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Z,NCO & £ SR, B 7R 2 00 25 B0 B ey, TR 5k
e TR Sy MEAE 2% . o T il 4 38 F 1 i = TR
HAE Fh Y A S R & R (SPU) M HOR &R
(SPUM) , A X ZHF 58 NCO & & X} SPU Hl SPUM
£ BE Y 5 I AL

AR SC LA R I F o — S RUR IR ( MDISO ) el 1
BN Z 0 EE (BHA130) 4 32 2 50k 45 T SPU,
5T T NCO Xt SPU i 241 R Fniif Ak 1 it 1Y 52
M SPU 5 X iCA B RHE A 15 58] SPUM, BF9E T
NCO 2 R /K i) % SPUM 5% F 4 E Y 5% i, OF:
A 3 X} % TR A ) SEBRAB AR B UE T SPU Y RN ZE BT
FEABAMSCR . AR SCHYRFFE LS T LAl SPU 1Y T2
Her R S%

1 ER#Hn

1.1 SEIg#hat

MDI50,NCO &4 33. 6% (B 43 %0) , Tl
9, T et 2 2R A RAR AT R /] s BHA130 (FR{E N
80 mgKOH/g) . [EfL5F Q201 ( ¥:{E M 403. 2 mgKOH/
g), Tk g, dbatdb b TR B AR A BRA w5 1 i 57
(BYK-535), Tolb g, S vifb A BRA | KA
B (K42 10 ~15 mm 5 ~10 mm .0 ~5 mm) RER AT
W R 0. 075 mm) , Tk 2%, 41 5 E =P 7= i
ARRAFE], BRI ARTER IR 1 PR,

#1OCHRREARE R

Table 1 Technical specifications of aggregates
H AR FRE LR
JEREAE % 20.5 <26.0
EAZ OB FEME % 22.4 <28.0
WK 2/ % 0.51 <2.0
1.2 SPU #l#&

¥ BHA130 £ 120 C FEZSFK 2 h, iR 2
60 °C, A MDI50, 2218 FHR 2 85 °C, [ 3 h, #&
JE R 2 60 C, A —E &Y Q201 Ml BYK-535,
g TR 2 80 CIHFHA ML 2 h, [, B ERAE,
H5FN Y SPU i h SPU—x (x i NCO & ) , 19
SPU-6% 77~ NCO 751K 6% 1) SPU,,

1.3 SPUM #l#&

PR 2 BRI REC T (AC-13)  H i
28:33:33.5:5.5 FRECKLAE 10 ~ 15 mm |5 ~ 10 mm
0 ~5 mm P ZEAFH R, BEHEA5) 8 AR &
Y, 5 R TR 6% 1) SPU VA 70 °C, 5HEA

RAWIREHHE 6 min, 735 SPUM 1Ll SPUM —x (x
3 NCO &) .
2 SPUM RYB I ICBETT
Table 2 Aggregate gradation design of SPUM

R ER %
LR /mm @R %

R TR
16 100.0 100.0 100.0
13.2 93.5 100. 0 90.0
9.5 73.8 85.0 68.0
4.75 43.9 68.0 38.0
2.36 28.5 50. 0 24.0
1.18 21.3 38.0 15.0
0.6 15.1 28.0 10.0

0.3 11.6 20.0 7.0

0.15 9.7 15.0 5.0

0. 075 7.7 8.0 4.0

1.4 SPU #yPEEEMLR
1.4.1 HEhat

K FH Fa i 4] il #4 X35 B ( CREE - 8003 A #4
AREETH R AR BHE A R 2 A Wt SPU 19 ) 2%
PERE.

Wi GB/T 528—2009 " 3 SPU (144 f#1 35 JiF
KT R R A 100 mm/min, K SPU ¥
AU T TE UG &I A T R, SR T~
1.5 mm, TEIRE T d, FrEAE R SPU H#EE
B R I AIME AR 2%, BELHARE SR 3 Wk, 45 SR T
BIfH,

Z M GB/T 7124—2008 " ik SPU #4171 87
YIS BE (WA RS WP R L) S B R S mm/
min, FRLRE S DI 3 Ok, S5 R BCT- M, bR ilee
KHATEMASEWA R E SPU JG TERAES S
JCE 12 h SRJEFE 70 CHARHCE 12 h, 5 T
TRAEZS SR 48 h 5 AT ; = KRR R
KRG R, I SPU J5 FERBALAKF 12 h,
SRIGAE 70 CHLAFTPTCE 12 h, B 5 TE RS SR
JiCE 48 h JE AT
1.4.2 &RMEARE

