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ABSTRACT: In this article, N-hydroxyphthalimide (NHPH) has been prepared with
phthalic anhydride and hydroxylamine hydrochloride. The blocked toluene diisocya-
nate (NTDI) by NHPH was synthesized also. The effects on the synthesis of NTDI were
studied, and the deblocking temperature of NTDI was read by TG-DSC and IR. In the
meantime, actual crosslinking reaction conditions on the systems of polyhydroxy com-
pounds were surveyed also. The stability of the mixture of NTDI and polyhydroxy
compounds was observed by determining the viscosity of it. © 2002 Wiley Periodicals, Inc.
J Appl Polym Sci 84: 1346–1352, 2002; DOI 10.1002/app.10242

Key words: N-hydroxyphthalimide; blocking agent; isocyanates

INTRODUCTION

N-Hydroxyphthalimide (NHPH) is a compound
with a hydroxy group that bonds with the nitro-
gen of imide group directly, so it has acidity.1

Because of this property, NHPH has extensive
uses. Many studies have established that
NHPH can act as a herbicide,2–5 a germicide,6 a
catalyst for oxidation of organic compounds,9,10

a charge-control agent for electrostaographic
tones,11 and an ore floater.12 However, there are
few reports on its uses as blocking agent for
isocyanates.

In this article, NHPH has been prepared with
phthalic anhydride and hydroxylamine hydro-
chloride, and the blocked toluene diisocyanate
(NTDI) was gained by NHPH and toluene diiso-
cyanate (TDI). The effects on the synthesis of
NTDI were studied, and its deblocking tempera-
ture was also tested. In succession, the actual
crosslinkage factors and the stability of the mix-
ture of NHPH and polyhydroxy compounds were

discussed. Finally, the mechanical property of the
coating made by the polyhydroxy compound and
NTDI was observed. In this article, we address
some basal aspects on the application of NHPH as
a blocking agent to the polymer field.

EXPERIMENTAL

Materials

Hydroxylamine hydrochloride, pyridine, phthalic
anhydride, and dibutyltine dilaurate were ob-
tained from the Shanghai Chemical Reagent
Company, and their purities were chemically
pure. The polyhydroxy epoxy compound E-12 was
obtained from the Shanghai Resin Factory. Trim-
ethylolpropane (TMP) and toluene diisocyanate
(the mass ratio of 2,4-TDI with 2,6-TDI is 80/20)
were obtained from the Nanjing Rubber Factory.

Synthesis of NHPH

To a stirred solution of a fixed quantity of hydrox-
ylamine hydrochloride in pyridine, phthalic anhy-
dride was added in portions under heating. At the
end of this reaction, parts of the solvent were
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distilled, then precipitant was added and a white
needle-type crystal was obtained by recrystalliza-
tion.

Synthesis of NTDI

To a stirred solution of a fixed quantity of NHPH,
TDI was dropped in portions with dibutyltine di-

laurate as a catalyst. At the end of this period,
parts of the solvent were distilled and precipitant
was added. Faint yellow powder was gained by
recrystallization.

Analysis and Characterization Techniques
The yield of NTDI was found by the general
method for the determination of nitrogen12

Figure 1 IR spectrum of NHPH.

Figure 2 TG-DSC thermogram of NHPH (10°C/min).
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spectrometer (Nicolet Company, USA) and TG-
DSC analyzer (Rigacu Company, Japan). A
NQJ-79 rotary-type viscometer was used to
trace the variation of the viscosity of the poly-
hydroxy compound mixed with NTDI. The me-
chanical properties (hardness, shock strength
flexibility, and adhesive power) of the coating
made from the polyhydroxy compound with
NTDI were determined in accordance with GB/
T1730-93, GB/T1732-93, and GB1720-79, re-
spectively.

RESULTS AND DISCUSSION

Results of the Synthesis of NHPH

The white needle-type crystal gained by the reac-
tion of phthalic anhydride and hydroxylamine hy-
drochloride was pressed into a tablet with potas-
sium bromide to determine its IR spectrum,
which was shown in Figure 1. Compared with the
Sadtler13 standard IR spectrum, it can be seen
that the IR spectrum of synthesized NHPH con-

Table I Effects of Reaction Conditions on Yield of NTDI

A B A � B C D E Yield

1 1 1 1 1 1 1 80%
2 1 1 1 2 2 2 82%
3 1 2 2 1 1 2 80%
4 1 2 2 2 2 1 81%
5 2 1 2 1 2 1 Little
6 2 1 2 2 1 2 Little
7 2 2 1 1 2 2 65%
8 2 2 1 2 1 1 65%

K1
a 3.23 1.62 2.92 2.25 2.25 2.26 —

K2 1.30 2.91 1.61 2.28 2.28 2.27 —
K3 1.93 1.29 1.31 0.03 0.03 0.01 —

a K1 sum of the yield to level 1. K2 sum of the yield to level 2. K3 the difference of the yields between level 1 and level 2. All the
solvents were refine under reduced pressure and dried by molecular sieves.

