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Pad-steam
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Thermal and UV Resistance of Polytrimethylene Terephthalate
Bulked Continuous Filament (PTT BCF) dyed with Vat Dye via
Pad-steam Method and its Dyeing Properties

Hun Lee
Division of Energy & Optical Technology Convergence, Cheongju University
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Abstract This study investigated the thermal degradation and fading behavior of PTT dyed with vat dye
and its dyeing ability. The PTT sample was dyed with vat dye using an acid treatment and pad-steam
method to improve the dyeing performance. This method made dye particle nanosize and allowed it to
penetrate the polymer material easily. The sample dyed using the pad-steam method showed level dyeing
and enhanced dyeing affinity, compared to the batch-dyeing method. The degradation behavior of PTT
dyed with vat dye after each heat and UV treatment was examined with the change in tensile strength
or K/S value on the sample. The tensile strength and K/S values of the sample dyed with vat dye after
the heat and UV treatment decreased with increasing temperature and exposure time. Although they
showed high degradation under severe conditions, its rate constant was improved compared to the
samples dyed with disperse dye. Consequently, acid treatment and the pad-steam method resulted in the
introduction of vat dye on PTT. In addition, the PTT dyed with vat dye showed enhanced thermal and
UV resistance because of their high molecular weight and chemical structure for stable adsorption

behavior.
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1. M2
PET(polyethylene terephthalate)?} &g o2
siebd 2271 9 FARE PTT(polytrimethylene
terephthalate)= 1 553 E402 tiefst A0

&5 Z8HL et 55] PTTe 93 24435
g 9 Hedd, ¥ 52 1T 23l o] 7l

A% AsAF WAz gl ARGEL JITHII. °f
23 &= Al WrkR, Wed, 18al w2 9
AR =7 8=, FARE Golut ARejAdd] ofs He4
dofok gk, PTTE 71& BAMH=E ARESHei: 100 ~
110 °CollA FAo] 7hsstal A=zte] Xoko] PETH
o AA FREE ot AN PTT= Akel4lo]
U Gt g2 R0l ARt eEd A5 HAEA
I A 7k gsfel Qe HetadE devle A

e 7HAAL AEH2]
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Fig. 1. Dyeing mechanism of vat dye

Vat 9%=+= PETE HIES F474 48517] Yk
897 9 sfdio] QJst A7t olFolHHTt [3].
Fig. 19 £33t A3} Zo] Vat Fa2E= B0 E842 &
F&2 A0 i3k HgHdo] Ron, I TeLofA
A PolR= 849 leuco 49 FEHE J2F
Al 3 Agle] osto] AfitolA o] E84 da
2 EFAANAA 9 BAE GAske gEolth ot
B 3eA B0 Qe tE FRo] dEolA Pof
AR = %t 4 2 AlE AREE Z=THAL
PTTOl gt vat 59 G2 AEZ 2 AA Ao off
g Az oh2A B fAYUESS B3] AER
QAA A9 AL A @ FE o] o5 Tt &
o] 7184 leuco GO HFEE o] Akt WS
gt PTTY A9+ vat At Jejoll 4] L&A Ho = &
Zhe]o] 415t WSt T2 UREA O R var RO B
o EAEfo] Bt RS} vlwale] 331, YAHoz: &
31ed Fxo]7] wiZo] FRIL EAtdeHTE ol
th. O2%7] q&o) PTTO| vat §=59] GA2 durzQl
FAHET T B4ttt 2700 Qs Ao AR
PTTY] fefdol ke 50 ~ 60 °C ¥-2o2 d= I*
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G 2L= A9 FEY Mol LR} =2 257 I Q]
A =], gekEQl vat R0 G4 58 2%+ 60
°C oJstE 1 oldollA= Heho] Ayste] FR A
Sket Exrgol WSt "t A2 gEEd L
Al ARl leuco HAEHY vat GRE S0l HI,
PITE A =2 #H FAAE 7HA3L Qo] X714
s o2 Qls) dE F&o| oA Hrt. olHd £
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211 A2 2 g2
AE= HARRE ARSF R At A F4A47F
248 100 % PTTE AlZtol ARSI AlF
24 A= (Chip F#l)E BCF HAPSA(TW-503
Barmag, TMT, Japan)Z WAHY] filament FEiZ A
oticth WA 1300d/68f PTT BCFE 28ato] A7t
St QALE 2HH7|(6” diameter, Greenwood Corp.
model 6-CK)Z H/Adsto] Alg=® AREsHT

