
KLPUKI   UOCUMLNTAilON  PAGE 
0.'04 0! r,8 

ir I,- 

1      AGI NCY   US i    ONI Y   .'7 (MM    blank) 

4    TITl f   AND  SUBim f 

.">    REPORT  DATE 

June 24,  1996 
3    REPORT   TYPE    AND  DATE S   C 0VI HE I) 

Technical 06/95 - 05/96 

Cure Monitoring of Bulk MDI - based Polyurea-Polyurethane by In-Situ 
Brassion Fluorescence 

6 AUTMOR(S) 

S.K. Wang and C.S.P. Sung 

7    PERFORMING  ORGANIZATION  N7MT('S)  AN»  ADDRESSEES)'" 

Institute of Materials Science 
97 North Eagleville Road 
University of Connecticut 
Storrs, CT 06269-3136 

5     FUNDING  NUMBERS 

NR 413 m Oil 
N00014-89-M145 

9    SPONSORING    MONITORING  AGENCY  NAME IS)  AND  ADORE SS(F S~i' 

ONR 

800 North Quincy Avenue 
Arlington, VA 22217 

8    PERFORMING   ORGANIZATION 
REPORT   NUMBER 

Technical Report No.  52 

10   SPONSORING .'MONITORING 
AGENCY  RE PORT  NUMBER 

11. SUPPLEMENTARY  NOTES 

Published in ACS Preprints, 37(11), 467, 1996 19960723 048 
12a.  DISTRIBUTION 'AVAILABILITY  STATEMENT '  

Reproduction in whole or in parts is permitted for any purpose 
of the United States Government, this document has been approved 
for the public release and sale; its distribution is unlimited. 

13. ABSTRACT (Maximum 200 words) 

12b. DISTRIBUTION CODE 

New generation RIM-PU incorporate both urea and urethane linkages in the backbone. Quantitative 
analysis of the complex mixture formed during fast curing process is a challenging task. Our approach 
is by intrinsic emission fluorescence. Bulk MDI-based RIM-PU resin contains urethane, urea, aromatic 
amine fluorphores dispersed in more than 87% of non-fluorescent PPO segments. Model compounds of urea, 
urethane and aromatic chromophore showed emission peaks at 303nm, 297nm and 333nm respectively. Non- 
lmearity was observed for urea only. Fluorescence of the in-situ room temperature bulk curing 
resulted in two overlapped bands whose intensities changed as the curing proceeded while peak positions 
appeared at approximately the same range as predicted from model compounds. Curve fitting method was 
adopted to deconcolute these bands. Fluorescence intensities were correlated with extent of reaction 
calculated from FTIR data. 

B~ '   . "' -"- - "' nf??SCTED S 

'«     SUBJECT  TERMS 

Reaction Injection Molded Polvurea-urethane, Intrinsic Fluorescence, MDI, 
Cure Characterization 

S( CURD V  CI AERIFICATION 
01   RI P O H T 

IP     SECURITY  CLASSIFICATION 
Of   THIS  PAGE 

19      SI CURITY  CI ASSII [CATION 

Of   ABSTRACT 

15 NUMBER OF  PAGES 

2 

16 PRICF  CODE 

.>(!    I IMITATION OF ABSTRACT 



ACS Polymer Preprints, 37-1, 467, 1996 

ABSTRACT 
CURE   MONITORING   OF   BULK   MDI-BASED   POLYUREA- 

POLYURETHANE BY IN-SITU EMISSION FLUORESCENCE. 

Shi-Kwun Wang and Chong Sook Paik Sung 

Institute of Materials Science, University of Connecticut, Storrs, CT 06269-3136 

New generation RIM-PU incorporate both urea and urethane linkages in the backbone. 

Quantitative analysis of the complex mixture formed during fast curing process is a 

challenging task. Our approach is by intrinsic emission fluorescence. Bulk MDI-based RIM- 

PU resin contains urethane, urea, aromatic amine fluorophores dispersed in more than 87% 

of non-fluorescent PPO segments. Model compounds of urea, urethane and aromatic 

chromophore showed emission peaks at 303nm, 297nm and 333nm respectively. Non- 

linearity was observed for urea only. Fluorescence of the in-situ room temperature bulk 

curing resulted in two overlapped bands whose intensities changed as curing proceed while 

peak positions appeared at approximately same range as predicted from model compounds. 

Curve fitting method was adopted to deconvolute these bands. Fluorescence intensities were 

correlated with extent of reaction calculated from FITR data. 



Cure Monitoring of Bulk MDI-Based Polyurea- 
Polyurethane by In-Situ Emission Fluorescence 

Shi-Kwun Wang and Chong Sook Paik Sung 
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INTRODUCTION 

New generation RIM-PU formulae usually incorporate urea linkages 

into the pure urethane backbone so as to acquire better thermal / mechanical 

properties, and to achieve faster reaction rate - an essential prerequisite for 

automatic mass production[l]. In such systems, several competing reactions 

may proceed simultaneously during the cure process. Quantitative analysis 

of the complex mixture formed during or after curing is highly desirable to 

follow the reaction kinetics or to optimize the final product composition. 

Many methods such as FTIR[2][3] and DSC[4] have been applied in 

this respect. However, most of them found difficulties to be practically 

useful in the real RIM system due to the sampling problem encountered in 

fast reaction process. In contrast, emission fluorescence can circumvent 

such situation and seemed most likely to be used in actural RIM-PU curing 

study. 