Figure 3 IR spectrum of the synthesis of NHPH and TDI.

1348 WEI ET AL.



tains absorption peaks in 1780, 1720, 1375, and
1120 cm�1, which can be assigned to cyclic imide,
and in 1700 cm�1, which belongs to the carbonyl
group. At 3120 cm�1, this corresponds to the hy-
droxy group. As a result, the structure of the
compound can be concluded.

In addition, Figure 2 is the TG-DSC thermo-
gravimetric curve of NHPH. An endothermic
peak at DT � 247.4°C (range of 209.2–270°C)

and its corresponding TG curve showed the weight
loss was 87.3%, so a decision can be drawn that this
is the heat decomposition peak of NHPH.

Effects on the Synthesis of NTDI

Figure 3 showed the IR spectrum13,14 of the re-
sults of NHPH and TDI, from which it can be seen
that the absorption peaks in 1780, 1710, 1365,
and 1120 cm�1 were the characteristic peaks of
cyclic imide, and the peaks in 3300, 1720, and
1500 cm�1 belonged to the urethano group. How-
ever, the characteristic peak of the NCO group of
TDI in 2260 cm�1 and the hydroxyl group of
NHPH in 3120 cm�1 disappeared. So it can be
concluded that the resultant is blocked by toluene
diisocyanate NTDI:

It is obviously important to get a high yield on
the synthesis of NTDI. In this article, five factors
were chosen with two levels per each factor as
follow: (1) kind of solvent (N,N-dimethyl, acet-

Figure 4 The effects of solvents and reaction time on
the yield of blocked compounds (catalyst amount: 0.1
mL) dripping rate of TDI: 6 mL/min, the mol ratio of
reactants is 1 : 1.

Figure 5 DSC-TG thermogram of NTDI (10°C).
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amide); (2) reaction time (2 h, 6 h); (3) catalyst
amount (0.1 mL, 0.25 mL); (4) dripping rate of
TDI (1.5 mL/min, 6 mL/min); (5) mixture ratio of
reactants (1 : 1, 1 : 1.2). Orthogonal Table L8
(27)15 was taken, and the interaction of the sol-
vent and time was listed in the third row. The
experimental data were shown in Table I, which
indicated that solvent and reaction time were
main factors; the other three were secondary fac-
tors. On the above basis, fixing the three second-
ary factors, effects of solvent, and reaction time on
yield were studied further, and the experimental
data was shown in Figure 4, which indicated that

using N,N-dimethyl acetamide as the solvent and
reaction time was 1 h with the yield 80%; how-
ever, it took 9 h to get a yield of 95% with dioxane
and 10 h to get yield 57% with cyclohexane. The
evidence indicated that the polarity of the sol-
vents is the key factor in the yield of NTDI: the
stronger the polarity of the solvent, the faster the
reaction rate with the higher yield.

Deblocking Temperature of NTDI

Figure 5 shows the TG-DSC thermogravimetric
curve of NTDI. An endothermic peak at DT

Table II Relations between Viscosity and Time (at 100°C)a

Serial
Number Mixture Ratio 0 h 2 h 4 h

T1 NTDI and E-12 (NCO/OH � 1 : 1) 15mp � s 60mp � s 70mp � s
T2 NTDI and E-12 (NCO/OH � 1.5 : 1) 15mp � s cured cured
T3 NTDI and TMP (NCO/OH � 1 : 1) 15mp � s 71mp � s 85mp � s
T4 NTDI and TMP (NCO/OH � 1 : 1) 15mp � s cured cured

a No solvent volatilization during the determination. Concentration: 25%.