B 7o) AM2d vat ¥&S! ICI A9 Indanthrene
Blue BCx= EAFHof| N,N-dihydropyrazine 125 2t
L olEgHEA vat FRO|t} Vat PR AEZ QA
Al A=l digt Hsto] =1 4 U NEA=ETt ¢
SokA| 9 Tkl TASEE HASEY] 412 @] Ut
Fig. 2= Indanthrene Blue BCY] 3}5}1%9} o] & 3t
AR S-hAF leuco 3RS Fxo[Ht,
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Pad-steam H-& 83t PTT BCFo| thgt vat 989 FA EX3 IEA ¢ WA a7
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Fig. 2. Chemical structure of Indanthrene Blue BC
and its reduced compounds

F8 159 TYA 18] ¥-gsto] rE=F= 18
F9 EA W 423 ofA] g 7i2Edr] 2707
2HA=o] HA9] leuco SRMES Bk Aol LS
Yolct. ¥, 289 SUA7} vhSste] 4719 712H
47171 2% dxo] 249 dileuco d9HEo] TR0
A= Ao] FSkolt, FEho] vhystH JME9] At
o] Mot FxI&o] AstE|ug EFHo] Wagstal HA
AH&@/go] oz} 5].

2.1.2 AEY

ATl FARPERl MWL 12t A7
(Turbo Color, Ahiba, Swiss)& ©o]-&3s}o] 9H] 1:202
2 ARE A5t Rl EARIRS] g RAe
0.6 % ow.f. d=ot BAHA 1 g/L SE=E 98 °CollA]
GOEZH G APt BAdRO] M ojd A
oflxe] AAS wet FstirHel.

Vat @29 FMEAL PTT AlRZE 2 % o.w.f. (On
Weight of Filament) 52 30 °CoAH¥ &5}
98 °CollA 3087t a4 st EAHA Lyocol
RDNE 1 g/L, E9AI= Na2S204 15 g/L, ¥Ze=
NaOH 10 g/L, $A49L Na2S04 20 g/LE Ar&3HA
1, 489] pHE CH3COOHZ 8941 13744 A5+
ot GME AlgE 7] FolA ASAR & AgAI”
Neosoaper 2 g/LZ 60 °COolA] 1083 A 2fsto] 3H
of Bzt w1z d=E AASHIt. dME AEs E
Hol W] A A= AAE Aol TFFE S8 A
Shoich nE WA
Cabinet(SA0001, SANPLATEC, Japan)olAl 48A|7t

Auto-Desiccator
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2.1.3 Pad-steam

FMA FAE Y3t Pad-Steam B PTT ARE 1]
A AME9] vat 9& Indanthreene Blue BC 5 g/L
FAtAo] paddingstil, 120 °CollA 383 B3t ARA|
7}, o] T AR5 SUA| Na2S204 20 g/L, &Ze] NaOH
40 g/L, 549 Na2S04 20 g/L, oFM|EAF CH3COOH
9~11 g/LE 3 TFHo| paddingd & 55 °C
steamer©l|lA 582F Aottt A8 AH B F
7] FolAl AR Fofl 23 A|Q] Neosoaper 2 g/LE
60 °CollA 1043t A2jste] F2Hd vzt daE AlA
5toict. Padding Al A9 pick-upE2 70 %7t EHk=
g 4ol

Q I a Q
Padder Dryer  Padder  Steamer Wash
(Dye) (120 *C) (Agent) (35 *C) (Soap)

Fig. 3. Schematic of Pad-Steam method
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7+ N5O] B4R gt GAEE dotly] s
Azl w2 @FEro]l WIlE DyeMax L system
(Dyetex Engineering, $t)& AR8oto] AmHSiTh
UV-Visible Spectrophotometer(HP8452A, Hewlett
Packard, US)7} 4Z2¥ 1-23% F27](Turbo Color,
Ahiba, Swiss)& o|gsto] FMsly, Jnf FAo g7
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Where, Ao : Absorbance of initial dyebath, A: :
Absorbance of residual dyebath
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2.1.5 Ex2| L XM ZA}

