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Abstract: In this study, cationic dyeable polyester (CDP) was synthesized using recycled
terephthalic acid (r-TPA) recovered from waste PET, and its properties were comparatively
analyzed with those of CDP synthesized from virgin terephthalic acid (v-TPA) in terms of
chemical structure, molecular weight, thermal behavior, and dyeing performance. The
results confirmed that r-TPA possesses an identical chemical structure and high purity to v-
TPA, as verified by '"H-NMR and FT-IR analyses. In addition, both v-CDP and r-CDP synthe-
sized with varying contents of sodium dimethyl 5-sulfoisophthalate (DMS) exhibited com-
parable molecular weight levels and molecular weight distribution characteristics,
including Mn, Mw, and PDI, indicating negligible differences in polymerization behavior
depending on the raw material source. Differential scanning calorimetry (DSC) analysis
revealed that increasing DMS content commonly led to decreases in the glass transition
temperature, melting temperature, and degree of crystallinity for both v-CDP and r-CDP.
Furthermore, dyeing performance evaluations demonstrated that both CDPs showed
enhanced dyeability and washing fastness with increasing DMS content. Overall, v-CDP
and r-CDP exhibited equivalent chemical, molecular, thermal, and dyeing properties under
identical synthesis conditions, demonstrating that r-TPA has commercial competitiveness
comparable to that of virgin raw materials for CDP synthesis.
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Figure 1. (a) Photograph and (b) schematic diagram of the custom-built 6 L bench-scale polymerization system.
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Figure 3. Schematic illustration of the CDP synthesis process.
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Figure 4. (a) 'H-NMR spectra of v-CDP and r-CDP synthesized with 2.2 mol% DMS, and (b) enlarged spectra in the chemical shift range of 7.5-

9.5 ppm.

Table 1. Calculated DMS in the synthesized CDPs based on 'H-NMR analysis

Integrated area (from '"H-NMR)

Conc. of DMS (Calculated values)

Sampole Feed ratio
p (mol%) TPA DMS @ @ mol%?
(H5) (H,+H,) Hs/4 (H,+H,)/3
v-CDP 1.5 mol% 15 2459 0.28 6.148 0.0933 1.50
r-CDP 1.5 mol% 15 26.08 030 6.520 0.1000 151
v-CDP 2.0 mol% 20 23.90 038 5975 0.1267 2.08
r-CDP 2.0 mol% 20 2435 038 6.088 0.1267 204
v-CDP 2.2 mol% 22 24.77 042 6.193 0.1400 221
r-CDP 2.2 mol% 22 2421 040 6.053 0.1333 216

Y(Moles of DMS fed during synthesis / (moles of TPA + moles of DMS fed)) x 100, ?DMS molar ratio calculated from NMR peak integrals (2) / (D

+Q@)).

oA AT 7 yeRdT 3HE, TPAC| A 7] 8=
g2 2 E0| Hyx 9F 8.15 ppm F2o]| A chemical shift
£ H3Ith E3 EG @9lolA el AE Hy TRES
oF 4.9 ppm oA A5 E UERYH, YR H, ZRES
TPAS} DMS7} EGe} Aesl= vjdo] wa} chemical shift
ZhEEpA] AL o3 2o WA= A o & FR1E lrH20].

olfgt A E Fol, TPA §-2| ZEE(H))L}t DMS -2
ZREH, Hy) 54 939 A& vwE 53, Table 1
It o] g3 CDP Y DMS g (molv%)s Atehel o,
1 A3 3 2ol A BdwE e AP ES] W DMSE] mol%
7F AR5k AS Ik =5 DMS H7heFo] S71E
42 'H-NMRO 2R €] Aibe 227} JA] o]of u]&|s}o]
S7hohe Aes walon, ol#fet 4§ v-CDPe} r-CDP
oA FUstA ghel= gt

/9% CDP LEA}o] EAsF 542 GPC 45 53
H7Fel ATt Table 2] WUepRdH vReF Zho], v-TPA 4 r-TPA

=
—_ HO]—

Table 2. Molecular weight characteristics of the synthesized CDPs

Sample Mn Mw PDI
v-CDP 1.5 mol% 7,059 18714 265
r-CDP 1.5 mol% 7,889 18417 234
v-CDP 2.0 mol% 7,39% 18,117 245
r-CDP 2.0 mol% 7,742 18,737 242
v-CDP 2.2 mol% 7811 19,423 249
r-CDP 2.2 mol% 7,544 18,128 240

2 7hto 2 e mE CDP A2 9F 18,000-19,000 H
fol FFHAEAF (Mw)y LERl o], oM A%l St vt
3o o] FolH S I 5 ek EIF EA HxE
U= thEALR| 4= (polydispersity index, PDI)= 2.34-2.65
He= HlwE] FdsHA AejE et & A4 e GPC
A2 PMMAS #5242 AR At 244 3712

A Ad) B4 elle 45 AlRtel e 5 dou,




A e-§- TPA 7|4l ¢Fol2

Q719 P Belol2e o] B o

(@)
90
mm v-CDP
sol mm -CDP
9
o> o
|_
60}
50
0 1.5 2 2.2
Conc. of DMS (mol%)
()
275
mmVv-CDP
B r-CDP
—~ 250
b
£
225}
200

0 1.5 2 2.2
Conc. of DMS (mol%)

(b)
175
mmVv-CDP
150 | [Hm r-CDP
o
o 125t
L
100}
75
0 1.5 2 2.2
Conc. of DMS (mol%)
(d)
15
= mm v-CDP
= mm r-CDP
> 10}
£
=
[ 5F
[
(&)

0 1.5 2 22
Conc. of DMS (mol%)

Figure 5. Thermal properties of v-CDP and r-CDP as a function of DMS content: (a) glass transition temperature (Tg), (b) cold crystallization
temperature (T, () melting temperature (T,,), and (d) degree of crystallinity.
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Figure 6. (a) Photographic images and (b) colorimetric parameters (K/S, L*, a*, and b*) of v-CDP and r-CDP with various DMS contents before and

after dyeing.

Table 3. Changes in K/S values after washing

Conc. of DMS (mol%)

g;’(;’ 2|:§ v-CDP r-CDP
0 15 20 22 0 15 20 22
Before washing 346 11.57 13.00 13.11 384 11.01 1286 13.16
After washing 320 1142 1296 13.04 352 1082 1284 13.09
Loss rate (%) 75 13 03 06 84 17 0.1 05
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