B AES] 20259 4] AV E3] € =3

= Al Ot 7]
T A1
April 16-18, 2025 JeJu, International Convention Center(1CC), Korea L l:" 1

PUSAN NATIONAL UNIVERSITY

Polyamide 6,6 Polymerization Through High Efficiency Catalytic Reaction

And Process Pressure Control

Keun-Ho Lee, Ju-Hong Lee, Won-Bin Lim, Jae-Ryong Lee, Seung-Hyun Lee, Sang-Wook Byun, Ji-Won Lee, Ji-Hong Bae™and PilHo Huh”
Department of Polymer Science and Engineering, Pusan National University, Busan 46241, South Korea
* pilho.huh@pusan.ac.kr

Abstract

Polyamide 6,6 (PA66) was successfully polymerized under vacuum conditions. Adipic acid and hexamethylenediamine were used as monomers for condensation
polymerization, and the reaction was performed in the vacuum range of 300-50 Torr. In addition, the polymerization of PA66 synthesized by mixing a conventional
phosphorus catalyst and a phosphorus catalyst with choline chloride : urea was compared. The molecular weight change of the synthesized PA66 was confirmed using gel
permeation chromatography (GPC) and viscosity measurement. The structural characteristics were confirmed using nuclear magnetic resonance (NMR) and Fourier
transform infrared (FTIR) spectroscopy. Since water generated during the polymerization of PA66 causes defects in the experiment, a vacuum process Is essential to remove
the water. As a result, PA66 was successfully synthesized by controlling the pressure and catalyst. PA66 synthesized under vacuum offers the potential for high-efficiency

production from an industrial perspective.

Experimental Result & Discussion

O H
‘ /\/\/ﬂ ‘ - Phosphorous | Phosphorous + | [gdg{efelgle](elIfs
C —>

OH HzN O % -0.5
H Adipic acid Hexamethylene diamine Polyamide 66 \;’ Tg (OC) 53 53 53
O o o
LL (o)
Catalysts = T, (°C) 252 255 258
oy o . D
Casel. Phosphorous catalyst Case2. Phophrous + Citric acid T T4(°C) 425 435 445
H Residue
E E _2'5100 150 200 250 300 (%) 12 16 29
;
o \TONa v \TONf - - Temperature(°C)
H - =
Sodium hypophosphite Sodium hypophosphite Citric acid Figure 3. DSC analysis of Case 1,2,3
Case3. Phosphorous + DES
e FT-IR
a H
NT_ - ~~
i \TONf + no ¥ +H, NH, f___{{l-/H/ R S 100
r wo” T T S
Sodium hypophosphite Choline Chloride Urea H HN LCJ 8
\\IH oo = 8
—£ = ©
, & |3300 =
Deep Eutetic Solvent (DES) E 2021- 2854 E 50
% -
Step 1 Formation of a transparent aqueous E —— Case 1 & VR
. . — W
solution of nylon salt = Case 2 © o 0
— Case 3 — — HMDA 0.133%
‘ 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm-1) Wavenumber (cm-1)
Preparation the system for Wave
QP < polycondensation nl(mele)r As(s:lg:zn:nt Interpretation Wav(ecrr#g] ber Assignment Interpretation
cm-
N-H . :
‘ ~ 3300 stretching Indicates the presence of amide N-H bonds 2300 N_H stretching Cobnfirming amide
C_H ond presence
] ] B 223512_ stretching Corresponds to methylene (-CH,-) groups
Step 3 Polymerization (CH2) - 1640 Amide | (C=0 Indicates amide
| Category Substance 1o A(rgfce) | Confirms amide bond formation (C=0 stretching) structure (-CONH-)
‘v HMDA 116.2 g stretching) double bond)
Monomers Amide 11 _ _ . .
AA 146.1 ¢ s Nt Characteristic of amide structure (N-H ~ 1534 Amide 11 (N-H bending) | Typical amide signal
Step4  Cooling and Solidification Solvent | Distilled Water | 300 mL bending) deformation
Catalyst Phosphate 0.5-1.0 g Figure 4. FTIR analysis of (a) case 1,2,3 and (b) PA66 Condensed water
Citric acid

Figurel. PA66 polymerization reduced pressure reduction process design

Relative Viscosity

S (ppm) Proton Type / Structure Interpretation

20%inHFIP] | [10%in TFA _
~8.0 -NH (Amide proton) group (N-H of -

| @ Neat PA 1.70 1.40 CONH-)

Methylene protons
-CH,-NH . ;

Shosoh s 198 ~3.0-3.5 (a-Metzherne) adjacent to amine

@ Phosphorous . . groups

Methylene units in the
® + Citric acid 1.60 1.30 ~1.5-2.0 Internal -CH, (CH,-CH,) polymer backbone
@ + DES 1.75 1.45
Figure 2. Relative viscosity comparison analysis of neat pa66 and case 1,2,3 R analysis results of case 1,2,3 and Neat PAG6

Conclusion

v Polymerization reaction using a catalyst on neat PA66 for Bio PA66 production

v Samples with DES or organic acid additives showed higher relative viscosity and enhanced thermal stability, confirming the high efficiency of the catalytic system
v' Structural characterization by FT-IR and H NMR confirmed that all PA66 samples exhibit highly similar peak positions — the reaction occurred successfully and the structure was well formed

v" The pH measurement results showed that only a small amount of HMDA (0.133%) was present in the condensed water, and the FTIR results showed that the peak positions of the condensed water and distilled

water were almost the same — This means that the product is virtually free of other impurities or reaction by-products
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