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Table 1 Representative methods for preparing hydrophilic synthetic fibers.

Methods for preparing hydrophilic Hydrophilic properties®
Classification synthetic fibers to be attained
Chemical method 1) Copolymerization with hydrophilic A B
monomer (s)
ii)Graft polymerization with hydrophilic A B
monomer (s
iii)Blending with hydrophilic compound (s) A B
iv) Chemical modification of fiber A
surface
v) Conjugation with hydrophilic com- A B
poun'tﬁsl
Physical method vi)Various treatments to increase fiber A
surface area

a) Properties [A) related to fiber surface and (B] related to fiber subsirate,
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Fig.1 Effect of temperature of pretreatment
on grafting of acrylic acid onto poly-
(ethylene terephthalate) (PET).
Pretreatment: Emulsion [benzoyl peroxide
(BPO) /monochlorobenzene/polyoxyethylene
lauryl ether (HLB=16)/water= 1/8/2/1000
(by wt.) ], 30min.
Grafting: 10 vol.%(1.64 mol/l)acrylic acid
aqueous solution, 60min. at 100°C.
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Fig.2 Relation between conditions(temp.&
time) of pretreatment and percent graft-
ing of acrylic acid onto PET.
Pretreatment: Emulsion is the same as shown

in Fig. 1.

(O);9%0C, (@) ;:85C, (A);80C, (A):75C,
(B) 10T

Grafting: Conditions are the same as shown
10 Bigs I
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Fig.3 Decomposition of BP0 in pretreatment.
Emulsion is the same as shown in Fip. ).
Reaction time: (O) ;30min., (@) ;60min.
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Table 1| Effeclts of organic solvents used in
pretreatment on grafting of acrylic acid
onto PET.

Solubility Grafting of

Solvent parameter acrylic acid

(cal/m*)'72 (% )
Hexane 7.3 4.3
Cyclohexane 8.2 4.0
Xylene 8.8 4.2
Trichloroethylene 9.2 7.0
Monochlorobenzene 9.5 7.6
Tetrachloroethane 9.7 T-7
Acetone 9.9 K
o-Dichlorobenzene 10.0 Tl
m-Cresol 10.2 3.3
Methyl benzoate 10.5 7.3
2,3-Butanediol 11.1 4 |
Benzyl alcohol 12.1 3.0
Ethanol 12.7 2.9
Methanol 14.5 2.9

Pretreatment: Emulsion [BPO/solvent/polyoxy-
ethylene lauryl ether (HLB=16)/water=1/8/2/
1000 (by wt.)], 30min. at 85C.

Grafting: Conditions are the same as shown in
Fig.1.
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Fig.4 Relation belween solubility parameter
(6) of organic solvents used in pretreat-
ment and percent grafting of acrylic acid
onto PET.

Pretreatment and grafting: Conditions are
the same as shown in Table 1.
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Fig.5 FEffect of the interval between pre-
treatment and grafting on percent graft-
ing of acrylic acid onto PET.

Pretreatment: Emulsion is the same as shown

in Fig.1l. 30min. at 85 C.
Grafting: Conditions are the same as shown

in Fig.1.
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Effect of grafting temperature on per-
cent grafting of acrylic acid or styrene
onto PET.

Pretreatment: Conditions are the same as
shown in Fig.5.

Grafting: (@) ;acrylic acid, 10 vol. %
(1.64 mol/1) aqueous solution, (O) ;styrene,
5 vol. % (0.46mol/1) emulsion. 60min.
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Fig.7 Effect of grafting time on grafting of
acrylic acid onto PET.
Pretreatment: Conditions are the same as
shown in Fig.5.

Grafting: 10 vol % acrylic acid aqueous
solution, at 100 C.
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Grafting of various vinyl monomers onto
PET.
Pretreatment: Conditions are the same as
shown in Fig.bh.
Grafting: (O);acrylonitrile, (A); methyl
methacrylate, ([J);styrene, (=3);methacrylic
acid, (@) ;acrylic acid, (A); acrylamide,
(mm) ;vinyl acetate, (W);N, N-dimethyl-
acrylamide. 60min.at 100 "C. Under these
reaction conditions, grafting of neither
N-vinyl-2-pyrrolidone nor sodium vinyl
sulfonate onto PET took place.
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Parameters of radical polymerization, solubility parameter (&) and percent grafting

Table 2

of various vinyl monomers.

(% )

Grafting
Monomer concentration

&
(cal/cm3) /2

kp [*C]
(1'mol-S)

e

Monomer

10 %

%

5

2.8

T
29,

1.0

4.
1.2

18,000 [25)

1.190

0.770
1.200
-0.500

1.120

Acrylamide

6

1

12.

150
0.600

1

Acrylic acid

10.5

1,960 [60]
11,000 (50)

Acrylonitrile

0.6
18.

3
1

0.

11.

1.080
2.340
0.740

N,N-Dimethylacrylamide

8.
13.8

6350

0.

Methacrylic acid

22.8

8.8

734 [60]
176 [60]

3,700 [60]

0.400
-0.800
-0. 220

Methyl methacrylate

Styrene

14.0

13.5

9.3

1.000
0.026

0

0.9 2

0

9.

