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Temperature-Time effects on macro-micro properties of RPUF for tunnel sealing
XING Mingzhi"?, ZHAO Shoutian', MA Weiting', ZHANG Beichen', WANG Cundong’, FU Yizheng’, ZHANG Tong', ZHANG Yanfei’
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Abstract : To address the urgent need for rapidly curing, high-strength, and wide-temperature-adaptive materials in mine tunnel
emergency rescue operations, the comprehensive properties of rigid polyurethane foam (RPUF) under different reaction tempera-
tures (5, 20, 35, 45, 60 °C) and curing times (0.5, 2, 4 , 12, 24 h) were systematically investigated. A composite polyol system
comprising high-hydroxyl-value polyether polyol, phthalic anhydride-based polyester polyol and polymer polyol was employed to
successfully prepare RPUF materials that combine rapid curing, high mechanical strength and excellent temperature adaptability.
The results demonstrate that the compressive strength of RPUF increases regularly with curing time and stabilizes after 12 h. At
20 °C, the compressive strength in the central region of RPUF increases from 222.16 kPa at 0.5 h to 252.40 kPa at 12 h with an
increase of 13.6%, and increases by only 1.2% during the period of 12 to 24 hours, indicating that the main curing process is essen-
tially completed within 12 h. RPUF material exhibits a strength distribution pattern of "lower part > middle part > upper part" along
the vertical direction. The central region of RPUF displays the most uniform and regular cellular structure, with an average pore size

of 237 wm, the number of cells per unit area of 19.58x10°/m?, the foam structure mainly composed of regular hexagons, which
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mostly represents the material's overall performance. Reaction temperature exerts a decisive influence on RPUF material properties.
Within 20—-35 °C range, RPUF demonstrates optimal comprehensive performance, with a compressive strength of 255.50 kPa and a
uniform and dense cellular structure. The low temperature of 5 °C resulted in large pores diameters (with an average diameter of 321
pm) and defects, reducing compressive strength to 195.74 kPa. Temperatures above 45 °C cause an imbalance in the foaming and
gelation reaction. At 60 °C, the average pore size reaches 383 pwm and compressive strength of RPUF decreases to 197.18 kPa.
Temperature significantly affects reaction rate, with reaction time shortening from 112.44 s at 5 °C to 31.22 s at 60 °C, representing a
72.2% reduction. At temperatures ranging from 5 °Cto 60 °C, RPUF is basically fully cured within approximately 12 hours. The
compressive strength after 12 hours of curing at 5 °C and 4 hours of curing at 60 °C reach 96.2% and 97.9% of their 24-hour (curing
time) strength. This study establishes the optimal processing parameters for RPUF in mine emergency sealing applications are a reac-
tion temperature of 20—35 °C and a curing time of 12 h, which ensure optimal cellular structure and mechanical performance for
RPUF materials.

Keywords : rigid polyurethane foam ; reaction temperature ; compressive strength ; curing time ; cellular structure ; micro-
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Tab.1 Formulation of component A for rigid polyurethane foam

m

phr

Raw material Parts

Polyether polyol-4110 300
Phthalic anhydride polyester polyol-315B 300
POP 60
Tetrabromophthalic anhydride diol 90
Triethylenediamine 3.6

Bis (dimethylaminoethyl) ether 2.4

DBDTL 2

Silicone oil 15
Distilled water 16

HFC 107
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Tab.2 Compressive strength of different specimen sections tested

at different curing times

Compressive Compressive Compressive

Cureht ime/ strength of top/  strength of middle/ strength of bottom/
kPa kPa kPa
0.5 199.71 222.16 230.82
2.0 214.58 222.97 231.38
4.0 218.08 228.87 239.15
12.0 224.71 252.40 267.56
24.0 225.43 255.50 273.24

Fig. 1 Schematic diagram of sampling locations on RPUF vertical

cross-section
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Tab.3 Average cell size, number of cell per unit area and density
at three locations of RPUF

. Mean pore Number of cells per Density/
Section . . 6 2 3
diameter/pm unit area/(x10°m™~) (kg'm™)
Top 283 12.52 353
Middle 237 19.58 359
Bottom 192 28.31 36.5
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Tab. 4 Average cell size and cell number per unit area of RPUF

at different reaction temperatures

Reaction temperature/°C Mean pore Number of cells per unit
diameter/pm area/(x10°m?)
5 321 8.37
20 237 19.58
35 280 12.76
45 313 11.45
60 383 6.82
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Tab.5 Compressive strength of RPUF at different temperature and

curing time

Compressive Compressive Compressive
Cure time/h  strength at 5 °C/  strength at 20 °C/  strength at 60 °C/
kPa kPa kPa
4.0 105.522 228.87 193.19
12.0 187.27 252.40 194.15
24.0 194.74 255.50 197.42
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