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1.1 REMRIENEE

MR BiRHEE-6124. BiRLEE-1103, TTFY
WIEAL TABR AT, T 3 X ZE BRI (NNO,
AT al), b R AR AR B A PR A F
EVHEEPAS6 Y v, YR AIRAF .

XA UV-2600 BLEEAb-n] WoG-Im 204073
FETFEGEE I SRR ERAER A F]); DC8S0 AL 2
{¥(Datacolor A #); ZMD-400 7 37 =0 BE 43 B b
(I (EHEDHUA PR A F]);  Zetasizer Nano-ZS90
R AL SRR 73 A (T 1 By SR ST AR A PR A 7))
SP-1500-H BYM55 55 SR ML(_E A SE 56 152 £ iR
AT]); DHG-9053A BB A TR (il XU 5L %
BAIRAT):; WLGI0AG MESUAEEFTH L
HEHTIURS U PR A 7]); Nicolet is50 {8 B i
AR AT AT (32 [E Thermo Scientific A PR 7]);
D2 PHASER 2 X S AATH (R EAT & w AXSHIRA
Al); SUS100 87 e 5 454 i R AlBe (1 A H 57
FRat2eth): MEE DSC3+HAURZHHIE I, HF
FEE) TGA2 84 F B #4304 E 70
Z AT XL-2 20 A FEA (R A S AR
Al YG(B)611-IT A H S AF RGN, SW-24G
i e €8 2% B8 AL Gl M K 2R 45 A A A BR 2
Al); YG-631 BB FEAL (LB I U ).
1.2 B Ean KB &

HUBUR I -6124 5 B0k} 55 -1103 it & LE 2: 1,
53 BIGH NNO XU 5T 870 E053 3 5% 10%-
20%, RS BN 10% 70 B 200 g, K3
FERERERSAE ] R 208030 min &, P43 57 T8
Sy EONURE B, BIF B % 74 0 2000 t/min, B [H] 6 h,
55 S R FH S 55 TR VR 20 B A T 55 45
AP, A& H 7 ELNK BURL 2k (SDN-PG), X
I E A 180 °C, #EELH 2 )9 600 mL/h, I E
N2.95 m3/min7l.

1.3 AEYEPASC R R E BTERNT &

¥ SDN-PG Fl PAS6 V) |y 4 Jii = Lb 2:8 TR A

TR RO DUHERRAT 5 bl 972 iR S N

265~270 °C, HE¥F 10 min J5 B IEAEFH, %
. P TGS 3 PAS6 (L BERL. K5 PAS6 (4
BRI PAS6 I Jy 4% — € B LU AT IR &, Hor
0 BRI A 5T 570 2007 70 N 5% 10% F115%,
1£265~270 °CHIIR BTG W SRS 22, 15250k
F 84 N 1% (PAS6-P 1%). 2% (PAS6-P 2%).
3% (PAS56-P 3%) IR i (A 4 4E(UDY).
1.4 MK 5RIE
141 B EGOKREEH 2 B AR DI

FERE AR 22 2000 £, FHARKORLEE 23 43l
R AL RLAE . KA 20 A1 R EU(PDI) M Zeta HLAL .
142 SERFRAE

i 1 3 & 5 4 3 H T SR 3BT (SEM) WL 82 4
mn RS, WEINEEE 820 kV, HEHN
10 mA, B FT R AT 5 4 A0 R el A L
AR e 21 A0 56 15 ASCII R R 2L AR IR O 1
(FTIR), %P AT A 500~4000 cm™'. i
X S AT (XRD) J7 £ S A 45 64T, B
RAFK AL, B M40 kV, HLEN 300 mA,
AT A A4 T A 5°~60°.
1.4.3  #APEREMA

A9 4% L Bl A 23 B SR it 1 # ok it
2, IREVEEN30~600 °C, THFIHEZ A 10 °C/min,
SMFEIIN,, SARHER N 50 mL/min, A5 R
9 5~10 mg. {§ FH 7R Z il A HTRE fL I A
RE, SErEIETFE 300 °C, FHESEE 420 °C/min,
PR P 230 °C, ARG PR TE A 300 °C,
FHIE# 4 20 °C/min, )5 B E S .
1.4.4  BALF2E5EF7 IR