BAGRE JME PTT BCFY I3 ol 93t 3}
T} EJAASS Dot 7] fiste] AlRE IR
A el A 2ARE XS & 1 WSk S5
th FMSE A B AFE(Thermofisher Scientific,
Kor)& o]-&3te] 27+ 83, 100, 120, 150 °Ce] &=
A 40, 80, 120, 160, 200 A7t &<t EAHEE FoH
. AYH A dAE ARE Q-SUN
1000(Q-Panel Lab Products, u©]=)& AR&3}d
Irradiance 1.80 W/m2 (420 nm)Z Z}Zr9] 2% 65,
83 °C ZA0)A 40, 80, 120, 160, 200 A7t St X2
Shoich

X
o

2 WA AFAE &
H)o g W= EA Y7 (Instron Tensile Tester, US)
£ o]g3sto] 4ot

2.1.7 Color yield &3

G} Ao} 4of OJgt Alm o] EAAES AmET] 95t
of FME A®E UV-Visible spectrophotometer
(COLOR-EYE 7000, Macbeth, US)& ©]-835to] ¥bA}
&2 Aotk 4% SRS Kubelka-Munk2]ol
o3 Mgt daszol vl sk K/S ¢oE A4St
A # AL AR Mt 35 H71E 4= Qlok wE
et K/S 719] BALS Thee] Bq. Q)2 AL

K _(-8F

g 2R )

Where, K: absorption coefficient, S: Scattering

coefficient, R: reflectance

2.1.8 Mzt =4

FAE Aol AT 9 AJH 2AF A} 79| HA
HEE UV-Visible spectrophotometer® CIE
L*a*b* A|AR]oZ M} (4R)E AbEste] B7tshrt
0| H= A9 FHH(L, ai, b)Y HlIEE 449
FHH(Ly, az, b)E F M9 2}oli= Eq. (3)°l] 9Jsf AlLk=l
=g

26

Al = [ = Ly

Aa = az - ar

Ab = by - by
AF = VJAL? + Aa? + Ab? )
Where, L: lightness value, a and b: color

channels, 4E: color difference
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2.2.1 Vat 29| HAid

ZZAqA 2= Hglo]| IE UV-Vis 2HMEHS HoF
I e d759 FReSiPH(Amax)S 718 nmoA Y
B, 60 °C7HA| S8%7t S7etal 11 oY) ==
A fadte 2348 Bt &, 27 3SR E &

A7t du 208 ol5dl= Blue  shift
(hypsochromic shift)7} golgS &I = AUt

ol 257 7FE 600 nme] FYolA] okt g
o371 A1 A Mol ZMo R Hsl= A0R
FE7F M E S-S AYshe Aotk TRk WAA|
HefE o]t e 9= Y leuco SJRHE9] skt
TRE ol Aol "t [7]. Vat F&9 2719] 7}
25975 s A 89 A 43S vat =
o} 5L BAY 42T oto] AREA7T HH
A& FASH S Hrt. v 4719] FtEHE |7t
25 ShE= ARk A9 £ 4EA o] §lojA|
WA FHgo] o= Fdo|5Age] ATEHEA «
AAte] 50| XetElo] Blue shift7t @A§sHA Hrt

16

Absorbance

550 600

Wavelength {nm)

Fig. 4. UV-Vis spectra of vat dye at various
temperatures
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Vat 9=9| A& TA317] A3l A=S 7HSHA
T AR A7Iste] AR Afol27} Ui el fAs)
=5 TEolth A Al B IHE A e var A&
WA 7= dE)d Ehgo] 7HEIIAIR & Tehelo]
WAYS7] Ao] Ahe A7ste] A B840 % RhEolE
A= YA 719k Aok k. A A2l E 3 A= dA
2717} AHE e wiEnt o ZopA A7 gt
& 5ol & Sl R AHiE "ok Fig. 5& 271 ¥
IHE i o] var A= AAF 719 AL A
o vat B8 YA 719k RES 4T oIt Var A
=5 T2 8ol ZM8EMITL F 7 pHOlA At A

