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Received_February 12,2018  Abstract The near infrared ray camouflage fabric has a near infrared ray reluctance
Revised_March 21, 2018 similar to the surrounding environment and has a camouflage effect on the surrounding
Accepted_March 23, 2018 environment. Synthetic fibers used in military uniforms are difficult to have gastrointesti-
nal function as general commercial dyes, unlike cellulose fibers, which use some com-
mercial vat dyes to impart infrared gastrointestinal function. In this study, we optimized
the adsorption pH, temperature and time for NIR dye application for polyester fabrics,
and established the optimum concentration for the evaluation of adsorption build-up char-
acteristics. In addition, it is difficult to adsorb it since the polyester material has a dense
crystal structure and the NIR dye is bulky. Therefore, a swelling agent used for dyeing
meta-aramid fibers with high Tg and high crystallinity was introduced as a separate prepa-
ration to increase the affinity to polyester, which is a hydrophobic fiber, to thereby obtain
an excellent adsorption rate. As a result of comparing before and after using swelling
agent, the adsorption rate difference was 10 times or more when compared with before.
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Table 1. Fabric specification used for this study

Fabric Manufacturer Specification
Polyester 100% DONG-IL Co., Ltd.(Korea) 74/72
22822 =x 1|
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ical Ltd., Korea)E AH&3F% T WA Pretestd] =

Ao ogtx 1,3, 5% o.w.f., 4] 1:40, pH
4 .0(acetic acid 4ml, water 1L—4 HEN AL 07
A, AL E 60Tl A $-2(3C/min)ste] 130T
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Ratio

NIR dye No. Dispersing agent (dye:agent) Manufacturer

N1 ULTRAZINE NZ 2:1
N2 DYWELL 500 2:1

Phthalocyanine dye Wisechem Corp., Korea
N3 ULTRAZINE NZ 11
N4 DYWELL 500 11
N5 ULTRAZINE NZ 2:1

_ . N6 DYWELL 500 2:1 _

Nickel dithiolene dye Wisechem Corp., Korea
N7 ULTRAZINE NZ 11
N8 DYWELL 500 11
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Table 3. List of dispersing agent used for this study

i
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e
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Agent

Commercial name (manufacturer)

UL-NA (Borregaard Corp., Norway)

Dispersing agent

R85A (Ingevity Corp., USA)

Dywell (SAMEUL Co., Ltd. Korea)

Table 4. List of swelling agent used for this study

Agent

Main component (manufacturer)

Swelling agent 1

Swelling agent 2

N-Methylformanilide (Kyung—-In Synthetic Corp., Korea)
1=Phenoxy—2-propanol (Kyung—In Synthetic Corp. , Korea)
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Figure 1. Chemical structure of Phthalocyanine NIR dye.
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Figure 2. Chemical structure of Nickel dithiolene dye.
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130°Cx45min

A Detergent wash
NIR dye - 1% o.w.f. 70°Cx30min
Liquor ratio - 1:40

pH-40

130°Cx45min
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70°C

A

A Detergent wash

NIR dye - 1% o.w.f. 70°Cx30min
Liquor ratio - 1:10, 1:20, 1:40, 1:50
pH-40

Figure 3. Optimum liquor ratio of dyeing profile.
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NIR dye - 1% o.w.f. 70°Cx30min
Liquor ratio - 1:10
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Figure 4. Optimum temperature of dyeing profile.
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Figure 5. Optimum swelling agent of dyeing profile.
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70°C
60°C A
A Detergent wash
NIR dye - 1% o.w.f. 70°Cx30min
Liquor ratio - 1:10
pH-4.0
Dispersing agent — UL-NA 8g/L
R85A 8g/L
Dywell 4g/L
Figure 6. Disperse dye of dyeing profile.
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NIR dye - 1% o.w.f. NaOH, Na,S,0, 0.5g/L

Disperse dye — 1% o.w.f. 70°Cx30min
(Dianix Yellow Brown S2R, Woocron Rubine 2GFL, Dianix Blue AM-77 150%)

(NIR dye : Disperse dye = 5: 5)
Liquor ratio - 1:10

60°C

pH-4.0

Dispersing agent — UL-NA 8g/L
R85A 8g/L
Dywell 4g/L

Figure 7. NIR dye and disperse dye of dyeing profile.
Adsorption(%A)=[(Ao=A1)/Ao] X 100 -+ (1)
where,

Ao : Absorbance of the dyebath before dyeing

1 © Absorbance of the dyebath after dyeing
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Table 5. Adsorption rate(%) of phthalocyanine based
NIR dispersion of 1,3,5% o.w.f. of polyester fiber op—
timum condition

Adsorption(%)
Dye
1% o.w.f. 3% o.w.f. 5% o.w.f.
N1 5.5 4.2 4.8
N2 5.4 4.3 41
N3 1.4 1.4 3.2
N4 0.5 0.8 1.3
N1 N2 N3 N4

Figure 8. Adsorption color of 4 kinds of phthalocya—
nine NIR dye in 1% o.w.f. of polyester fiber.
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Table 6. Adsorption rate(%) by liquor ratio

Dve Liquor ratio
y 1:10 1:20 1:40 1:50
N 10.0%  6.4%  55%  4.4%
Ll 1% 140 150

Figure 9. Color according to liquor ratio of polyester
fiber.
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Table 7. Adsorption rate(%) according to adsorption
temperature

Dve Temperature(C)
y 130C 150C
N1 10.0% 2.3%
130°C 150 °C

Figure 10. Color according to adsorption temperature
of polyester fiber.
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Figure 12. Adsorption at optimal adsorption condi—
tions(Phthalocyanine NIR dye).

Figure 13. Phthalocyanine NIR dye in the condition of
using swelling agent of polyester fiber.
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Figure 14, Adsorption at optimal adsorption condi—
tions(Nickel dithiolene dye).

Figure 15. Nickel dithiolene dye in the condition of
using swelling agent of polyester fabric.
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Figure 16. The adsorption rate of three disperse dyes
to polyester fiber.

Figure 17. Color after disperse dye dyeing on poly—
ester fiber.

Dye exhaustion (%)

D Phthalocyanine NIR dye
W Disperse dye

Blue+NIR dye

Yellow brown+NIR dye Rubine+NIR dye
Dye

Figure 18. Adsorption rate during simultaneous ad—
sorption of phthalocynine NIR dye and disperse dye.

Figure 19. Phthalocynine NIR dye and disperse dye
dyeing on polyester fabric in the condition of using
swelling agent.



ro
ru
1
o
x
o
=+
40

Swelling agentE 0|2

91.9 92.8

Dye exhaustion (%)

ONickel dithiclene dye
M Disperse dye

T
Yellow brown+NIR dye Rubine+NIR dye

Dye

Blue+NIR dye

Figure 20. Adsorption rate during simultaneous ad—
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Figure 21. Nickel dithiolene dye and disperse dye
dyeing on polyester fabric in the condition of using
swelling agent.
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