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Dyeing Properties of Polyurethane Fiber by Novel Phthalimidyl Azo Disperse Dyes
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Abstract— Some phthalimidyl azo dyes containing N,N-diethyl or N,N-di( 3 -methoxycarbonylethyl) group have been attempted to
apply onto two kinds of polyurethane based materials and rationalize their dyeability and fastness comparing with those of some
commercial disperse dyes. Phthalimidyl azo dye showed 66~98% of exhaustion yield at 120C by a conventional exhaust dyeing
method. The dyeings were found to have a higher wash fastness with both fabrics in comparison with those of commercial dyes
which indicates lower thermomigration and efficient alkali clearable properties of phthalimidyl ring and/or diester group during
post-dyeing process.
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PhthalimideXl &7 Azo dyell Polyurethanell A& M 4

AFYES vehfs 2AEE o3 A g
A & AFollA= Fol dAdo] R Phthalimide
A ATF 8% BAGRE Aol Ze o7
B g 94 2 AREe) B AFL 2
Zstm, 7)E9 Uk PETE BArgRele] 7
g v, BAstch

2. o o

21 AR

A4 " ARE (F)EAY Creora” 27|
& QAHE AHgste] THE PETPU AW AHE
AHERE A5 EPoAHE SHE (65d/24f)
o] Polytetramethylglycol (PTMG) E}{] 2] PUs
Z](GT-300LV, Greentech Co.)7} 80:202] F-AH]
2 5% ® PETPU ZRAES A183 2EL
Z¥Zy A5l v A2 2 AFEE Regular
PET= (75d/24f) (F)Z2FolA Al5Hgith

22 9=

2 AYoA AR dE = YHE PETE 241
A=9] Energy type's 394 (Table 1, M. Dohmen
Korea) 6% g2 2 Ay A7xYox A=
Phthalimide 4] 2ArEE 8% ARSI THTable 2).

Table 1. List of commercial disperse dyes used in this
study

Manufacturer Dye
C.I. Disperse Yellow 54
E-type X
. C.I. Disperse Red 60
trichromat .
C.I. Disperse Blue 56
M. Dohmen
C.I. Disperse Orange 30
S-type i
. C.I. Disperse Red 167
trichromat .
C.1. Disperse Blue 79
120°C x 60min
2°C/min
50°C
Liguor ratio 1:10
pH 4.5
Dispersant 1g/I

23 @M

R-G47] (mela}s}, KSW24)E A-§atel,
AdREEE 2% owf., £H| 1:10, pH 4.5, EALA|
(Sunsolt RM-340, Nicca Korea) 1g/te] Ao R
AZL% 50 ColA] 52 2C/min)dte] o)
2% 120Co A 6087 44 & 70C= 2T
/mine. 2 Yz+s1 g ch

Aol EUdH PpAT & A s
t}. FAAI A2 NaOH 1g/l, Na,S,04 1g/L2] =
Aoz 80Ce) A 2087 AAsHiTh U A

T 180C oA 6027t E7 dFAThFig. ).

UV-Vis spectrophotometer (Thermo.,
UK)Z AHE3HA Al A1 €] Absorbance Zh<
sto F2ES AFESHATH

W AHES G 4 () AHEste] AL
o}

HEE(%)=(Ao-A1)/Ac*100 (D

o), Ao W A 2RF A4 AT A4
Amaxll 41 €] Absorbance gko|tt.
25 =M

4 T BANY 2 AnPL vk ARE
CCM (X-RiteColorPremier 8200, USA)2 A}-&3}
of ZMT T, AYELIRIN 4% B K/S
%}:—%— "?'6-]-1 D65 %%.9’] L*a a*a b*a Ca h %}\-% %
3 A5 Colorimetric propertiesES 11Z3s| H

At

\2°C/min
70°C

+R/C : NaOH 1g/l, Na;5,0,1g/l
80°C x 20min

» Final heat setting : 180°C x 60sec

Fig. 1. Dyeing Process.
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Table 2. Chemical structure of phthalimidyl dyes used in this study

Dye Structure

Formula (Mw)