7

gul

2g si9e 1 Zzte] Q7 a7]e] Hake UEhgict,
35
pH8
30 -
—————— pH 11
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25
g 20
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sl
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Fig. 5. Particle size of vat dye at various pH after

acid treatment

A AE)E 1] 2 pH 13Y diich A A E st
pH7} Roldas AR A9 27171 § AopglE g}l
S AT o= M F TEhlo] WAYsH] Aol At
A g oA E84S UA vheo] AR dA A
715 ZHA WHES7] diZelth o]AL Vat H=o YA
3717} FolAA A& ez ¢ F HES 4= 9low,
AR} Bt GAgEE ZAES
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o]
~
kS
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Fig. 6. Absorption of vat dye at various pH and
temperatures
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ohFet pHollA &0 T2 Vat =9 HEsn
% (718 nm)9] TB= WSS Fig. 60 UeRRIT) 4
S H7FeHA] 2 &2 pHOlA KL 4k H7lste] pH
7} RoldeE YLt MM TASIY ol A
A7¥ete] =9l 3717F e YRR THECIRL, vat &
29| FFhedo] WA= 7] wfEolct.

A9 Rl HAHO R vat F=EE PTT BCF AlRe] &
A5t AMAZE 60%: 01T 2F F280] 95 ~ 98 %=
A9l BE A=t AR Qtof] =9It AF A& 54
o2 pH 13014 G 3§ AlEFo] B+l Age
o, Yoz 279 Age 499 AIES Bt o]
of Az] Igoz AMHE AlgES B FaE|o] 9]
= F&E AAsH] #I8l soaping IE AXHA #H
o] w|312} var AE7F AAHCE Fig. 72 JFPoR 4
ARk A& soaping 17 £9 K/S & sHEE
ehdl Aojct,

o4 9ol 400 ~ 700 nm 7oA 10 nm 7+ 2
2 248 K/S 3h PAR FURO] A G HlE
oto] dE7t AlgoA BEAURE % Akttt 1
A} soaping F oF 45 %9 EI} A RERE EEE
Qrh. o]AL BEAjeko] & var FEI G TFolM &
ol AR YRR F2E7] oj#ig] Als mHd £t
A, AR9] Aoz Q3 84 Bz d=
27} H5to] soaping IAoNA AAE7]7} 47] Wil
o}, pHoll W K/S #te] Wsks 2d AkS 7o) pH
£ FHEFE A= A9 77t FolHA A= ke

I ESF X~ = (o]
2 Z A5 5 7] &l K/S gol AZES Bk
18
—_— H 8
16 ° EHQ
———w—— pHT1
14F | ——w— pH13
— —= —  pH 8(soaping)
12| | ——o—— pH(soaping)
— —e——  pH 11(soaping)
® pH 13(soaping)
2 10f
g
Q
X
ol
ol
2308
0 ‘ ‘ ‘ ‘ ‘
400 450 500 550 600 650 700
Wavelength (nm)
Fig. 7. K/S value of vat dye on PTT BCF at various pH

by batch-dyeing method
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———y———  pH B{zaapirg)
gl | ——— g 13smang)

KIS walue

500 550 Lali] 50 7aa

Wavelength {nm)
Fig. 8. K/S value of vat dye on PTT BCF at various pH
by pad-steam method

Pad-steam HOZ FASH A7 soaping AT} &
9 ool mE K/S %2l WSk Fig. 8ol YT
FHES] Mk & 10 nm HEOZ K/S #& &3
sto] =7t AlmolA B U= g WSkt 1
A3 oF 15 % A=2 JAHET A 12/0] I
AL, FA Al A 7T AR K/S B2 4k H7bet
A &2 A& K/S gHEth =4 Uehkth gybael A
HET ST SEA EFHY] LA padding
14/ F7] A= pad-steam FAHC] &
F27F Algol d&tet=dl 2ol fEsk] wizoleHs).

2.2.2 Vat gz FMSH PTT BCFe| Hoi| 25t 3t

U S

IEA £ Hofl o3t 7|AA AEe] WSk iR
o] eha-4s B BhA-ThA ZRlo] Fofl ofs] 2ol
o] g4 Firjzo] FAdHIL, o] o]o] Abae} HkgSio
A& o7 4kehkgo] dofuk= Ioltt. [9,10] &, PTT
BCF&= ol ofs 4tahikgo] Xgge|ar A} FARE0] A
HElo] BARG At dofdth o] @42 PTT BCFY] &

o4 4] Fas b UsH ek

1

095

090

0&5

08 .

