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Abstract: Nanoscale disperse dye microcapsules (NDDM) with C.I. disperse violet 93 as core and
copolymer of methyl methacrylate (MMA) and butyl acrylate (BA) (polyacrylate) as shell were prepared by
emulsion polymerization method, and then characterized by TEM, SEM, FTIR and TG. Furthermore, the
effects of core-shell mass ratio, MMA and BA mass ratio, curing temperature and curing time on the
pad-dyeing properties of polyester fabric were investigated. The results showed that the color fastness and
levelness of NDDM pad-dyed fabric were better than those of C.1. disperse violet 93 pad-dyed fabric. When
the core-shell mass ratio was 1 : 2, MMA/BA mass ratio was 1 : 1, curing temperature was 180 °C, and
curing time was 5 min, NDDM pad-dyed fabric exhibited deep color, little change of feel, and the color
fastness of unwashed dyed fabrics reached grade 4 and above. Moreover, the chemical oxygen demand
(COD) of reduction cleaning was 312.3 mg/L, a reduction of 58% compared with that of C.I. disperse violet
93 dyeing. The better performance could be attributed to the mechanism that, disperse dye in NDDM
migrated out of polyacrylate shell and dyed polyester, and the polyacrylate shell covered and binded the
residual dye on the surface of polyester fabric at high temperature.
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Fig. 1 Diagram of pad-dyeing process
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Fig. 2 Diagram of NDDM preparation process
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Fig. 3 TEM images of C.I. disperse violet 93 (a) and
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Fig. 4 SEM images of C.I. disperse violet 93 (a) and
NDDM (b)
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Table 1 Color properties of polyester fabrics dyed by
NDDM with different core-shell mass ratios
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1:3 225 11.6 240 26.7 16.0 0.90
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Fig. 7 Surface images of polyester fabrics dyed by NDDM with core-shell mass ratios of 1 : 1 (a), 1 : 2 (b)and 1 : 3 (c)
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Fig. 8 Surface morphology of polyester fabrics dyed by
NDDM with different mass ratios of MMA to BA
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Fig. 9 DSC curves of NDDM with different mass ratios of
MMA to BA
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Table 2 Color properties of polyester fabrics dyed by NDDM
with different mass ratios of MMA to BA

4% MMAMBARELI L* a* b* C K/S AE

C.LAMEEE 93 — 21.6 11.3 -22.2 24.9 16.7 2.82
NDDM 1:025 21.6 9.6 —18.7 20.9 16.8 1.03
1:05 21.8 10.1 -20.0 21.8 17.3 0.93
1:1 21.3 10.6 —20.2 22.9 18.4 0.69
1:2 25.1 123 -26.8 29.5 15.3 1.64

e =" RFEK.

K kiR
BERGE RN 1: 2. MMA fil BA ittt
J91 s 1, REHERFE] 5 min, LR IR XA LW
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Y (0, 21 i 1% 2% T RN 55 LA 10,

3 UL, YREHLERE 160 °CHE, 211 K/S
HAUCH 13.4, KEHLREETHE 2 180 °CHf, NDDM Zif7,
21 KIS 3 18.4, 4kZTHE 2 200 °CH, K/STH
ANFARSAR S, UEIH NDDM 340 [ (55 2 180 °C.

2.3.1

3 AR R T R LB Ot hE
Table 3 Color properties of NDDM dyeing polyester fabrics
at different curing temperatures

i LT /°C L* a b* C K/S
160 27.3 106 -24.1 263 13.4
180 21.3 106  -202 229 18.4
200 22.1 120 -23.8 266 18.3

a, a—160 °C; b, b—180 °C
F 10 ASTR) kst @35 5~ NDDM 4t 6 27 4 pg #m( )

w8 ) BB
Fig. 10  Section (top) and surface (bottom) of NDDM dyed
fabrics at different curing and temperatures
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El 11 5 C1L43HE% 93 & NDDM ( 1.2 il 4% )
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[ 11 28], NDDM 1E 150~185 °CIlH]44 ] i Hi
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UEE AV B AF [R) o s BRI S e, 3 e B AT
NDDM W) C.LAr U4 93 Yekbia il 167 °C.
I, 256K 10 nTA, MEBHLREE S T 167 °CHT,
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DSC curves of C.I. disperse violet 93 and NDDM