Vinyl acetate

Pretreatment and grafting: Conditions are the same as shown in Fig.8.
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Fig.9 Grafting of monomer mixtures onto PET.
Pretreatment: Conditions are the same as
shown in Fig.b.

Grafting: (O);acrylic acid/methacrylic
acid,

(@) ;acrylamide/methacrylic acid,

(A) ;acrylamide/acrylic acid,

(A);sodium vinyl sulfonate/acrylic acid,
([]);N~viny1"2-pyrrolidune/acrylic acid.
Monomer concentration: 5 vol.?%, 60min.
at 100°C
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Fig.10 Grafting of acrylic acid, methacrylic
acid and acrylic acid/methacrylic acid
(mol.ratio: 4.5/5.5) onto PET.
Pretreatment: Conditions are the same as
shown in Fig.5.

Grafting: ( O ); acrylic acid/methacrylic
acid (4.5/5.5), (A ); methacrylic acid,
( O ); acrylic acid, 60min. at 1007C.
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A.Original PET B.Acrylic acid/methacrylic
acid grafted PET.
(grafting 14.4%)

Fig.11 Scanning electron microphotographs and
cross sectional microphotographs of
original and acrylic acid/methacrylic acid
(4.5/5.5) grafted PET fibers.
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2 Moisture regain of PET fabrics grafted

with acrylic acid, methacrylic acid and

acrylic acid/methacrylic acid (4.5/5.5) :

at 20°C, 65%RH

[(J- M : acrylic acid grafted PET.

A - A : methacrylic acid grafted PET.

O - @ : acrylic acid/methacrylic acid
grafted PET.

Filled and open marks denote grafting in

the acid form and the Na-salt form, re

spectively.
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Table 1 Effect of emulsifier on grafting of acrylic acid onto PET*'.

Weight increase (%)

(A) (B) (c)
WiLhout ExlLraction Extraction
exlraction with boiling with boiling
(only rinse) water 0.02% Na2C0s
Emulsifier ' (2hr) aq.soln.
No. (wt.ratio) (2hr)
1 POE-L/ZABS=100/0 18.4 ) A 7.3
2 POE:=LAABS= 75/25 12.2 9.3 8.8
3 POE-L/ZABS= 50/50 8.9 7.6 7.5
4 POE-L/AABS= 25/75 7.3 6.3 6.4
5 POE-LA/ABS= 0/100 6.2 5.5 5.2

a) Grafting was carried out with emulsion consisted of BP0, monochloro-
benzene, emulsifier and water (1/8/2/1000 by wt.) containing 5.0 vol.
% acrylic acid.
Grafting: 60min. at 100°C, Extraction: (A) — (B) — (C).

b) Emulsifier: P O E - L =polyoxyethylene lauryl ether (HLB=16),
A B S =sodium dodecylbenzenesulphonate, P OE - P A =mono (alkoxy
polyoxyethylene) phosphate (IILB=14.9)
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Fig.l Grafting of mixtures of acrylic acid
and methacrylic acid onto PET-

O = 1=8iep method---Emulsion;BP0/mono-
chlorobenzene/mono (alkoxy polyoxy-
ethylene) phosphate (HLB=14.9) /water
=1/8/2/1000 (by wt.); Monomer conc.
9.0 vol.% ; 60min. at 1007C.

® : 2-step method---Pretreatment and
grafting; Conditions are the same
as shown in the previous chapter'’ ;
Monomer conc. 2.0 vol.%.

Lmﬁ%ﬁiﬁg‘HT®7§7b§%uﬁUT%/vﬁm,AA/MAA=

2.5/7.5(%»&)@ﬁé%}?—%mh‘$££07“®M&uﬁ&5

K (5 F) TIT-7
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Fig.2 Effect of grafting temperature on graft-
ing of acrylic acid/methacrylic acid (mol.
ratio=2.5/7.5) onto PET.

Grafting: Emulsion is the same as shown
in Fig.1(1-step method); Monomer conc.
0.5~2.0 vol.% : 60min. at various temp.
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Grafting (%)

Polymerization time (min.)

Fig.3 Percent graflling of acrylic acid/meth-
acrylic acid (2.5/7.5) onto PET as a func-
Lion of Lime.
Grafting: Emulsion is the same as shown

in Fig.1 (l-step method); Monomer conc.
1.5 vol.%.
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w
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Crafting rate at 5% graft (%/hr)

et
w

Fig.4 Arrhenius plots for grafting rale of
acrylic acid/methacrylic acid (2.5/7.5)
onlLo PET,

Grafting rate was calculated from Lhe
results at 5% graflling.
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Fig.5 Effect of Na.CO: on pH of grafting emul-

: . g 1 : : ‘ting emulsion on
sion and percent grafting of acrylic acid/ Fig.6 Effect of pH of grafting

methacrylic acid (2.5/7.5) onto PET.

Grafting: Emulsion is the same as shown

in Fig.1 (1-step method); Monomer conc.
1.0 vol. % ; 60min. at 105%C.