\ Br /Et
H,C N=N N N C24H37N503Br;
DI _>7N Kt 595.33
H;C B NHAc
r
o
o /Et
N=N N
Ca4HoN5O
D2 N Q NEt D
/_/7 435.53
HaC NHAc
3 0
N Et
/_/7 595.33
HC Br NHAc
o
o CN /Et
H;C N=N N N Ca5H2sN705
D4 >—N Et
473.53
H;3;C CN NHAc
o
0 CN /Et
H;C N=N N AN Ca6H27N705
D5 _>—N Et 487.56
H3C CN NHAc '
o
o) /C2H4C02Me
N=N N
C31H3N50
, C/I NHAc
4]
o) Br /C2H4C02Me
N=N N CasH31BrNsO
He C/_ﬁ Br NHAc
o
o CN /C2H4C02Me
HAC N=N N Ca9H20N,0
D8 P SCiHicoMe S8660
H;C CN NHAc '

o
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PhthalimideHl &l Azo dyell PolyurethaneHl &% ZFMH

0x

26 ME ¥ OEAR: £3

AEAZ == M&S C4AR o] oASIe] ECE
detergent 4g/C, Sodium perborate 1g/(E AR}
Steel ball 107]E 231, 60Coj|A] 3087 A3 s}
Multifiber®] 2 Q=5 F7IstRAth np AR ==
AATCC 8-19891 o] 9] As}e] AATCC Crockmeter
£ ARgsto] el SMEE 7} 103] nhEHA]
A2 o wxzel odrg Prisgon =E A
F|%= 552 Grey scaled]| 23] B7}s5}

= =
3.1 &g
Aed ARE AHSSte AWPA A&
YA AEE 2}7F 2% owf. B GG
ZF 428 QAES Fig. 2~40 Yet Uk
A AE3HE PETE BAMERE 6352 Energy

typeol] o] AWPAL ZHAL A& EF
96% ©o14 A= Ath(Fig. 3~4). ¥ FA=
Phthalimide 4] €& (D1~D8)Z Regular PET ¢
A Al 47%~96% 2] HAEs UEHH o, ol
Di-bromo 2| &7|E 7}2 D1 9 D3= AMEZ31E
AR g5 dHES 2y AP
A] Phthalimide#] o}Z g &59] PET g2 ¢
g2 uat =24 ¥Hetthal (D1~D5+= 51%~
79%, 4% owf. 7|F&) HIi3lg =4 E H19
Fig. 20| A AAISt GZFEL 2% owf. 7|&S
2 AdT 23] 2 ¢Folth

N,N-diethyl group= 7}2 @& (D1~D5) Ht}
N,N-diester group= 712 €& (D6~D8)S] HZt
go] ArjHoz wgron ol AAze)
G} = Diester group?] 7lpEE|7F AR
TAste] =84 92 F27F HSE ¢
Hgo] Wolxt Aoz e,

Ava A8 A 9L Fg 3) D3, 5,
7 AL YA dE= 80%014 Y A
o2 =2 H2EL2 H ¢ Oou, PhthalimideH
B2 Fo|AE D27} 95%9 7 4% F3b
EXNE B Loz DI W D47} 87% L
86%% HAES UEWT 53] Diester
group= 7}% D8 & D6°] Regular PET R} =
A =& 84% X 82%9 F2ES Hi=T

= B2 294 e d42E 98
9] Diester group?] 7}=E3[7F AA EAYst=
AL A E3 AESE 63 98 EF
%% o449 ¥ ZAE B

YA 52 (Fig. 4) DTS A Qg YA
dE=0°] 80% oY FFES HI, DI,
D2 9 D62 HAEL 90% olFoZA FAdH
B8 FAA M w2 Z2TE B kA
D2= ZEdetA Af GMolA &3
2AEEY g5 59 FFES HoA
FS AES TteAol M =2 AR wd
Ht} Diesterd 3% QR X AWFPA JE O
vl 3t AZFEE UEtfo] o]= PTMG ¥
Zggete] E2E 59 N A TheE
o gt =2 AFAHE HofF}

al)

Exhaustion yield (%)
100 - 96 95
80 -
60 57
47

60 - 52
40 -

20 -

o]

D1 D2 D3 D4 D5 D6 D7 D8
Dyes

Fig. 2. Exhaustion yield of dyes for regular PET.

