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Analysis of Polyurethane Materials by Degradation in Subcritical Fluid and
Mass Spectrometry
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Yoshinori MATSUMOTO

Polyurethane (PU) is a polymer with urethane bonds and is synthesized using isocyanate and polyol as main raw
materials. In most cases PU is insoluble in solvents, so chemical degradation methods using acid/base reagents
followed by a variety of analyses have been conventionally used for detailed structural analysis. However, these
methods require degradation reactions for more than 10 hours and separation of degradation products, so a more
rapid analytical method is needed. In this work, we established a degradation method in subcritical fluid for PU to
solve this problem. Degradation in subcritical fluid is considered useful as a simple method because the reaction
time is short and no separation of degraded products is required. In addition, degradation in subcritical fluid
and subsequent mass spectrometry were investigated as screening analysis methods for PU raw materials. By
measuring Matrix Assisted Laser Desorption/Ionization - Time of Flight Mass Spectrometer (MALDI-TOF/MS) or
Electrospray Ionization (ESI) - TOF/MS of the PU degradation solution degraded under subcritical conditions, it
was possible to estimate isocyanate and polyol species from the detected ions. For polyester, polycaprolactone, and
polycarbonate polyols, oligomeric ions could be detected by incomplete degradation, making it possible to estimate

the components. This analytical method is considered useful for simple analysis of PU main raw materials.
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Table 1 Typical analysis methods for PU raw materials

Analyte Analysis methods Acquired information
FT-IR Isocyanate & polyol
PU Py-GC/MS Isocyanate & polyol
NMR Isocyanat.e.& pol?fol
Composition ratio
GC Composition ratio
GC/MS Isocyanate & polyol
PU GPC Molecular-weight distribution

degradation products

Isocyanate & polyol

with alkaline hydrolysis NMR Alkylene oxide ratio
Terminal structure of polyol
ESI-TOF/MS Terminal structure of polyol
Alkaline hydrolysis
organic phase EXU?CﬁOH aqueous phase
pH Adjustment
Extraction organic phase Extrallctlon agueous phase
pH Adjustment
Extraction
\4 \4 A4
Polyether Amine [ Carboxylic acid |

Fig. 1 Flowchart of a typical alkaline degradation
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Fig. 2 Photograph of the reaction vessel
Overall(a) and disassembled view(b).

Table 2 Polyurethane samples of mass spectrometry and conditions of degradation

Temperature Degradation
Sample Type Isocyanate Polyol Form Solvent [C] ti[I;ll]e
PU-3 Flexible foam MDI Polyether Foam Water/Pyridine 250 3
PU-4 Rigid foam MDI Polyether Foam Water/Pyridine 250 3
PU-5 TPU MDI Polyether Pellet Water/Pyridine 250 0.5
PU-6 TSU MDI Polyether Block Water/Pyridine 250 0.5
PU-7 TPU HDI Polyether Pellet Water 250 0.75
PU-8 TPU HDI Polycaprolactone  Pellet Water 250 0.75
PU-9 TSU MDI Polycarbonate Block Water/Pyridine 210 0.5
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Fig. 3 Flowchart of a degradation in subcritical fluid

3. WMREBE

(1] EEFRIEEEFOHE (HDIR)

AR E UC PU-LL JABEIZK % FHV, GRS 250,
270,300 °C. 7=, MIAUWER % 1, 2, 3 R & 25 (b & &,
SHRIOE & FhE L 7z, SRk 'H-NMR #l7E & 0 £3
5N AR b IL% Fig. 4 128 %, 4 ppm ({HED T 2
FOHE, L& VIR CH, ok ¥ — 2 OB Ik
6 LIS, REOBOMELT 2 I L 7=,

250 ‘C Tk, KED PU & HEW X N B RNEW A
&N, NMR ZX7 ML EIZHBEWT S HTED 4 ppm
(HED Y — 2 OERANMER S Nz, LU, JHELER
WL T2 L THHE -2 ITITWHAELEZ &
6. BIRENTAEIT U728 O L FI L2, ARk
270 “C Tl 2 [, 300 °C T3 1 BERE TR A IFIESE
TUZZEHIM L7z,

—77.1.7ppm.3.6 ppm {27 + I & F a7 3 v (THF)
HskeZzohbE— BRI N, Thid14-
BD BB LAEK Lz D EEZ 5N S, 250 ‘CLLE
D REME T2 T, PUDKBHEHLIC & - Tid,
THL R VEVERII A E RS Z EDREIhi,
Ko T EBIMET L 724FD 5 5 i & il O [250
C - 3HERH] & LIBROFERIC I B IARD SRS &
L THW,

[2] EEEFR2EEEFOHE (MDIR)

3.[1] TWIE L =53 5t % v PU-2 O HiER R
MREIT 5720 LA L, 36 Nz iz iz siko
RNEDDER S, ZOREWNIAKR?Z T T ARG
BIZRWR LA o7y TDTENH, NEYIE PU
Tk — LDKRBENTH B EEZ BN, BRKIBA
T E o N A RET 5720 ANEY R
INHEHZE L. Py-GC/MS & ISffi L 7z, 46 hrzs
Av2 7 L% Fig. 512" %, AFL v (St), A FL
Yy 7=1Y (MDA) DY —2Z i@ Bl h, #i

Intensity

250°C,1h
—250°C,3h
—270°C,2h
—300°C,1h

40 3.0

2.0 10 0.0

Chemical shift [ppm]
* CHz protons adjacent to ester and urethane bonds

Fig. 4 'H-NMR spectra of PU-1 degradation product
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Fig.6 IR spectrum of PU-2 degradation insoluble
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Fig.9 MALDI-TOF/MS spectra of PU-3
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Fig.14 ESI-TOF/MS spectrum of PU-8
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