Before grafting reaction, Na.C0s was added
into grafting emulsion which contained

monomer and pH was measured.

grafting of acrylic acid/methacrylic acid
(2.5/7.5) onto PET.

Grafting: Emulsion is the same as shown
in Fig.1 (l-step method) ; Monomer conc.
0.5~0.6 vol.% ; 60min. at 105°C.

Before grafting reaction, pH of grafting
emulsion was adjusted with NazC0s.
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Fig.7 Effect of heat treatment of PET yarn
on grafting of acrylic acid/methacrylic
acid (2.5/7.5) onto PET.
Heat treatment: 20min.
Grafting: Emulsion is the same as shown
in Fig.1 (l-step method); Monomer conc.

1.0 vol. % ; 60min. at 105%C.

In this experiment, flat PET yarn was used
as a sample. In other experiments, double
knits of textured PET yarn were used as
samples.
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Fig.8 Relation between conditions of alkali-
treatment and moisture regain at 207C,

65% RIl and strength of acrylic acid/meth-
acrylic acid grafted PET fiber.
Alkali-treatment: Na=(C0s aq. solution;

30min. at 80°C; lig. ratio 1:100.
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Fig.l1 Relation between moisture regain of
alkali-treated AA/MAA grafted (10.8%)
PET and hardness of alkali-treating water.
(moisture regain at 20°C, 65% RH)
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Table 1 Metal analysis of alkali-treated AA/MAA
(10.8 %) grafted PET

Exp- llardness of alkali-Lrealting Metal content (ppm)
No. water (ppm as CaC0a) Na Ca
1 0(the same as Ref.2) 9400 5
2 5 7680 1200
3 10 3390 1770
4 20 990 2010
5 30 1070 1970
6 40 1100 2180
7 50 1100 2100
Ref. 1 grafted PET;Acid form none 2
2 Na-sallt form 9400 5
3 Ca-salt form (1) 630 12000
4 Ca-sall form (II) none 500
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Table 2 Effect ol a sequesltering agent on alkali-treatment
of grafted PET®.

Addition of Metal content of alkali-treated
Exp. No. EDTA ™’ grafted PET (ppm)
(g/1) Na Ca
7 0 1100 2100
8 0.1 7800 860
9 0.2 9350 9

a) Alkali-treatment was carried out in 2g/1 NaOll for 30min.
at 80°C, with EDTA ™.
Water of alkali-treatment contained Ca®* ions of 50 ppm

as CaCOa.
b) Tetra Na salt of ethylene diamine tetra acetic acid

(sequestering agent)
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Moisture regain (%)

Grafting (%)

Moisture regain of grafted PET fabrics
at 20°C, 659% RH.

Grafting was carried out with emulsion
consisted of BP0, monochlorobenzene, mono-
(alkoxy polyoxyethylene) phosphate (HLB=
14.9) and water (1/8/2/1000 by wt.) con-
taining 0.5wt. part of Na:(C0s; and a cer-
tain amount of vinyl monomer. Vinyl mono-
mer; acrylic acid (AA), methacrylic acid
(MAA) :Grafting condition; 60min. at 105°C
under Nz .

® : Acid form of AA/MAA (2.5/7.5 mol.
ratio) grafted PET
@ : Ca-salt form of AA/MAA grafted PET
O : Na-salt form of AA/MAA grafted PET
: After 5th home-laundering (HL)
with city water
@ : After 5th dry-cleaning (DC)
: Na-salt form of AA grafted PET
: Na-salt form of MAA grafted PET
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Table 1 Melal analysis of AA/MAA grafted PET®!

Metal content (ppm)

Sample
Na Ca Mg Fe
PET None 2 1 2
AA/MAA grafted PET Befor laundering 9350 12 2 3
(Na-salt form) After 5th laundering 1035 9835 1629 53

a) Grafting: AA/MAA=2.5/7.5 mol. ratio; percent grafting; 10.8%.
Alkali-treatment of gralted PET: 2g/1 Na.C0s: ag.soln.; 30min. at
80°C, lig. ratio 1:100; Deionized water was used.
Laundering: 1g/l synthetic detergent aq. soln.; l0min. at 40T,
lig. ratio 1:200; rinse 10min. al 40°C; City water (total
hardness 24.0 ppm) was used.
Analysis; Alomic absorption analysis.
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Fig.2 Wicking behavior of grafted PET.
(Symbols are the same as shown in Fig.1)
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Table 2 Cross section and density of AA/MAA

3. 2. 2 757 NEADPE THEEEME~DZE

grafted PET filament.

AA{'MAA Cross section Density M3k, (AA/MAA) BEE€/2-%9%&15%%757 EAL-PE
grafting
(%) Shape®! Relative size (g/cm?) THMED, BiMERy (2 0°C. 6 5 %xw) SEFEE (2 0°C) TO. lih— Al

5.6

@ |

MTHb, HBOI-HIZ, RAEPETRHICDLWTOERLRLTH S, £3
3. 757 MRORIS Z 0 % AR OB - SN O 9E BRIETE TH 5, T

100 1.4035 |
RNEED 2R, 757 MEOWIMEE bic, X5icNalliftick -~ TETF
S
104 1.3988 ~“r
e
~
9 4
0]
b
i )
v
110 1.3970 L
0 4 '

15.9 &

23.0 @ @ﬂﬂ&iiiQib

L
0 10 20 30 L0 PET.A.B
L 1 1 1 -
0 10 20 30 40 C,D
Strain [o/n}

PET filaments.