A FH 2 28 5 AT SO0 B 3R AT 0 2 5
W, JERFIEE 950 em, BN 1000 mm/min,
588 7 HCHE 3 VA P 31
1.4.5  JEREREEMR

fifi FH 2% Ah- 1] WL 6-JIE 20 40 43 56 06 B IR R
i ) RCE Sl it 2, A I U K L 400~
1200 nm, ARG S nm, N RY%. S ks
1 GIB 1411A-2015, TH5AREAE B 5 PAS6 JE K
HEAARNIGIEEE EER0) . A EE(Q)),
T FH Pearson A1 2% R ETHE G IEAE O R E((03)).

JERE R B A KRB B () TE N EE S OG
52 bRtk 2 M EE B R, Rtk m
MPIPEEITIE, SRERAESEIE AR .
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Z 1 GB/T 8427-2019, JUAAAE (iR H A 22
B, YR AR IR A (1.10£0.02) W/(m2 nm), Y65
WA R 420 nm. A €02 BARAERE AT X L PEAY
H AR € 72

Z: HH GB/T 3921-2008 IR A i (1) i 2 3 2=
fE, BEEAKIR 50 °C, PRI K 45 min, f# HK
FEN S g/L HIRRHE R 2588 /K 0T 2 0k

Z: W GB/T 3922-2013 MR AE S 19 1 ¥ ¥53 21
B, RWRE(37+5) °C, WA 4 h, 4 NaOH i
75 pHAE (8.0+0.2).

% I GB/T 250-2008 fil GB/T 251-2008, ¥
B i P A o it 0, 7 R 25

2 HRSR

2.1 BBk ERIR &
R 1R, o EETHE M 5% 82 20%,

K42 M 322 nm T F#3285 nm, PDIHFEZ T P&
02LLT, MAHEGKI Zeta ARG, Zeta ALY
YARHEIE K 10 2547, BRI T/ HeE Ay sk
XA B TR VA R NINO W] 5 k) 26 i 1 22 [ A1
HAEH, ERWHE, WHEw i, BT g
S5 IIVE RS ERLRL T 20 B35 50 . Bk As e, ik
FINNO &8 720% 1, WFEE 6 h i BUSCR I .

Table 1 Dispersion performance of SDN-PG.

The dosage of  Particle size Zeta potentials
NNO (%) (nm) PDI (mV)
5 322.5 0.322 -47.7
10 298.5 0.221 -533
20 285.8 0.167 =57.7

B 12 BURHRL 7 5 BC 2 B0AT S RO T 3
55k 1103 (K 1(a))FE0EHE 6124 (K] 1(b) A
7], Zms % 4 5 VR SDN-PG (1] 1(c)) 231
HORLAR IS — I BRIR 54, 3R 90 2 MhBURHIIT I )
B 2 R AR G R A A —

Fig. 1 SEM images of (a) pigment yellow 1103 powder;
(b) pigment blue-6124 powder; (c) SDN-PG powder.



23 DI, JRCE tAEYIEE e T 56 £ 4 i % S T WOG-1E LA e 1 e 325

73 HUTINNO e i 4 m Uk 7 HohERe . M
MR R e v, BA SRR 5k
W ST K081, IR 36 B NINO A SRy 23 B3 . dn A 2
fi7x, SDN-PG 7E 540~550 nm H L “&tik”, 1F
660 nm HHL “4047 A E, £ 780~1100 nm
BENPEY “Eashmli”, Pl SDN-PG Af
DU FON SR CAE 0t P RERRAE .

80 -

The “near infrared plateau”
70 b platform
60

660 nm The
50 b beginning of
“red edge”

545 nm
“green peak” !