Retention of tensile strength

Exposure Time (Hours)

Fig. 9. Retention of tensile strength of PTT BCF
exposed at various temperature
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Figure 32Fig. 92 @8] 2=o] WE vat F=2F
AAE PTT BCFY AT WHSHE 242t Uehd Ao]
o} QALY Bz A AY IFHEE S, A F
9] JIFAEE SE HIl §/SeE AKtste] df A&7t
74 FFEANA A2 AT Azl wE Bist A s
HEE2 Yot BE GA2] oA Alzte] Ag4:
5 A= Aske2 AR e, £3] 150 °Collxle =
SAIZ] I A= A5kt 3A UERTh ol &
AlZre] 2o L&H Alee 4% QAo R <l
gt AR9] ZrAsHt 71453 E 7] wiEoltt. whHA
83, 100, 120 Tl 204 LE2AHE W AL
=5 % olHY BEASR 43 = FAE Hoith

Foll 93t FH3t £x4)9] 7187191 S =
0] wEhA] Wstels 8 ARA WREEES 2715 UE
o W9 f-8sith [11). Var d=& JAgH PTT
BCFY] &of 2QJgt H3} £x4l2 AAXE 7HF LARSH
Al EA7I= A4 Eq. DE AAste] FLAF
In[F/Folet A7t 7} AA#AC|ER AJ7to] wE
In[F/Fol®] WGt 2 HE &4 kE 7 & AUt
o714 GAT BFES Hole =E:ARelA Y HlolE

g Agsle] o S k1€ ok
InF =InF -k

=

A
=
A

=

4
Where, Fi: The value of sample at time T, Fo:
Initial value of sample, t: time, k: rate constant

Fig. 102 vat GEE AT AR 3t S
£ ol AFolA EAERE FATH AR EHS &
LAt vl Aojoh GFS SrAo] doizke 2
5 35} vREEert HEths RS oReith

30t o
—— Sample A
O Sample B
g 25¢ —¥— Sample C
o
<
& gl
£
g 15}
@
2
8
o 10F
T
x
05f
0.0 . . . . . . .
80 9 100 110 120 130 140 150 160
Temperature (C)
Fig. 10. Thermal degradation rate constant of PTT

BCF dyed with vat and disperse dye



Pad-steam W& 83 PTT BCFo t& vat 489 F4 EAT WA 2 W3 &7

Vat G422 JAgH A|E7F BE A 2% 83, 100,
120, 150 TollA GF3}t 45 vlol= 717 &
o] FAIE R QMT AR HT} 2551 UEltt E9]
150 °C 204 Al59] EFst &=t A5 T4
H9& & 5 ok & Eofl gt AR HSh= vat 9RE

%7t WE A7H7E glol dAs] gA
om|gtc}. ol A= Qs R/} F7tsto]
P Aol vat H=o] & BEAg} egEo
2 A7) dEE EoR 3] JAEE Aol 2
2202 AR H7HR QIgt G35t A avtEct

=4
QA
-O_

var GEE QI3 oA Tt Folutkn & 4 drk,
10
—e— 8T
g 100 U
8 ————— 1207 T -
- 160°C -
3 e B
@ B -
2 #
=1 o
2 . ~
& }7/ 4
- -
2 B R
4 e i ey
. S
an a0 120 1E0 200

Exposura Time (Hours)

Fig. 11. Color difference of PTT BCF treated at
various temperatures

goll 9J3t PTT BCFY vat ¥R FEA &HrAke
k2E F517] {l9f Fig. 12 AEXE 7P ZARH %
A7l Eq. D B4R E8olgitt Vat 98=E &
AeE A mo] N St BAARE MG AR
o] IEM L£EASE Fig. 149 ¥ w5ttt

—e— Sample A
O Sample B
—+v¥— Sample C [o]

Rate constant (k;, 10"%/hour)

160

Temperature (C)