Dry condition (in air of 20°C,
659 RI)

-—— Wet condition ( at 20°C )

A: Acid form of grafted (9%) PET

. 120 1.3923
Fig.3 Stress-strain curves of AA/MAA grafted

128 1.3877

C: Acid form of grafted ( 15%) PET

% .. B: Na-salt form of gralfted ( 9%) PET

D: Na-salt form of grafted (15%) PET

a) Samples were dyed with C.I.Disp.Red 60 Upper horizontal axis corresponds to
(1.0 % owe) after grafting. PET, A and B. Lower one corresponds to
C and D.



Table 3 Initial tensile modulus of AA/MAA
grafted PET filament.

Initial tensile modulus (g/d)

Grafting Dry condition Wet condition
Form (%) (20°C, 65%RH) (207C)
Acid 0 24. 17 23.8

5.6 23.3 20.8

9.1 20. 1 19.4

15.9 18.8 18.2

23.90 17.6 16.8
Na-salt 5.6 21.5 20.4
9.3 18.7 17.0

15.2 17.1 12: 7

21.6 16.3 182
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Fig.4 Takayanagi's mechanical model.
A and B: PET, C: Grafted polymer
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Fig.5 Stress-strain characteristics of AA/MAA

grafted PET filaments as a function of
percent grafting.

O : Acid form of grafted PET

® : Na-salt form of grafted PET

D : Denier, DS : Dry strength,
DT : Dry tenacity, D E
STio : Stress at 10% elongation

: Dry elongation,

IR v I e W A ) BRI
50 100 150 200
Temp. (C)

Fig.6 Temperature dependence of tand .
O = PET
@® : Acrylic acid/methacrylic acid
grafted (15.9%) PET
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Fig.7 Effect of temperature on elastic recov-
ery from 5% elongation (ERs) of PET

filaments.

0 + PEY

® : Na-salt form of AA/MAA grafted (15.2
%) PET
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Table 4 Anti-pilling property and tearing strength
of AA/MAA grafted PET staple plain knit.

Tearing

Anti-pilling
Grafting --I..C. I.method i
(10ltr) -~ direction--
(%) form (grade)
0 = 4.6
0.2 Acid 4.2
10.2 Na-salt 3.9
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Fig.8 Melt-proof property of AA/MAA grafted
PET fabrics.

"Melt-proof" is characterized by the
lowest temperature at which the glass
ball ( ®=1.5cm, wt.=1.5g) can penetrate
through horizontally held sample fabric.
O : Acid form of grafted PET
® : Na-salt form of grafted PET
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Fig.9 DSC curves of melting (A) and recrystal-
lization (B) of AA/MAA grafted PET [acid

form] .

Scan speed: melting= 20°C/min.,
recrystallization= 10°C /min.

Atmosphere: N: gas
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Fig.10 DSC curves of melting (A) and recrystal-
lization (B) of AA/MAA grafted PET [Na-

salt form].
Measuring conditions are the same as

shown in Fig.9.
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Fig.1 Apparatus for measuring dynamic visco-
elastic properties in water.
A: Eliminator, B: Amplifier and oscilla-
tor, C: Oscillating section, D: Slider,
E: Water bath, F: Slit (Width=5mm. Water
overflows through this slit.), G: Sample
(Sample is held under the surface of water),
H: Heater 1: Thermometer, J: Thermocouple,
K: Pump, L: Thermoregulator.
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3. | 757 PREPHRREL ORR

[M2ic. (AA/MAA) BEBE€E/)=—%757 bEALELPET##EDY S
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HRRBICERBILALEBHONT, 757 b8 0 %L LM TR, WY
NHMWEEEOR I 0 %1RRINE T Ehbhotc, REAICLZHUAY
IZT VORI LT, D. Col ema nid, SEAHEEDOBIKE S
Stk EICHMTH S EMELTHARY | M2 0fERIE. SEtEREHc kB

RO L CRBMETHT TR BBAMRTH L LERTHOTH S,

B3Rt &EIic, AFA MREIC LB RMICHVTH. 757 DL |
5% ERFBRBIIE L 850, HEHERHOBELERIEY, K57 F RO
BT L D HN a RO D ORRIRR BT, FRIRRRIC KT

==

100

£ 80
§ o0
gam
£ 20F
x
W9 1 I 1 ]
0 5 10 15 20
Grafting (%)
Fig.2 Disperse dye exhaustion of AA/MAA

Fig.3

grafted PET.

Dye:

C.I.Disperse Red 1

Dyeing: Dye;

4%0Wf:

90min.

at boiling

point,

liq.

ratio;

1:100.