Exhaustion yield (%)
100 96 98 97 95 29 99 95

80
60
40
20

0

D o < O A - . o ) b

ﬂ\\"ﬁ ngb <z,\°i@<‘&‘b erxh &é\ LMV Vi)
Dyes

Fig. 3. Exhaustion yield of dyes for covered yarn

based fabric.

Exhaustion yield (%)
0. 98 99 99 oo 99 98 98

L s I B N R A LA .
RN A

Dyes
Fig. 4. Exhaustion yield of dyes for coated yamn based
fabric.
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3.2 K/Sgt ¥ Build-up E4

AT ZAEE 653 (Table 3) F4E d=
853 (Table 4) AHg3to] GME 3% 2o
K/S #t= H|iL 519, WA Al dE= Yellow
42 Agsn 5% ARst Beloued 3E
o|A] Regular PET tjH] 2% ow.f. 7|&) 30%
ujgkel @As] W KIS ehfol Foke
AUBHE Holtu] ol BAHHTHA
Zojede dgol orelA F2E A=sh o
% ARE ol 1Y 2 Yoo weEolA
olzlg AREL Beleaehd APl A

kA g Ao AZEh

Phthalimide7] ¥+ @2 %= DI ¥ D8L A3}
3L Regular PET] A €] K/Sgh H ot E}-9-2 2
ZZol A 9] KiSghel FA] Yot Kol Ald
=AM ju] o} A PhthalimideZ] 27} &=
Sl tiE FEEe] Ao gokr &
Al et gl ke Ae ST
53] D13} D82 # M7 =] A Regular PET<)]
K/Sk o] 87% $ 84% ) & K/Sgh& 7M1
E3F 29 AF A% Regular PET} K/SgL v
247k 74% R 2% 22 KISghs 7HAA FEe
HEA A G 54do] 7129 Fdd R H]

WG w) e SHEe & 4 gk

Table 3. K/S values of commercial dyes on various fabrics

C.I. Dye number o.w.f.(%) Regular PET  Covered yarn fabric Coated yarn fabric
' 05 13.7 - -
Disperse Yellow 54 0 257 15.2 10.0
_ 05 47 - J
Disperse Red 60 20 17.6 4.0 4.2
. 05 4.6 - y
Disperse Blue 56 0 16.8 3.7 33
] 0.5 3.6 - )
Disperse Orange 30 20 134 32 3.1
] 0.5 6.6 - )
Disperse Red 167 20 213 6.0 5.8
. 05 7.0 - i
Disperse Blue 79 20 213 6.1 5.4

Table 4. K/S values of synthesized dyes on various fabrics

Dye ow.f. (%) Regular PET Covered yarn fabric Coated yarn fabric
1 9.5 - -
D1 2 10.3 9.0 7.6
1 7.8 - -
D2 2 12.2 5.6 5.8
1 17.1 - -
D3 2 18.1 6.6 6.1
1 9.0 - -
D4 2 13.7 5.0 4.3
1 4.9 - -
Ds 2 6.7 2.6 2.4
1 6.1 - -
D6 2 8.9 3.0 2.6
1 5.7 - -
D7 2 9.4 4.0 3.0
1 1.6 - -
D8 2 32 2.7 2.3

| 80 | er=F47F3#8)3) =] A 21¢d A 6.2



PhthalimideHl &l7# Azo dye2l Polyurethanell &% S

Phthalimide#d] g & 839 Regular PETY]
gt Build-up 42 @8 Fx0) wet Aol
gt 235 UErfe, D2, D4, D6~D8§o] At
Zog 953l Buildup EAS Holi, g=
29 Buildup 549 QBT AABAL
DA A gt

3.3 Colorimetric properties

659 Al EAHARE ARGt AAMT
Z g etA 459 Colorimetric propertiesS
PET A-¢¢} H]@3}H (Table 5), WA a 2
b gaYUE A o] Ao|stal, Disperse
Yelow 549 Z< AuPAr Aget 2}
A& Regular PET A-fo] Hls) agto] &
o}A Reddish3] A1, b3t ZRAL 2 & A
A FobA Blueishdl| %l t}. Disperse Orange
309] 9o Regular PET ol vl #
B W mEA AR 2R agh] WolA
Greenish 2|} b3k WaF4do] it Disperse
Red 602 a’, b3r =% thh Yol Greener
9 Bluer 3}A]qk, Disperse Red 1672 AW HA}L
0 = A BE deye] AHA 4%
t}. Disperse Blue 56& £ A mEo)A a'gh
o] olx| I b'ZFE =0}A Greenish, Yellowish