Fig. 11
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TR Wy RA R 3 B ST LR I kA 4 A B N U e g g ]
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SEATAG, SLIBYL, 4 Ui, BEE R A Ay
MEK, 21 KISIEZ S K, JFFE 5 min B IA3| 5
RAE, P4 S IE 5 ML B X F 32 T B e PR e A
A A B

a, a—0min; b, b—I1 min; ¢, ¢ —3 min; d. d—5 min; e, ¢—7 min
B 12 RGBS [ i L 2T i 3% 10 SEM & (L) Medkm i iR (F)
Fig. 12 Surface SEM images (top) of and section microphotographs (bottom) of polyester fiber at different curing times
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Table 4 Color properties of polyester fabrics at different

curing times

S WERT [B]/min L* a* b* C* KIS
0 36.7 2.9 -7.35 7.91 4.9
1 25.8 10.4 -22.2 24.5 14.2
3 229 10.0 -19.3 21.9 16.8
5 21.3 10.6 -20.2 22.9 18.4
7 222 11.7 -23.9 22.6 18.4

2.4 NDDM %@l

NDDM $L4e e @ LB & 13 fix . NDDM 4
iR LM TURL IS 5 7R IR 2T e 3w, ek AL
HET, METRNEREECZMR, K555
O e PR, R o TR ZE B
PR £F 2 R o8 L et /b i JUoRh A 2R 9 0 1R T
R e, R, KBS E , AT B R A
PR i 7 310 REF A T0F A 21 4k N %) 5 4 Rk 2 55 2 T

TELT YRR, B TF IR A

Kl 13 NDDM X ¥4 SL YL Ge (L B ]
Fig. 13 Mechanism diagram of pad-dyeing polyester with
NDDM

25 EALIHSLEAYHEEMFR

F 5 NBLEL YA LY A E T TR AR
5 WoR, FEEECRHEAN, NDDM Y (o 4V it FEE 52
I B YE R R, UL R NIRRT i, Xf
L) LR A YR E RE R . Y T e —
BF, PR BA LIRS AN, NDDM Yt (0 218y i B {5
I B Pe Bt SR . 4R 2 WAL, MR
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%39 %

FiEh 1:2, MMA Ml BA it 11 i,
NDDM Bt 4V HAT RAF R B etk ae, JF H A5
WA REYE 4 BNV L, 5 CLAHIE 93 Blic%h
GRAAEY, Hid )Pk COD {6k 312.3 mg/L,
H CLAMHEEE 93 Yt R T 58%.

5 R T RINIGTRRR T X e 0 219 F Bk
AERIREIT . [E5F MMA I BA WA 1:0.25
W, BEE AT BORI I IE N, Y (o 208 1 Tl 3 3 4 1
FHE TR, GRS, MXTFREER; T
Fiht tb—Ew, FA AR BA BORHERR I, %
i) NDDM 4t (o 204 ) B 3 55 R AIG, SRR 4R v, Ot

%5

WEFE MMA Fl BA Bialbbh 11 BFREIR K,
NDDM % e 1Y) 83 i 500 F C.L kR 93 B
FAERY LYy Horp Y5 e gy 10 2 MMA
I BA ikt M 1: 1 Bf,NDDM Y4y HA 55
B SR A BEERE . P A SR D M TR T B 0 Ak e AR U
JER R, YR RS INE LY RS,
MACERAR BA L] ) 2 e WA Bl 4 = 2R TR 0 TR T
MZEME, I RNIE TR ER SEXT SV F R . ok
TN 544 IR INIGIRBEC YA O¢, NDDM #%]
Y AAELT AE R A e la), 1) L RN BR TR 1) 1
%, LFYERIAFHXTAERE N, SR R AT,