O : Acid form of grafted PET,
® : Na-salt form of grafted PET.

100

~ oy @
(e I = IO =)
T T

Exhaustion (%)

N
o

1

0 5 10 15
Grafting (%)

20

Cationic dye exhaustion of AA/MAA

grafted PET.

Dye: C.I.Basic Blue 21
Dyeing: Dye; 5%owe, 30min.
point, liq. ratio; 1:100.

at boiling

Symbols are the same as shown in Fig.2.
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3. 2 woRnHEE S RBtEE OB

AficiE. 797 PEAICL A#EEORMMEDE (LS EPEE OMES, X
o6 L UEIREEERIE I L b L1,

3. 2. 1 7357 MEPE TH#&EORHNME

MDY/ 57 MEP E TH##EICH LT, FRlihmo Xorsgsaie L, 7
77 FPREREERYT A KB X URdRTRRE & OMEERDI, K1 ICEORR%E
i

PE TOREERY A X L&MEMRICE. 757 MEAIC X 2E LI
HoHIEL, LL, (01 0) MOMEMICIE, 7T 7 bBROKGIN &I/
fat A ZHUNE B ABAS RSN B, Zhid, @757 M RORK TR
BN 5 EARRIBA TEOKRERNF 20T, UTFIcdh~5H8
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TEBFC X 2 594EP E THEEOMEZ: b RIZ B,

ChETI. H. D. Weigmannd”, @ BES Vick-T, &
BERTAR IO P E THRERRERRICHIMELL S L, BLUBBRNLE
DFR. P E THEEORESRY A X LHEAKE L 50, itmlRIvNS {72
HENBETINTVS, COBRIE. PETORMEEBEMLIC K 28MO4E
RicEbsu, RO G FRERHICC DA Eh, FHRELTEROE
REEMEOET. IEREKOENIET > T, BEOBUEIEFTLLLbDE
BRXhTw3,

Table 1 Crystallite sizes and lattice spacings of AA/MAA
grafted PET fibers (acid form).

Results of (100) plane (110) plane (010) plane
X-ray

% Grafting anal. ACS™ (A) LS™ (A) ACS(A) LS(A) ACS(A) (A)
0 36.0 3.84 34.1 4.36 45.7 5.63
5.6 sl 3.83 33.2 4.35 43.2 3.61
85l 36.2 3.84 32.8 4.35 43.2 5.62
15.9 36.0 3.84 33.1 4.37 41.7 3.61
23.0 35.8 3.83 8.7 4.35 41.0 3.60

a) Apparent crystallite size
b) Lattice spacing

APIRTHOWEPETHSER. V757 MEAOBRBCPETORENTHSE
JralRvEy, AN MAAE ) 2515 2HBEHOFE T TRLE
EhTWAY, LEA->T. 7797 MEPETH#e D, ARERARTHREL
7= P E T Mkt & RO BRI E DN T h 205, #EPIcEKFdT % (AA
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RVZFULTY) - NVEPETICEES LAEERY X7V b S8PEIc i
A0, BRVEPE TICEBY SN 3 X ) Bk &MY A4 XOEREW'Y , 2o
RN X TFVO5%M I, EHBICHEPE THFHHOE 7 2 v b0
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7 A 2 hOEBHNTRES N 20T, KETHIRSFHEEORIE 21TV, Bt L
Teg
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(AA/MAA) BEE) < %757 MRS LIPE T##D. wHMEHT
TORKIEHEtandld, 1 00 CUFCIIZEPETOtand &KL Th
D, COREFRIKRT, 777 VEGICKBPE T D+ 7 £ » b 0 ER) P
LE@Bohishho7>, LL. M2 L3 0REIATCITDOEBOTH
. 757 MEPE TH#EIC I3, BUkEED (AA/MAA) £ < — HIERER
KHFELTWS, £22C. KHICBITBPETHFHOEY A v FodstE% g
g 2WHB AT 220010, B 11 L8 % Lok b c o B ik e
ZUE Lo HKIEREt an 6we, K410, BINKRIEERE ., &KW
RE" ver EEH5IKTRT,

G

015

010

tan SWet

005

0 1 l 1 | 1
40 60 80 100

Fig.4 Temperature dependence of tand we+ of
AA/MAA grafted PET (acid form).
Grafting: (A)0%, (@)5.6%,

(A)9.1%, (O) 23.09% .

5 0 CULOBREFRETH. KUHEPETH#ED t an 6w PHMNI/NE
WMETHZDIcxf L. 777 MEPE TH#gIZOLITh KX LBEERL TV 5,
Chid7 57 MEAOER. BE P TR 77 MEPETH 07 A bD
EEINBEHIIE T L EEBH%T 5, £/1275 7 MEPETHHM#O t an 6 we,
ficis, 9 0 CHEIc Y a vy Bl 5, 757 MRIELBBIFE,
COYad BB EZ NG, Yad—1d7 57 PEATEASOE
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Fig-5 E 'we+ and E "wee curves of AA/MAJ‘\
grafted PET (acid form).
Symbols are the same as shown in Fig.4.