¥ SPU 5 U BEAE R DU 2 AL TR i e
JERE R 1 ~1.5 mm, iR E L 7 d, B RELE R SPU
W R BT R 514 20 mm x 20 mm FOREH, T°100 °C
Tl TR, RN m,, FEERAN T, R
R TR AR (K 20 C) , (8] F& ¢ B fa] H
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R K 23 5 PR, B B A R AL, e %
N om, FIT 25 SPU - IOK 3 W,

m, —m,

W=

x 100%

M AL R BE A R I B ME A8 IR AR SRR K (UK
120 °C)7 d Ja YRR B, H A5 IR ER KA 1
iR B2 A LU AR A R AT iR B PR R

TSR R EE A bR o 1B ES AR SRR K (K
i 20 °C)7 d, SR e TR AL BUS YRR SR LS
AR LRI KA AL AP 58 2 P 8 = 2 fej it JEE £

S
1.5 SPUM & A aE MK SR 5R W 22
1.5.1 E#BE

K IR AR 2L 55 (SYD -0716 &Y i
et AL 5 i & A R A | KPS JTG E20—2011
(T 0716—2011 1) " I BF 245 B . K5 SPUM
FE R Al S8R B30 524 (ZM) - TTA
R b R AR B A R A ) fl TR AR IE
JIAIAS 50 W, 459 3k 52 1) B ORI ¥ D8R
P2k 1 h e i,

1.5.2 FHETHEMEE

KRS AZHLEE FE I B ML ( LHFS =28 7Y Jb gt
PHEE A AR R & A R A ), MKE JTG E20—2011
(T 0733—2011 i) "™ ¥ SERIREUZ K 1 h, SR )5
A SHICE 7 d S5 DRSO G AR K )
1€/ R
1.5.3 ELBRRABEE

SR BORFE FE IR IR (FY -3A A Jb i rh
PHEACHE FRHE AR A E]) , MKE JTG E20—2011
(T 0709—2011 1) "Mk Sh BRI B O R e
1.5.4 BTk

KA A U 7 B (SEM) (S -4700
AL R Sett B Sz AR BT ) W8 S s R 1 B 8 OU
TESL, NS L R 20 kV
1.6 SPUM X472 P& E i B9 SERR &b

PL SPU-12% R LK R A2 B4 1222,
F BRI 1 TR 19 it T g R E AT RN 2R I BT A 1B
#b o it T A SRy T I T A AR A 9l A
E A YU AT S AN, YU R SE S 100 em x
30 cm X6 cm,

$ 10 ~ 15 mm 5 ~10 mm .0 ~5 mm AR5l
WA B HE 282 33:33.5: 5.5 AN EBIR Bk 9 HF
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Fig.1 Flow chart of pavement repair construction using
SPUM
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PEPE 5 ~8 min, SR HE PG SPUM LA /K B
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TR EBHL(HCYL) —60A %, 4> 46 HLAS I T A
WA BRZA 7)) B -8 B SE Tl e +h , I 1L
BRI ANT 5 A B TR

2 #R54%

2.1 NCO £ =3t SPU AR R M
2.1.1 A5

& 2 S NCO &%) SPU {55 Ji7 5 iy 24 K
RIWEEm, ol LI BEE NCO & 6% 1 jm E|
12% ,SPU HIHLH5RE M 7. 8 MPa H /%) 23. 0 MPa,
WK 410% AR 171% , NCO 25 &340
5575 SPU [k ™4 h & 1 2 i v R AT (R
PR TR AR L ) |, i B3 Ak DX 1 (R L3 G 75 s 4 im,
FER RN AR R W S 2 T
[EVEFR i3k, L, B NCO & &3, SPU 1
PG R W LA Rl
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Fig.2 Effect of NCO content on tensile strength and
elongation at break of SPU
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Fig.3 Effect of NCO content on the tensile shear

strength of the SPU standard sample and
immersion sample

2.1.2 WRERR

WK AR AR K G LA 5 B R4 32 AT LU T 3RAE
SPU W /K PERE , S IEOL T, oK R R K 5
P78 B R 5 =, SPU TR 7K M R -

3 JRIF NCO i SPU (13- i i 7K 2R 1
LSRR R, FTLLE W B NCO & &g fn,
SPU Y-8 W 7K 2 3 W 5, e RAB /N T 3.50%
WK 5GBS M R SRR B A OG5 M (o
MIRAC IR B A5 ) - g Kk 23600 NCO B i i
B, — 5 IR TR RSSO — Dy e s 1
P AR AT (2B T R IR JE DRI ) 1Y 5 o, A
F R A R X SPU ST 7K 3R [ 52 1)

#3  ARIE NCO &M SPU f-F-# K A hr

[ERPSRES
Table 3  Equilibrium water absorption and tensile strength

retention of SPU with different NCO contents

e PR, WWATRGREE TSR
% TREFR/ % PR/ %
SPU-6% 2.78 41. 80 92.74
SPU-8% 2.86 45.18 89.95
SPU-10% 3.19 35.71 85.01
SPU-12% 3.49 53. 80 83. 84

G FESHA;, SPU BK 7 d i, KA T B ik A5
G FE ] VR FH 008055 , DR I 9 2 oy el i 58 A 4 %
BAR, N 35% ~55% ; TS, SPU fifi B[] 5l #7 A B
5B ) ) A E TR SR, (A5 e i B AR S
WG, TARARTER R T 80% .,
2.2 NCO & &%t SPUM B A 1E LI 2200