Figure 6 IR spectrum of NTDI at different temperatures for 10 minutes: 1.50, 2.10,
3.120, 4.140, and 5.160°C.
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� 117.1°C (range of 95.2–145.6°C) and its corre-
sponding TG curve showed the weight loss was
10%, so it was considered as the cause of volatile
impurity; the exothermal peak at DT � 163.0°C
(range of 145.6–194.3°C) and its corresponding
TG curve showed there was no distinct weight
loss, so it should be the deblocking peak of NTDI.
Compared with the TG-DSC thermogravimet-
ric curve of NHPH (Fig. 2), the endothermo-
gram peak at DT � 207.6°C can be regarded
as the deblocking peak of NHPH. When the tem-
perature elevated more, TDI was oxidated (DT
� 235.5°C). With an even more elevated temper-
ature, the deblocking peak of the other substance
can be seen (DT � 380.9°C).

The IR spectra of NTDI mixed with paraffins
treated at different temperatures for 10 min are
shown in Figure 6, which indicated the character-
istic peak of NCO (2264 cm�1) at 120°C and more
distinct at 140°C, which means that NTDI began
deblocking at 120°C or more. In addition, the
initial deblocking temperature of NTDI obtained
from IR spectrum (120°C) is lower than that ob-
tained from the TG-DSC thermogravimetric
curve (145°C) and the diffidence is attributed to a
relatively fast scanning temperature of TG-DSC.

Conditions of Cure of NTDI and Polyhydroxyl
Compounds

Tables II and III showed a viscosity amplitude of
variation of the one-pack system composed by

NTDI and the polyhydroxy compound E-12 as
well as trimethylol propane (TMP). When NTDI
and the polyhydroxy compound (NCO/OH � 1 : 1)
coexisted at 100°C, viscosity of the system began
rising (Table II). It indicated that partials of
NTDI started deblocking, and the deblocking re-
sult of TDI reacted with the polyhydroxy com-
pound. However, the system of NCO/OH � 1.5 : 1
has an even more reactionary rate at 100°C and
the system was wholly cured after 2 h. Even with
a match of NCO/OH � 1 : 1, the systems cured
entirely at 120°C after an hour. It is obvious that
the initial deblocking temperature, when NTDI
coexists with the polyhydroxy compound, is lower
than that obtained from the IR spectrum and
TG-DSC thermogravimetric curve. That is be-
cause of the different mechanism of reaction.16,17

From the scheme above, it is obvious that the
latter needed higher energy than the former.

Stability and Coating Performance of NTDI and
Polyhydroxyl Compounds

The system was prepared by a solution of NTDI
and TMP in DMAC with a prorate of NCO/OH
� 1.5 : 1, and the viscosity of the solution was
measured periodically at room temperature. It
could be seen from the data of Table IV that the
viscosity of the solution was kept basically un-
changeable for 200 days. This indicates that the
system of NTDI and TMP is stable at room tem-
perature.

Table V showed the coating performance of the
one-pack system of NTDI and E-12. The determi-
nation of the coating mechanical properties indi-Table III Variation of Viscosity at 120°Ca

Serial
Number Mixture Ratio 0 h 1 h

T2 NTDI and E-12
(NCO/OH � 1.5 : 1)

18mp � s cured

T4 NTDI and TMP
(NCO/OH � 1 : 1)

19mp � s cured

a No solvent volatilization during the determination. Con-
centration: 25%.

Table IV Effects of Shelf Life on Viscositya

Shelf life (day) 10 30 50 80 110 150 200
Viscosity

(map � s) 20 21 22 24 25 27 28

a Solution of NTDI and TMP (NCO/OH � 1.5 : 1). Concen-
tration: 25%.

Scheme 1 Two different reacting mechanisms of NTD1.
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cated this kind of coating mixture could cure rel-
ative wholly at 100 and 120°C with good coating
performance.

CONCLUSION

During the synthesis of NTDI by NHPH and TDI,
the kind of solvent has a significant effect on the
yield: the stronger the polarity of the solvent, the
faster the reaction rate, with the higher yield.
Studies on the IR spectrum and TG-DSC thermo-
gravimetric curve of NTDI indicated the initial
deblocking temperature was in the range of 120–
145°C; however, when it coexisted with polyhy-
droxyl compounds, the initial deblocking temper-
ature was about 100°C, and the system showed a
fast deblocking and curing reaction rate at 120°C.
The solution of NTDI and polyhydroxyl com-
pounds performed good coating mechanical prop-
erties after baking at 100 and 120°C; the system
composed of NTDI and polyhydroxyl compounds
had a long shelf life at room temperature.
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Table V The Mechanical Properties of the Coatingsa

Mixture Ratio
Adhesive Power

(Grade)
Shock Strength

(kg � mm)
Flexibility

(mm)

NTDI and E-12 (NCO/OH � 1.5 : 1) 2 50 0.5

a The sample was dried for 2 h at 100°C and another 3 h at 120°C.
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