Bkt (AA/MAA) F)=-icBAT A bDEEZ O S,
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lbDLZBZ 605, M5MOHOEMNEEIIC, tan Sue DEMISHIELT
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E’ wet « E” wer dEALT 3, bbb, 757 FROKMICHE->TE’ ..
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ULogERENS. (AA/MAA) 757 MEPE T##OSHEMEEZ. PET
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Table 1 Effect of remaining monochlorobenzene on discoloration of grafted PET
after UV-irradiation®' .
Evaluation
. . After extraction After hot water
Method of Grafting After grafting - (boiling) treatment (130°C)
grafting  yonomer Grafting(¥) MCB(ppm) AE  MCB (ppm) AE MC B (ppm) AE
- AA/MAA = not detected
_’. 1 Step {2'5/7'5} }.2-4 33,200 11-9 [beluw 200 ppm] 4-1 not detected 3-9
(]
! 2-step A(?;EV,IQA 16.0 250 4.3  not detected 3.1 not detected 4.2
.5/5.

a) Grafting: (l-step method) PET interlock was treated at 105°C for 60min. with the emulsion consisting of
monomer/benzoyl peroxide (BPO)/monochlorobenzene (MCB)/emulsifier/water. (2-step method) PET was pretreat-
ed at 80°C for 30min. with the emulsion consisting of BPO/MCB/emulsifier/water and treated at 100°C for
60min. with the ag. solution of monomer.

Process of treatment: grafting — extraction (boiling water, 2.5hr.) — hot water treatment as a model of
dyeing (130°C, 60min.).

Analysis and evaluation: MCB was analyzed by gas chromatography. Discoloration was evaluated with color
difference AE after the UV-irradiation by Fade-Ometer at 63°C for 40hr.
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Light fastness (grade) ®

Dyed sample

2.8

AE

Light fastness after UV-irradiation

1.0

AE

Undyed sample

Moisture
regain of
dyed sample
(%)
0.45

Grafting®
(%)

Table 2 Light fastness of undyed and dyed AA, MAA grafted PET.

Monomer

Form of

grafted

polymer
(PET)
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63°C, 40hr.

a{ Star mark: 2-step grafting, No mark: 1-step grafting.
b) Under line means that light fastness is closer to the under lined grade.

Dyeing: Resoline Blue FBL, 1%.we, lig. ratio 1:100, 130°C, 60min.

UV-irradiation: Fade-Ometer,
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Fig.2 Relation between moisture regain and
light fastness of dyed AA, MAA grafted
PET.
Dyeing and UV-irradiation were carried
out as shown in Table 2.
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Table 3 Light fastness of dyed PET grafted with methyl methacrylate (MMA),
acrylonitrile (AN) and N-viny-2-pyrrolidone (VP).

Light fastness of dyed sample

Grafting M?ig;%ﬁe after UV-irradiation
Monomer (%) (%) AE Light fastness (grade)

MMA 6.5 0.45 2.9 b
111 0. 46 21 5

15.8 0.45 3.8 5

17.7 0.48 Sk 5

AN 4.8 0.47 2.6 5
15.9 0.48 2.8 5

21.9 0.47 1.4 5

VP 3.0 0.91 6.4 4-5
4.5 1.3l 8.9 4

6.4 1.43 10.0 3-4

8.2 1.9 11.3 3-4

12.4 | 152 3

MMAALAN%:2Y757 FESLERHTIE, 777 FE2 0 ¥EBEE TR
Shick 2ZBEEDIEL. HERS HEEIKRLHEP ETORBAMELD SEL
Cibbhhot, THHDE/ 2 - ICHETEAIE, Y77 PESLTHBPET
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Fig.3 Relation between percent grafting and
light fastness of dyed grafted PET.
O : AA/MAA (2.5/7.5) Na-salt form,
® : AA/MAA (2.5/7.5) acid form,
O : MMA, O: AN, A : VP
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Fig.4 Absorption spectra of low-mass model
compounds.

. prepronie acid, —=—=- : methyl

propionate, <-«+sxe : propionitrile,

----- : N-methyl-2-pyrrolidone
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Fig.5 Bursting strength of dyed grafted PET
interlocks after UV-irradiation.
A : PET, @ : AA/MAA (2.5/7.5) 12.4%
grafted PET (acid form), O : AA/MAA
(2.5/7.5) 12.4% grafted PET (Na-salt
form), [0 : MMA 11.7% grafted PET
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4 A A= NEO KRR R, FEHIhIWEEZ S5,

3. 6 ANEFVNVEOEH

(AA/MAA) BAE/) 2 BLUVPE/2-%757 VEALLPET
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Fig.6 Relation between moisture regain and
light fastness of dyed gralted PET.
Symbols are Lhe same as shown in Fig.3.
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Fig.7 Effect of salt-form on light fastness
of dyed AA/MAA (2.5/7.5) gralfted PET.
Bold line is thal of Na-sall form and
acid form of AA/MAA grafted PET.
O : Ca-salt, A : Mn-salt, O : Fe-salt,

O : Co-salt.
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17 Sk IR — MR A i+ TIPS (1)
E15%,