Reflectance (%)
N
S

20 !
10t
0 - - -
400 600 800 1000 1200
Wavelength (nm)

Fig. 2 Spectral reflectance curve of SDN-PG.
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Ab 35y IR L T A 4 4R 30, 7E 1540 em™ b3 HY
DL U A g R 2y, W Wi for B 3 B R AT
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Fig. 3 FTIR spectra of the PA56 dope dyeing fibers.
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Fig. 4 XRD patterns of the PAS6 dope dyeing fibers.

PAS6 J5S K (o 21 4k it 5 UL 0 B 1R K
ST A RO R IR TE AR 78, ISR AR/,
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WK 6 Fiax, PAS6 FllJE W& (B 4F 4 1 34
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1) 22 it P I A R B B 1 0 7 FAEAER24T (PAS 6 B
AR EL 188.7 1/, 45 B M 32.23% % 2
25.92%, HIRDSCIIHHEAFRNRZE R XRD THEAS
BIMgE RN, (HRBURNRN ISR N, 2558 R
(R B2 — BE 1), J 55 RN 45 d iR FE B TR IR AN K,
2% B SDN-PG i A\ X PAS6 #u Pk BE fZmi A K,
TSR IRFRE R, UM RS EY) A
RG22 12, ART I TMA4Eraeiae .
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H P 8 Jn, SRR A Sk sR UK, K

Fig. 5 SEM images of (al, a2) PAS6-P 1% fiber; (b1, b2) PA5S6-P 2% fibre; (c1, c2) PAS6-P 3% fibre.
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Fig. 6 TG curves of the PA56 dope dyeing fibers.
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Fig. 7 DSC curves of the PA56 dope dyeing fibers.
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Fig. 8 Stress-strain curves of the PA56 dope dyeing fibers o
is stress; do is the differential of stress; ¢ is elongation; de is
the differential of elongation.
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Fig. 9 Spectral reflectances of the PAS6 dope dyeing fibers.
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Table 3  Spectral fit of the dope dyeing PAS6.

Table 2 Mean and standard deviation of fiber strength. Fiber d r 2]
Fiber Mean value (cN/tex)  Standard deviation PA56-P 1% 0.648 0.986 0.122
PA56 0% 8.96 1.26 PA56-P 2% 0.495 0.980 0.093
PAS56-P 1% 7.76 1.20 PA56-P 3% 0.448 0.990 0.085
PA56-P 2% 7.45 1.23
PA56-P 3% 6.99 1.39 252 BIEAPUE

2.5 PAS6JRREBLAHER WA ELIIM i PERE
2.5.1 LA

KRS BN 1% 2% 3% FIR RS
LR UG I O 2R 42 S AR RE A b T s TE X
S RWE 9 fs . M AT DU B RS AT 4
i S 1 26 80% LA AEARHERE i Yt idE LA
1545 nm AL B 1 “24R1E7, 660 nm Ak H HL T
UL UG E, “Aih” RIERSERUEREEA
—3, 7E780~1200 nm I T “ImLAbhsEE”, Bt
B R EA AT R IR S S 2 T BRI S 4k ke
B —3%, RERSRT HI SR SR R B IR 0 S G

4 878 PAS6-M X £ 2 [ £ 53 500N 5% il il
% JETE B AT 4E 5 GBI 1082A-2021 £y 2% X i (1
MG1151 12240 4 0.945, 2 B 5 45 (0 27 4 ]
DAAR B A 002 A 1 4 L TR ERARRAIE . 24 PAS6-M
Xof 41 4 S B A BN 10% I, ) 4% R € 4
5DG0730 52 1.103, faEE /N T3, £HZ
2R X Bl 25 £ DGO730 B A AT A RCR .

Table 4 Color similarity of the dope dyeing PA56.

Fiber Simulated color AE
PA56-P 1% MG1151 0.945
PA56-P 2% DG0730 1.103
PA56-P 3% DG0647 3.525
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Table 5 Color fastness of the dope dyeing PAS6 2.

