0.5
st 7o E Ao x+= Single e-PTFEL} Treated

e-PTFEE Al® B34 Hso zxuoz AHAs)
o AREE Az

3.4 PVA FH0l 2 DMMP A&t
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Azte] Azo] W44 PVA 4xe] £AE 25}
o 24¢ Brtsignh

(d)

Figure 2. SEM photographs of selectively permeable membranes: (a) Single e-PTFE, (b) Treated e-PTFE, (c) Bi-component

¢-PTFE, (d) PET.
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Figure 3. Breathability of selectively permeable membranes < Ad R o9 a4 FHE B
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Table 10. Evaluation of selectively permeable mutil-layer fabrics
Note 1 2 3 4
Total Weight(g/mz) 212 419 421 443
Outer Shell Nylon T/C T/C T/C
Layer 1 Single e-PTFE PVA (20/m) PVA (20/m) PVA (50/m)
Layer 2 PVA (50/m) Single e-PTFE Treated e-PTFE Treated e-PTFE
Layer 3 - PVA (10/m) PVA (10/m) -

liner

DMMP Transmissivity
(ug/cm'-16hr)

- Nylon (100m)

186.6 70.9

Nylon (100m)

60.0

Nylon (100m)

0.6

*QOuter shell weight(g/mz):

Nylon(150g/m’), T/C(320g/m’)

Textile Coloration and Finishing(J. Korean Soc. Dye. and Finish.), Vol. 26, No. 1
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