2. 1 ##
Bty MNESOPETHRBMIAA Y-y 7 (157=-N/36747

AV b, EEGEYVZZFN) &, hic (AA/MAA: 2. 5/T7. 5. ¥
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HAERHE LIz 797 b RIZY. 2%E14. 8%DHbOEMRLI,

HERK - LT, LRROPETA vy —ay 2R T A7/ R T F X
Frr7ay 7 REAGREKEAE, BEaELT0. Twilefls L CRENL
RRMBKEPET (SR-PET) . BilgMILa itk ETMIELTE
WA R, BLUPETATF—FNVEABORY% (E/Cli: 65/ 35K
i) OFREERAR, KIS, #MOEA, Bh (HfY) . 207CicEH
756 5%ru& 9 8% COFEREBHRLLTI IS L 108 0IkHKEK
WGERE (74 v F 2 7)) 28T,
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Table 1 Evaluated samples.

i T il fabric  Thickness  Weight  JoiStrS reeainal  yiqing
(mm) (8/m?) 3 8% (sec.)
1 “PET interlock 0.96 210 0.45 0.72 180<
2  AA/MAA 9.2% grafted  interlock 115 265 3.35 7.83 1>
PET (Na-salt form)
3  AA/MAA 14.8 % grafted interlock 1.17 283 6.98 17.70 1>
PET (Na-salt form)
4 SR-PET (modified PET  interlock 0.90 213 0.38 0.96 1>
treated with hydro-
philic agent)
5 PET{Cotton (65/35 by  plain kint 0.60 116 2.70 B.64 1
wt.
6 Cotton plain kint 0.38 123 7.75 24.00 1
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2. 2 ke

Laroseb'” OfmRHBKMEEEESEICLT, HliRdFo—-X
BRI LR EREL'Y , CORBIZ, 74V —HESCOH TR 7 4
VF =S, 178/ cm? OMEEZIFTEE L TOAEES c mORBA R
2. 5 emDRAT 4 TNy FaSr L TR B 2 7KO AR HET 5,
CORGEEL. I L S KEHEEEA~ O, IR OBB) % €7 V191 344
5bDTH5,

2. 3 Ukt

BERIERDIEAIA 7 A (8 cmXx 8 cm) 2AKFICHIFL, o Lice4
7YY YTIREST, 1WA 0 e DKkEe | 3WMAEBTRICH - Icamse
TOH, L TKkOEX %KD, BHHICHAERD 8 cm X 8 ¢ mOa¥H
&, KBOD -1/ 7 AMICHEE S ETOEH%, AR EAETLH T 2
WOLTEREREIFIFR L CORE, S, AIEMIC 51 28t ks 0l
REG (BRIFHR) 2RDBEHTE S, MaEThIE, T XM EOKDREC
Boksh Tl L, HRoOZRME, SIS 2k KE 2, ©OMER.
KRFHORINE Wi R OFF A, BRIC L > THIH X © 2 %% 7 L1 3
N3 120K TH 2, 556, MEFEZIZ2 0°C. 6 5% L. SERKHE

- la]_

Water absorbing apparatus (the Larose
method) '®’
After supplying water from tank (A) to
measuring part through flexible tube (B),
cock (C) is closed. Excess water on the
surface of glass filter (D) is absorbed
and wiped out with filter paper, and water
level of measuring tube (E) which is held
5¢cm below D is adjusted at zero point.
Sample cloth (F; ® 6cm) is put on the
glass filter ( ® 6.3cm) and brass weight
(G; 485g, < 6cm) is put quickly on the
sample cloth. Then the amount of absorbed
walter measured by E as a function of time.
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Fig.2 Water absorbing behavior measured by
the Larose method.
A: 9.2% grafted PET, B: SR-PET,
C: PET/Cotton, D: Cotton, E: PET
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Fig.3 Water release from fabric (8cm X 8cm)
put on glass plate having water droplets
(0.52g) on its surface.

A: 9.2% grafted PET, B: SR-PET,

G: Cetton, D: BET

Arrow mark means the critical moisture
content (CMC) which is calculated from
the moisture regain at 98% RH and the

sample weight.
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Fig.4 Moislure absorption of dry cloth at
20°C, 65% RII.
A: Cotton, B: 14.8% grafted PET,
C: 9.2% grafted PET, D: PET/Cotton,
E: PET
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Fig.5 Relation between (a.-a) and Lime.
ae is equilibrium moisture regain and
a is moisture regain al time L.
A, B, C, D and £ are the same as shown

in Fig.4.
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Fig.6 Moisture desorption of cloth at 20°C,
65% RIl after preconditioning at 20°C,
98 % RII.