VRS EL Y G U A2 K TR

Table 5 Color and hand feeling properties of polyester fabrics

i i B MMA;u BA Tl BESE (L7 B/ Tl RV LB/ s v ke W THE e JFEAX#
Jrisqia T ¥ wits  Asfs  COD/(mg/L) TE
BRI - - - — — - - 42.07 73.93 7174

C.LArH%E 93 - - 2~3 3 3 3~4 745.7 33.58  67.38  79.15  7.99
C.LAYHEE 93 R R A 77 - - 4~5 4 4 4 429.6 52.13 4948 7254  16.34
NDDM 1:1 1:025 3 3 3 3~4 502.9 40.78  62.68 81.81  8.50
1:2 1:025 3~4 3~4 3~4 4 463.1 4231 5949 83.50 10.12

1:3 1:025 3~4 4 4 4~5 413.8 4256 5811 8552 11.23

1:2 1:05 4 3~4 3~4 4 438.5 4182  60.03 8544 10.01

1:2 1:1 4~5 4 4 4 312.3 40.02 6235 86.04  9.03

1:2 1:2 4~5 4  4~5  4~5 232.4 3730 66.44 83.11  7.61

W YUY E SR 180 °C . BFMERTIE] S min, “—" FIRUMLIRAFAEH

5 pm

PR,

K14 CLAM% 93 (a) KRB (a'). m(MMA) : m(BA)J 1 : 0.25NDDM (b) JEUEE (b)), mMMA) : m(BA)
41:1NDDM (c) KBEBEE (¢') G40y SEM K

Fig. 14 SEM images of polyester fabrics dyed by C.I. disperse violet 93 (a) and soaped (a’), NDDM with m(MMA) :
m(BA)=1 : 0.25 (b) and and soaped (b’) as well as NDDM with m(MMA) : m(BA)=1 : 1 (c¢) and soaped (c')

Kl 14a &M, C.LOMHCE 93 YLt 2F 4R AT
FEF A/ NBORLRLT EARARER T, /INRL £ 2 R
ERAFgER YRR, B 14aml L, X LEGURI

RITE 285 W UE G FEA K, A e U AT IR Y,
X R WG R YRS 21 4R (W] R B 1% . [ 14b,
b/, B A A R ) SR DN A TR T M P A
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DI 52 NDDM 28 Bk e A — e B B AR,
Ay RS ELFYERIE, X RHBNERE T E
LA EA RAFOE . B 14c, o Bon, 25
BA BORH A5, 5 975 T 16 HE 28 48 2 AT T 22 T 6
BNTELT4E I, 254635 5 AT, N “RIPERESE” 3] “Z
PRI B4 A8 ] 338 58 6 B A Yol 1) [ jE R, i
R RNIGIRERE SR T R AERRE, WKRKTS
2T 2 v (A M TR, AT 5 28 2 1) B4 28 B A
W, I ELARHE B fh A AR TR 1Y) 3R N R iR LA
SRINZEYE, & THEER TN kRS, #F—2
P TEEEE S

3 #it

(1) NDDM il &t B rfr, 38 hnsehr st 2
IR BA FREL AR B TS g a2 )
Yok, Hid )RR FEEad @ BA HLBIH 2 i gl
HBE K/SAE T B[R]t

(2)NDDM (1) 5K P94 B2 e 52 X 5% 4 Yk A [ e
YEFT, OIS 35 8 v e €0 2L ) 174 45 0060 72 5 O %
R ) g VR AR COD fH..

(3) A2 O, O TS Y
gERL DS 1 0 2. MMA fll BA it 1 :
1 (T 254 NDDM, JF7EHE 180 °C R X &4
Y& 5 min, Je @AY B EERERAE, TR,
R YE COD AL C.LA UL 93 P R T 58%.
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