B 40 FE FE B ORI 28 R AT LU R PEAN
SPUM Fy /K Fase Pk RE ALK 401 3 fiE 1 1), B9 S e
SPUM 7 RN 22 T Ao 6 FH MR

F 4 NATE NCO F Y SPUM B BF 455 i il
KHEHRRR, LA, BK 1 h JFARTE NCO & &
1) SPUM 1Y B¥ 45 5 24 K T 0. 8 MPa, Jf HFE &
NCO 7 5 F 3G i, B% 2458 FE B4 K NCO & 2 R
12% B SPUM (155 24 58 i 35 31 5 KAE (1. 49 MPa) ,
FH NCO & EME 1) SPU 58 BHEA S, fEK T
A LAARAS T = M RE Ao . X — 255 SPU 4L
sy U)o BEASE R — 30, A, 3R 4 BT LR
h, E AR E ORI AR K TGRS T AR 1Y
ERRORY/NT 4% |, IF H AR IR KRR K &
INTRRIE SRR R, LR DL L5 RAT I, NCO %
N 12% 1Y SPUM 254 B PERR R, A TR LT
PIPTR I FERE , 3 H T7K T SO & T i bTRs
FEAPtE T, YUK IR FE S PO

F4 AR NCO & H) SPUM TEIZ7K 1 h J5 BB ZL5m F
A G R
Table 4  Splitting strength and the Cantabro loss of
SPUM with different NCO contents after

immersion in water for 1 h

Fes BESLIRAE . ARiE RECRC IRK TR R
o MPa E /%
SPUM-6% 0.85 3.71 1. 84
SPUM-8% 1.17 3.00 3.06
SPUM-10% 1. 44 2.31 2.12
SPUM-12% 1.49 3.20 2.87

2.3 RI/KEFEFIELL R EXT SPUM B A1 BE RO R2NT

2.2 A4S, NCO &5 1Y SPUM )
B HYERERC L, (B2 NCO & = #i7 , SPU 11 [ 1k i3
JFEEERPR B HE A4S SPUM % FH 14 B Fifi 42 7K Bsf (1] 7 A2
b, PRI AR SC e #% SPUM — 8% 3k BF 9% 32 7K B (8] %of
SPUM [ FHPERERISZ A

W5 SE1% SPUM S 8RR e 7 BRI A K i, U
S 152 7K TR B B /R AR R B RN O 2R 3 1 5
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Fig.4 Effect of immersion time on the Marshall stability

and Cantabro loss
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Fig.5 Effect of curing time on splitting strength of SPUM

cured in air and water

(a) SPUGLZE A

(b) SPUSHBLEHESAMTE itk Fr )

K6 SPUM-8% {=/K ML) 1Y) SEM [ A
Fig.6 SEM images of SPUM-8% after water immersion
molding
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K7 ST AT B ANE BN 8 A H BB R A
Fig. 7 Pavement conditions before pothole repair, immedi-

ately after repair, and 8 months after repair
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Preparation and performance of polyurethane in pavement
pothole repair during the rainy season

WU XiaoLong' DUAN HaoTian' JIANG ZhiGuo''*> ZHANG Jun®’

(1. College of Materials Science and Engineering, Beijing University of Chemical Technology, Beijing 100029 ;
2. High-Tech Research Institute, Beijing University of Chemical Technology, Beijing 100029 ;
3. Huizhou Beihuagong Industry — University — Research Base Co. , Ltd. , Huizhou 516081, China)

Abstract : Single-component polyurethane (SPU) materials have been prepared using diphenylmethane diisocya-
nate (MDI50) and modified castor oil polyol (BHA130) as the main raw materials. SPU mixtures ( SPUM) were
obtained by mixing SPU with basalt aggregate. The effects of isocyanate (NCO) content on the mechanical proper-
ties and water resistance of SPU, and the effects of NCO content and immersion time on the pavement performance
of SPUM, were studied. The efficacy of SPUM was verified by the repair of actual pavement potholes during the
rainy season. The results showed that in the experimental range employed, the tensile strength, tensile shear
strength and equilibrium water absorption of SPU increased with increasing NCO content, and the elongation at
break decreased. The optimal overall performance of SPU was obtained with an NCO content of 12% ( mass frac-
tion). The tensile strength of this material is 23. 0 MPa, the underwater tensile shear strength is 2. 75 MPa, and the
equilibrium water absorption is 3. 49% . The splitting strength of SPUM increases with increasing NCO content and
immersion time, and the Cantabro loss is less than 4% . When immersed in water for 20 min, the Marshall stability
of SPUM reached 8. 47 kN. After using SPUM with 12% NCO content to repair pavement potholes in the rainy sea-
son, the potholes showed no obvious wear after eight months. The results show that the material has high repair
strength and good water stability and can be used for the practical repair of pavement potholes during the rainy sea-
son.

Key words: polyurethane; pothole; repair; rainy season; road performance
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