Fiber
PAS56-P 1% PAS5S6-P 2% PAS6-P 3%

Test name Test items

Sunlight
fastress Xenon arc 6-7 7 7
CH 4-5 4-5 4-5
Soaping CcO 4-5 4-5 4-5
fastness PA 4-5 4-5 4-5
wO 4-5 4-5 4-5
CH 4-5 4-5 4-5
Perspiration CO 4-5 4-5 4-5
fastness PA 4-5 4-5 4-5
WO 4-5 4-5 4-5

4 CH is change in color fastness; CO is cotton stain fastness;
PA is nylon stain fastness; WO is wool stain fastness.

3 g

(1) BBl E-6124 5506 -1103 5T & o~ 2:1
F, 4% 1 2 BN KR SR e e AR L 4 (R
FE 0] WL G-1T 21 4M(400~1200 nm) V8 (1)« 4

“CULIL” R CIRLTANE IR SRRAE

(2) FTIR 245 R W 4R 47 J i i L/ 1)
I TFEREA T, HEIEIEER, FklTRes
QAT AN 1 A B VRS 45 X ) R4S X
F; XRD 45 R B BUEL A T PAS6 (1) 45 i 1
Ae, fH4ESHE FRE; R4 SEM BRI, Hikl
TEPAS6 HForAi ¥ 5], AHAEVELE, (HEFR & =5
M £F4E I S s TG 45 3K I — e 72 5 I Bkt
TSN RS B S AT 4E I AR R PERE ;. DSC 45
PR BRI IS LG IR 45 s RN 5 o T W T %
i; JEWCE T4k 5 5 PAS6 21 4E 1) 112 1 RE X
Fefg i, JRIE (N TG £ 4 [ W 244 1 b 3
SR AT, (AR

(3) PAS6 5l ta et el th 2k St takiigl
TR EIERE B /N T 0.65. i E/NT0.13 rad,
A OE R B T 0.98, EF| T GIB 1411-2015
TS R e R R B R

4) 4R BN 1%, fEFIE R
GBJ 1082A-2021 e M E L MG1151; 4508
N 2%, AT LMR G B DGO730 Bt 4 R
H PAS6 J5 i 35 € 41 4 (1) i H AP AR €0 28 1 KT
6 2%, T 2 3 AR (o RN it 0 2R FE IR B 4~5 2%, Tid
BT I AR RN (R IR 3 4~5 2% .

AR T AE #4510 PAS6 J5L i € 2 24 m] LU
SEEFEYE T WoL- 1T AN R, & T R AR
S, B EHZ N O A
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Study on Preparation and Visible Near Infrared Spectral Performance of
Dope Dyeing Biobased Polyamide 56 Fiber
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Abstract In order to simulate the spectral characteristics of green vegetations, self dispersed nano-sized pigment
green was prepared by a spray drying with sodium salt of polynaphthalene sulphonic acid (NNO) as the dispersant,
which was used to prepare PA5S6 dope dyeing fibers by the melt blending. Moreover, the microcosmic structure,
thermal, mechanical, visible-near infrared spectral properties of the fibers were investigated. When the mass ratio
of pigment blue-6124 to pigment yellow-1103 was 2:1, the self-dispersed nano-sized pigment green could well
simulate the spectral characteristics of green vegetation in visible near infrared (400-1200 nm) region. The self-
dispersed nano-sized pigment green is uniformly dispersed in PA56 fibers, with a good compatibility. In addition,
the thermal properties of the fibers remain basically unchanged, and the mechanical properties are stable. The
spectral distance of the PA56 dope dyeing fibers is less than 0.65, the spectral angle is less than 0.13 rad, and the
spectral correlation coefficient is higher than 0.98, which meets the requirements of GJB 1411-2015 for
secondary optical camouflage and secondary spectral camouflage. The color of PAS6 dope dyeing fibers can
simulate the camouflage net colors MG1151 and DG0730 in GBJ 1082A-2021 very well (color difference <3).
The sun fastness of PA56 dope dyeing fibers is greater than level 6, and the wash fastness and sweat fastness are
both level 4-5.
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