Fig. 12. Thermal fading rate constant of PTT BCF
dyed with vat and disperse dye
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HitdEs 9" Alm (A9 Be A 227t
S7heol wet Qe Krifart At or S
Sto] HEM o] dofjub= Zle & o et AR vat
22 G AR (O EAE 227t 3718t E EF
A Frt 3A S7FHA gl W2 SEAE /A
Ak 5 AR E GAE A= ARPERIA7E 47
o] GEN £r7t s AEE vat GRE ]It &

B4 oA B3 e bt §3] Budzel
A9 150 °C DLAHE el A3 Holrr]

Bl vat e A20]AE EAEG0] JAEE Aol
Hgelol FAIE. ol vat F=7F ol o) A=
olld 278ePt dojun, w2 ZAFeR Qlst o+
o= uifo] |ztEr] tEos dyHct

223 Vat == FMot PTT BCF2| &0

U B

olgt %3t

PTT BCF9| &of ot Atohiha2 ©<=3] sfobdst
o] FolFoEn MAEATE, FEo-e2 fsha o]
AR AR SE/EH olv Al AEddS
AAe By drvses dgEnt. 2242 200
~ 400 nm IHFE] &2 AUAIE 7L QLo TGS
A7IA71AL, T OFE2 AUAIE oleAA E3fikee
Zsto] FsFAAT EAAdo] WehA "rH12,13].

Vat 982 A% PTT BCFE A4 A & =&
AR} 2o mhE Q7S] Hsh g Fig. 159
UERAQITE AFolA FAF 2E7F Hobd g P A
shaol AAlE A% AT 4 lon, FARE 59
=22 9F 30 ~ 35 %7HA 9] AskeS Bt ol A
A 2ARR QIR FARE A} HEo] WA ] FHet

7t A1 Qolkee elulgt.

1.0 =
.
02
& R Rt
=]
g \\
= 08 -
B S
f .w,,‘_h_%
g o e
k=] o
=
=4
= 06
&
@
[
05 —— 65
o 83 -
y
00 r
0 i 1] 120 160 2m

Exposure Time (Hours)

Fig. 13. Retention of tensile strength of PTT BCF
exposed under UV-irradiation



SHEARSH7| &38| =2 2] A218 Al12E, 2020

Vat §EE FASH A& PTT BCFY AoJAlof oJgt
Hst £x4l2 Fig. 159 2FE 7P ZARHA US4
7= B84 Eq. (DE 2t =44 k3E 7519
o} BAEE FAs AR (A), (B)2 vat GEE FM
g AR (09 FHs $244E B|wsto] Table 19

ekl

Table 1. UV degradation rate constant (10 hour™) of
PTT BCF dyed with vat dye and disperse dye

Exposed Temperature
Type
65 °C 83 °C
Sample A 1.78 2.04
Sample B 1.84 1.89
Sample C 1.72 1.79

£719] HF5H Foui o] ofs) AQEE et
olgh BA ARo] Aol 7|9IE], AR Egt o]y
Ag wop Balg Lozt [14]. ol=<Is Aro| 2
o)A AR Srigo] TEA Ao ARg 23
A7V S e sl B} 7MstEel] v
B} SEAS7 37 dehdt) BE A7t B &
SolqET B 2ro] Aol w2H A97t Fo|
ot AT Asjo] oket e R} ol Aol
A A LE7h Z7104E ool ofs) s
grizo] 718t} AlsESo] Fh&shElgly] W]t
T var GRE FHT ARV BAAEE JAT AR
stk 5} SEASTE A UeRdeh 4700 var A
= Qg Ame B3} O9A Tt s Aol 35
Ag 71514 QgkeolE B7shn BAIRO] A9n
o 9%t Bt o] ATE BTk AL Var AR
o s EAjet rgAel sk 7 BRejEgol
A el eege] Wil 8olsia o oAs]
ugos Folgt

()83

o8

EJ

ER =
Wavelength (m) Wavelength (m)

Fig. 14. K//S value of PTT BCF exposed under
UV-irradiation
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Fig. 15. K/S ratio of PTT BCF exposed under
UV-irradiation
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Fig. 16. Color difference of PTT BCF exposed under
UV-irradiation
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Table 2. UV fading rate constant (10 hour™) of PTT
BCF dyed with vat dye and disperse dye

- Exposed Temperature
pe 65 °C 83 °C
Sample A 3.39 3.75
Sample B 3.55 3.76
Sample C 0.39 0.49
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