In the past few years, our group launched the study of the PU cure 

reaction by in-situ fluorescence spectroscopy. With extrinsic sensor such as 

naphthyl diisocyanate (NDI), the bulk curing of MDI-based polyurethane 

can be mimicked[5]. Also, it was found that urea and urethane linkages 

from MDI were intrinsically fluorescent as formed in the DMAc solution 

[6].So far, there are little study over the fluorescence of unlabeled bulk 

RIM-PU resin system containing both urea and urethane linkages. 

In this paper, we present our recent results on the intrinsic emission 

fluorescence study on the model compounds and bulk curing of 

polyurethane-polyurea. Model compounds were dissolved in PPO of 

various concentration to simulate fluorophores in real RIM-PU resin which 

contains more than 87% of PPO. From this study, we can get information 

about the fluorescence peak position and concentration calibration plot for 

each fluorescent species. Bulk curing of a MDI-based polyurea- 

polyurethane resin system was carried out at room temperature and 



monitored by in-situ emission fluorescence. FTIR was used to acquire the 

extent of reaction and to correlate with the fluorescence intensity . 

EXPERIMENTAL 

Model compounds used are 1,3-diphenyl urea, carbamic acid ethyl ester 

(phenyl urethane) and diethyl tolyl diamine(DETDA) which contain in each 

molecule urea, urethane and aromatic amine chromophores respectively. All 

three compounds were dissolved in poly(propylene oxide)(PPO,Mn=4000) 

to 1% by weight, then diluted to various concentration with same PPO. For 

bulk curing reaction, methylene diphenyl diisocyanate was grounded to fine 

powder and mixed with EO-PPO(Mn=2800) and DETDA by mole ratio of 

1:0.8:0.2. PPO was predried in vacuum oven at 85°C for 24hrs while 

DETDA was used as received. All fluorescence spectra were taken with 

sample sandwiched in 1/8 inch thick synthetic quartz. Bulk reaction was 

carried at 20±1°C. Curve fitting method was used to resolve the overlapped 

fluorescence bands The peak intensities after deconvolution was related to 

the extent of reaction by comparing with the FTIR results. 

RESULTS AND DISCUSSION 

1. Model compounds Studies 

From the PPO solution of model compounds, we found that urea ,urethane 

linkages and aromatic amine showed strong fluorescence even at relatively 

concentrated situation. Fluorescence peak wavelength position of urea and 

urethane chromophore are very close (303nm and 297nm) while those of 

aromatic amine appear at longer wavelength(333nm) (Figure 1).Non- 

linearity was observed for urea group even at quite low concentration region 

(Figure 2) possibly due to higher self-quenching tendences. The 

fluorescence peak position of urea in PPO are about 40nm blue shifted 

compared in highly polar aprotic DMAc solvent [5], possibly due to higher 

intermolecular H-bonding for the former. Such interaction was insignificant 

in the case of urethane and aromatic amine. Linear relationships with 

concentration were observed for the PPO solution of these two model 

compounds. 

2. Bulk in-situ Curing 

The resultant spectrum showed overlapped band (Figure 3 ) with two peaks 

whose positions coincided well with those predicted from model compound 



study. Overlapped bands for the room temperature in-situ fluorescence can 

be deconvoluted and assigned to two chromophore species after curve 

fitting with assumtion of Gaussian curve shape.(Figure 4). Peak at 327- 

333nm assigned to DETDA decreses drastically at the beginning of cure 

reaction followed by slow increase afterward. Trace of amine was left even 

after long reaction time up to 14hrs. This is consistent with the observation 

of 20% unreacted isocyanate by FTIR at the same time which is possible 

due to vitrification at low reaction temperature.The increase in peak intensity 

here might be due to viscosity effect which reduces the non-radiative 

relaxation. The other possibility is due to the influence of the upward trend 

of lower wavelength peak. Decomposition of the overlapped band is not so 

accurate due to unsymmetrical shape of fluorescence spectrum. 

Fluorescence peak at 303-3lOnm is a mixed band of urethane and urea 

groups. Decrease of peak intensity after a short period of climbing may be 

due to temperature rise caused by fast urea formation reaction. Another 

possibility is the quenching effect from urea fluorophore to either urea itself 

or urethane fluorophore.The extent of reaction was determined by following 

the disappearing rate of isocyanate group at 2272cm"1 from FTIR data. As 

we correlate these fluorescence change with extent of reaction (Figure 5), 

the fast increase at 303nm or decrease at 333nm occurred before 20% 

reactioin. Since the urea amount is expected to be maximum 20% based on 

the molar ratio, it is reasonable to attribute the initial change to urea 

formation. 

Further study on the influences of temperature, viscosity and quenching 

over the fluorescence in bulk resin is still proceeding in order to more 

quantitatively analyze the chromophore concentration change of each linkage 

during RIM-PU cure process. 
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Fig.2 Correlation plot of fluorescence intensity of PPO solution of model 

compounds v.s.concentration ( emission fluorescence ,excited at 275nm) 



rection time (top to bottom) 
300-, 

250- 

280 300       320       340      360 

Wovelength (nm) 

react on time ( bottom to top ) 

300 - 
/310nm     40 _   640min 

'v> 
c 
V 

250 

200- 

///     \\325nm 

c 1 
o 
c 
V 
o 
(0 
V 
L. 
o 
3 

Li. 

150 4         / 
303nm       * 

100- 

50- 

/ 
n- 
280       300      320       340       360 

Wovelength (nm) 

Fig.3 In-situ emission fluorescence of RIM-PU Resin 

(MDI / EO-PPO2800 / DETDA 1:0.8:0.2 cured at 20°C, Excited at 275nm) 
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Fig.4 Fluorescence intensity changes during cure ( decomposed from each 

overlapped spectrum in Figure 3 by curve fitting method.) 
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FIG.5 Correlation of fluorescence intensity with extent of reaction. 