A, B, C, D and [ are the same as shown
in Fig. 4.
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Fig.7 Relation between (de-d) and time.
de is equilibrium desorped moisture and
d is desorped moisture at time t.
A, B, C, D and E are the same as shown
in Fig.4.
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Table 2 Characteristic values of moisture absorption and desorption ®

Absorption Desorption
0—65%RH 98—65%RH
No. Material
de kal kaz da knt kdz Kasa
(%) (1/min) (1/min) (%) (1/min) (1/min) (1/min)
. 1 PET 0.50 0.620 0.233 0.70 0.182 — —_
2 2 AA/MAA  9.2% grafted PET 3.35 0.082 0.019 3.75 0.053 0.012 =
' 3 AA/MAA 14.8% grafted PET 6.98 0.071 0.019 7.42 0.029 0.012 0.002
4 PET/Cotton 2.70 0.097 0.021 3.30 0.061 0.011 —_
5 Cotton 7.75 0.065 0.016 7.98 0.025 0.012 0.002
a) Moisture absorption and desorption are represented by the following equations, respectively.
log(ae_a) =—Ka t+10gae
log (de =—d) =—ka t+10gde.
ka and ks are rate constants of absorption and desorption, respectively. Other notations are
shown in Fig.5 and 7.
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Table 1 Evaluated samples.

Moisture regain at 20C
[ml/sec-cmzy 65%RH (%) 98%RH

Permeabilit

Weight

(g/m?)

Fabric

Material

No.

L 0 w0
- <r o

120
16
7

210
122
265

interlock
interlock

twill

AA/MAA  9.2% grafted

PET (Na-salt form)

PET
PET

1
2
3
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17.70

6.98

AA/MAA 14.8% grafted interlock 283

PET (Na-salt form)

4

8. 64
24.00

135
110

116

123

plain kint

PET/Cotton (65/35 by wt.)

Cotton

plain kint

lawn

23.40
24.10

33
9

91
123

broad

Cotton
Cotton

5
6
i
8
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Fig.l Apparatus as a model microspace belween
clothes and skin.
A: Vessel of polystrene foam (length X
width X depth = 15cm X 10em X 3cm), B:
Heater, C: Copper plate, D: Filter paper,
F: Thermocouple, F: Thermal regulator
(thermometer), G: Hygrometer, H: Water
supplier, S: Sample cloths (3 layers)
This apparatus is settled under the atmos-
phere of 20°C, 65%RH or 80%RH. Sample
cloths(S) are fixed on this apparatus(A)
and the relative humidity within the model
microspace is measured as a function of
time. After 10min., a polyethylene (PE)
film is put over the sample cloths(S) for
10min. and then the PE film is put off.
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Fig.2 Time dependence of relative humidity
within model microspace.
Atmosphere: 20°C, 65%RH
PE film is put over sample cloths at Omin.
and after 10min., it is put off.
QO : PET (interlock), O : 9.2% grafted
PET, A = 14.8% grafted PET, A : PET
/cotton, @ : Cotton (plain knit)
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Fig.3 Time dependence of relative humidity
within model microspace.
Atmosphere: 20°C, 80%RH
Experimental method and symbols are the
same as shown in Fig. 2.
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> Fig.5 Relation between relative humidity within
Eé 70 1 | i i A i model microspace and moisture absorbabilily
@ 0 20 40 60 80 100 120 140 of sample cloth.

Values of the relative humidity have the same
meaning as shown in Fig.4. The moisture
absorbability is given by the following
equation.
[ (MRos-MRss) /100 ] X Wt

MRes : Moisture regain (%) of sample

at 20°C, 98%RH
MRes : Moisture regain (%) of sample

at 20°C, 65%RI
Wt : Sample weight (g/m?)

Permeability (mi/ sec.cm?®)

Fig.4 Relation between relative humidity within
model microspace and permeability of sample
cloth.

Values of the relative humidity are those
of Smin. after PE film was pul over sample
cloths. Atmosphere: 20°C, 65% RH.

O : PET, @ : ColLton
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Fig.6 Relation between (100-RH) and time.
Atmosphere: 20°C, 65% RH
Rl is the relative humidity (%) within
Lthe model microspace. Rate constant K is
calculated from the following equation,
where t is time (min.).

log (100-RH) = -Kt + constant

A: Cotton, B '9.2% grafted PET, C: BET

L9 5L, MEMORMREIRATEDEI NS,
log (100-RH) =—Kt+c’ (2)
B2 L3 0&ERE (2) ATRATEL. ThThH6 LT OERVES
Nz, MEMBRED LA REHEE) & FRRC, 2BEICET S5 E%2RT,
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Fig.7 Relation between (100-RH) and time.
Atmosphere: 207C, 80% RI
For A, B, C and the calculation of K,

see Fig.b6.
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Table 2 Rate constant of moisture absorption*’ and relative
humidity increase within model microspace (lst step).

: Relative humidity increase

No.  Material s
L at 20°C, 65%RH at 20°C, B0%RH
1 PET 0.620 0.184 0.178
2 9.2% grafted PET 0.082 0.090 0.077
3 Cotton 0. 065 0.054 0.063
4. ¥ &5
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KXW, ST o 2 KENMZEMOERE EAEMH L, REHHEE
5% HMA R T 5. Fio. RBIFICH ) KIBARCEMORRED ER . %
4 R e < S 4 R ORI 28 & RO oM RIc D, FRAREO LR
CHERE D & I EREMIC 51 2 HIHRE A2 L5 L o B, By LT2
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