Jm

|
=

3| AU Disperse Blue 79+= Z YA} R & A
9t 9F7F Greener, Bluerdt AMAFS B $th

Yellow 545 A3t 5F HAR7} Regular
PET tju|ste] AL 2 EojA] L'gto] %ot
A oA B2 At UErle, AW PA F
B2 HREE tE AFS HIth CgE
AWEA 02 Regular PET tH] AHWIYAF L
AL A g4 ROl A =7t HolF e
H E3] Yellow 54 2 Blue 562 ZEA} Z
EoA AdiHer Z Z9 TS 5t
A9k Red 167 ¥ Blue 79= o|9jF o2 tha
=2 G 29k

Fae 98 8F % H$+= (Table 6), WA
a, bzt Sdold A 6% da9 U5
FrEE 3ol dolsteen, £3] Dicyano
groupe 747 Blue U Dt 8% QEFoA
7 & WHIE HE =t Regular PETS} H]
w3 ) A} D ZYA HE BE 4G
o] 34 Green H3o 2 WAL bPE =
Al Yellow Hgko g2 =715ttt D4t Fx7}
A 22 Blue Al &< D531 H¢=
b kol A F7stel MAto] Yellowers] Rt
3} X9k Diester group 714 Blueg=® D8
AW YA D T JEoA agho] T

Table 5. Colorimetric properties of commercial disperse dyes with various fabrics

* * *

C.I. Dye number Fabric L a b C h
regular PET 81.63 -444 7784 7796 9327

Yellow 54 Covered 80.24 1.05 7722 7723 89.22
Coated 80.84 275 70.82 70.88 92.22

regular PET 57.09 58.34 2.08 5837 2.04

Red 60 Covered 5697 54.17 0.11 54.17 0.12
Coated 5828 56.49 135 56.51 1.37

regular PET 50.57 -3.10 -35.85 3598 265.06

Blue 56 Covered 5236 -532 -30.07 30.54 259.96
Coated 5456 -847 -27.15 2844 252.68

regular PET 6730 26.10 44.86 5190 59.81

Orange 30 Covered 67.07 2395 4123 47.69 59.85
Coated 71.08 2242 4628 5143 64.15

regular PET 49.16  50.37 420 5054 4.76

Red 167 Covered 49.27 48.15 250 4822 2.98
Coated 51.81 51.09 631 5147 7.04

regular PET 4147 -6.10 -2549 2621 256.54

Blue 79 Covered 43.17 -635 -2471 2551 25558
Coated 4483 -533 -2645 2698 258.61
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Table 6. Colorimetric properties of synthesized dyes with various fabrics

*

* *

Dye Fabric L a b C h
regular PET 38.57 3567 12.72 37.87 19.62
D1 Covered 42.74 3732 17.27 41.12 2483
Coated 43.63 3509 18.14 39.50 27.33
regular PET 51.62 4970 18.28 5295 20.20
D2 Covered 55.07 46.97 16.00 49.62 18.81
Coated 55.51 46.02 20091 50.55 24.43
regular PET 33.75 38.85 1544 41.80 21.68
D3 Covered 45.12 36.06 14.86 39.00 2241
Coated 45.37 33.13 16.23 36.89 26.10
regular PET 32.70 12.39 -28.15 30.75 293.76
D4 Covered 44.68 -4.68 -18.01 18.61 25545
Coated 45.65 -3.39  -16.30 16.65 258.26
regular PET 47.07 -3.92 -24.83 25.14 261.03
D5 Covered 53.59 -4.88 -17.45 18.12  254.38
Coated 53.40 -3.37  -14.62 15.01 257.01
regular PET 5799 39.55 31.53 50.58 38.56
D6 Covered 63.94 35.13 26.60 4407 37.13
Coated 65.17 3241 26.73 4201 39.52
regular PET 50.18 35.72 23.22 42,60 33.03
D7 Covered 5452 33.12 22.70 40.15 3443
Coated 57.02 2781 22.08 3551 38.45
regular PET 54.69 1153 -14.78 18.75 307.95
DS Covered 48.90 9.50 -15.63 1829  301.28
Coated 50.08 847 -12.38 15.01 304.39
wold A ofzt Greenerst®, bZhe FUF®  webEc

Aol UetA] ¢gtth Dibromo groupS
7}A Orange MAAIE E=2 D1, D3 2 D7
ARYER a, bake AYgAol Ao|stel
Ag Aol tehial getent WAl 3
EE Adiygoez e Ho|grh EF Red”
g 979 D2 % D6 a'Yo] BT uro}y;]
A Greenerdtt} ZEYAL A EoA Hth Z W
7t SR, bPE RolAE AFAHL
BT

L3S DS AYstn 75 g8 2R A
WA W A BN HOHAM WEs}
sHstRen, 53] D3 ¥ Dd= 12 o]4o]
F7kste] Hl$ Wre AAoR WS g
$7HE0l 4ET 9% 6% Gl A we
Fol|t}. oy st AHRE EHY Phthahm1de7ﬂl]
2% Zedwd A4 FAd Agsd
o WAl urEo] AFL 7A Ao

12 rlo

%‘

3
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CZe D1E A3l AHrE o & Regular
PET tiu] AHHIPAL B ZGA A EZoA W
obxv S&] Da-D6o| 7% ol ol
E9 TP JEolNY FaZo] AwaA
AE Hoh AA & Q=2 HIsH

w2} A Phthalimided] 9%+ Regular PET
Aol Aak el ANPA W TP A8
o4 A4 WBTE 4ES dm AS meh
=4 Yehe] o]t @&l A] Phihalimide ring]
Carbonyl groups®}t Z2]-2-H €2 Amide groups
7+e]l E2 Interactiono] UAYSI= ZHo] 4
Holow Atz

34 MEIARLE FIt

e odwA At Eeledw] ol
FaE EadRt dugngdN deEd
o2 7 dolgstel BU4E ogAo



PhthalimideXl &7 Azo dyell Polyurethanell A& M 4

BA AgAZHE7E 2A RotA|= Aol 7HE
2 Aotk 2 d7olAE 7 98 dae
180C, 602 F¢F 1% F EAER 9
3to] Multifiber®] @ go| 713 AlSt Nylon
AL E 7|20 Grey scale2 NegAd8=E 5
F& Brhstar

Table 7°] A== o] QUxol, WA A& &
AR 65E AvAA ABIN 3 FE 34
Fe mgou 3P4 ABANE 237 o
stz FA gojXth ol IYAL AEoA
29 o9l & Wol] WAst] AF
£7} Wobdl Aolth RHE A=Se Aw
WA AgolA 45553 Uehie, 294}
2 5o A= Diester group®] v 55 F=
(D1~D3)= 3504 54,
E8 3% (D6~D8) 55 Ueto &3
et v o oje —’F?l NEH= =S
7= Aoz yelditt. E3| Diester group
2 7H De-D8S AWYA U mYA A2
RE 5go= gYsth

wehA], Phthalimider] HE+= S HAb
H&e vwstH I eA ArlFolA
dolgdgol won AR HEEWOE oy
H A9RE 4297 EActes SAANEEA
oA A MAEHE As & = Atk o=
oS Fig. 59| YEM} Q=o] Phthalimide|
FE7l o st A4 E HA
tEo] Aol 2A FHSHA Fo=2A &
3 AgHFEE 7= RS & dFlA
galalA AA sk ek

lo

Diester group= 72

Phthal imidy! dye without diester group

(insoluble)

Phthal imidyl dye with a diester group

R{;jg,\\@

(insoluble)

_CHLCOR

CH4COR

S A

E3] Diester group 7} 3% GE+& (D6-D8)
ozta] Ea|Ao| Phthalimide 12]9} Diester
groupof| Al FAlo] WEE ] A mEAIF ¢

U= 539 5% AgAg=E Y
ElfA "t

35 Ot&AZ = "ot

A# AR 65 AWEA ABNE
A4 HEARE BE 47 o4 el
Fasht 2P ABINE GotaeE)
23302 34 Wolath.

Table 7. Wash fastness of the dyes used

Wash fastness
(nylon staining)

Dye Covered yarn Coated yarn
fabric fabric

Yellow 54 3-4 2-3
Red 60 3 2-3
Blue 56 3 2
Orange 30 34 2-3
Red 167 3 1-2
Blue 79 3-4 2-3
D1 4-5 3
D2 5 3
D3 4-5 3
D4 5 4-5
D5 5 5
D6 5 5
D7 5 5
D8 5 5

- Ozc

(soluble)

GHCOT
CH4COy

(soluble)

Fig. 5. Mechanism of alkali clearability of phthalimidyl dyes.
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Table 8. Rubbing fastness of the dyes used

Rubbing fastness

Dye Covered yarn fabric Coated yarn fabric
Dry Wet Dry Wet

Yellow 54 5 5 3-4 2
Red 60 5 4-5 3 2-3
Blue 56 4-5 4-5 3 2-3
Orange 30 5 5 4 3
Red 167 4-5 4 34 3
Blue 79 5 5 34 2-3
D1 5 4-5 3 2-3

D2 5 5 34 3
D3 4-5 5 3-4 2-3

D4 4-5 5 34 3
D5 5 4-5 3-4 3-4
D6 5 4-5 4 3-4
D7 5 4-5 4 3-4
D8 5 4-5 4 34

Phthalimided] @R #¥RA} M2 2 -
% ohREE nE 455 ol4E ehe, 3
YA 4B ANAANEL 347, SohEA
Frl 23334302 o} AT Bk
2o} HlmslE A HoR S nRAHE
£ H It} Diester group= 7H2 D6~D8+= #H]
FAE A e SutEdEF=E At 2F
Q% DI-D5 R} AfHos oag AYE
s ol £a 294 80 A=}
AV HE HTp R olfE TYAY 3
$ {2 ®We| PU 547} 2 Eo] 7] o
Bo) nhzA] Za)aete] ZAjsls AR E0]
47 Bof her) HEos werwd,

Phthalimided] @29 nAAFr Za 9
A RS v E o 05FoA 1§ A= ¢
F3to] &2 - gkol A2He Phthalimide#| ¥
27 Btk AR Fagurel gsta
A & 4 9k

4.4 B

[ ==

ufn

%

Phthalimide ] 98 8%9 H&&2, #AHHY
AP A= g4 3T AQE UM XA 5F
271 80%°]49 HES Hyon, IARAL 3
=4 3% 4E7F 90% o] HEFAES B
o AHPAL A2 tjH] AR o R 481Gt

| 54 | &g 47}3+513] 4] A 219 A 6.5

Phthalimide”] HEE AFESH MR E9
K/SZk EHo A X, Regular PETO A 9] K/S
g Hoh E9 e A AENAY K/SFho] B’
O HaFo| Al RAMEE tfH] FojAf o]
+ Phthalimide#| @&7} Z2|- &4 A-fol
A AR gk kA0l =2 AE AA
Fig=

L'Zre  ojiEo]l  Phthalimided] F=E7}
Regular PET thH] AW YA W ARA &0
A EotA A =7t Fiste] Phthalimides]
25 Z9d9A Af g AMgstE &
5| g2 A Hdo AHE VM Ao R dud
g} sHR|9 Cgre Mukz o2 Regular PET
e AW YA D FRGAL ZZoA HolA|H
IARPAL FEANA Y FaZo] wo| YERLLA
FE Y=E 7HX MAFC R HIg

MNEAg s Al BAMEEZE AW PAL &
S|4 349, AL A Eof|A 2-3FCE RO
o, oo Hl3| T dEESS AHHFA A=
A 457, ZBA AEoA 45322 AEHe
2 ¢ =2 NegAZ xS 712t E35] Diester
groupz 712 €8 3F2 F AR EF 559
g3t AEgdE s YErdT

w2} A, Phthalimide#] | &= S 9 £4H¢
2o Bt EZYHEA dHHFolA €
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