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High temperature rheological properties of surface
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Abstract: In order to improve the compatibility of polyvinyl alcohol (PVA) fiber and asphalt in application of
asphalt pavement, the surface of PVA fiber is pretreated with KH-570 silane coupling agent. The tests such as
contact angle, rotational viscosity, temperature scanning, multiple stress creep and recovery (MSCR) and the linear
amplitude sweep (LAS) are conducted to study the compatibility and high temperature rheological properties of
original PVA fiber (T) and surface treated PVA fiber (ST) modified asphalts with different contents, so as to evaluate
the effect of surface modification process on the rheological properties of PVA fiber modified asphalt. The results
show that the surface treatment process improves the compatibility of asphalt and PVA fiber. Compared with T, ST

has better viscosity increasing effect, rutting resistance, and permanent deformation resistance at the same content,
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and can slightly improve the fatigue resistance of asphalt at the lower strain level. However, T and ST have no obvious

improvement on creep deformation ability and fatigue life of asphalt at high stress level under repeated load. The

surface pretreatment process can effectively improve the storage stability, viscosity and high temperature deformation

resistance of the binder and the results provide reference for the preparation and application of PVA fiber modified

asphalt.
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Table 1 Technical parameters of base asphalt

N 0% (=g 7N SCAE FARTIK SR
25 ‘CHTEFA
67 60 ~ 80 T 0604—2011
JF x 10/mm
Ak 52.5 > 46 T 0606—2011
15 “CH} 4 > 100 > 100 T 0605—2011
15 “CHI % E/ s
T L037 SO T 0603—2011
(g-em™)
135 ‘Cifiz 3l
2. 608 <3 T 0619—2011

B/ (Pa-s)

R2 BTN R H AR SEL

Table 2 Technical parameters of thin film oven test

RIS S BORERR KR
Fi /% -0.504 -0.8~0.8 T0610—2011
AR /% 72 >61 T 0604—2011
15 CIFR B AL /em 20 >15 T 0605—2011
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Table 3 Technical index of PVA fiber
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AR Young Ty FE A E I AEBRIE, AlARFE (1)
L (2) B IL TR (BA)FI PVA £F4E B5 T2 -

1+§050%:m 3%"‘«/? (1)

W, =1v,(cos6" + 1) (2)
Horpr, oy NARER IR TTRE ; v) Myt 43 B PR IR
Feimi [ HREAY U AR A sy Ry 4 SR
Wit 2RI H BRI 0 T
FRHER LRl s W ol SEFAEm TS oy,
T ARTIRE ;0 W LT 4Rl A

Wi FIAR I TR B 27 fh 0 e 25 SR L 1, s
(D) A5 5 AR ) R ae . b, ARk
HOK B (L B R 21, 8 m)/m?, BRPES> N 51,0
mJ/m’, FKIAAEHR 72. 8 mJ/m’; FRifER T =B
oy 34. 0 m/m?, B4 524 30. 0 mi/im®, 3%
AIHE N 64. 0 mJ/m?*; WiTH WA HLS &M 22. 9 m)/m?,
etk 1.2 m)/m?, FIHHEN 24. 1 m)/m>.

(a)
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(b) Wity -P =B 42 ok £y
Fig. 1 Contact angles (CA) of (a) asphalt-water and

(b) asphalt-glycerol.
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(a)

JEfbfa R 111.49°

Tl 100.49°

s i

B2 TR PERTS PVA P 4En4Emfm (o) Pis-
JEAEPVA; (b) Wit -RIEALELPVA

Fig. 2 Contact angles (CA) between asphalt and PVA fibers (a)

with or (b) without surface treating.
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n! (Pas)
~
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B3 R T es J h 2

Fig.3 Viscosity temperature curves of different asphalt

160 165

binders.
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Table 3 Regression results of viscosity temperature curve

et P EPSES FIRARER
T-1. 0% lgn=2.917-0.024 0.9925
T-1.5% lgm =2.663 - 0.024 0.9803
T-2. 0% Igm =3.264 -0.023 0. 986 6
ST-1.0% Igm =2.950 - 0. 023 0.9885
ST-1.5% lgn=3.187 - 0. 024 0.986 7
ST-2. 0% lgn =3.253-0.022 0.994 0
BA lgn =2.842-0.024 0.9875
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RS T PUASIERE ), M RS E S
Wit R RS Es T3, A 7 45 A R AR 1 I
BRURNVERRAR, X S RTARE A 4 R —3L.

180

—a—T-1.0% —e—T-1.5% —%—T-2.0%
—v—ST-1.0% ——ST-1.5% —a—ST-2.0%
—x— BA

S YIME / kPa
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(=]
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B4 HEEUIBELR

Fig.4 Complex shear modulus versus temperatures.
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Fig. 5 Phase angle versus temperatures.
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ERCA D ik K (TR S N R 7 S A=k DS Y A VN
A F3E . X ST, 4R MALHE PVA 21 4
RO 19 e Ay, ARRL A AR S BA M T —

200

—a—T-1.0% —e—T-1.5% —%—"T-2.0%
175 —v—ST-1.0% —e— ST-1.5% —A— ST-2.0%
150k —x— BA

—

N

W
T

TN T | kPa
49 5
S 3
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t/C
Bl6 R4k

Fig. 6 Rutting factor versus temperatures.
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A 0] 52 2% (R) B 1 U (R R T, ) 64T T 53
Mr, S5FanE 7.

Ry IR, A0 R FAAAEAE 0. 1 kPa 13, 2 kPa Jif
FIAKE TN 1 s VAR 10 s 12 B va] 8] 550 2% 5
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AR T 7 i A s st A v ke o = A ik A2
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S 60k S
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5t 1 1 I 1.7
1.0 1.5 2.0
w (PAV) /%
90 o 88
¢ —a— ST (Ry) | 35
85 —*= ST (Jnr-diff)
T (R,.)
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Bl7 MSCRIAHKESE  (a) 0. 1 kPafi/KF FRAIT S
PAV P4 it A3 C 5 5 (b)3. 2 kPa fif /K P FRFIT S
PAV S YL /BN R 5 (o) B 7 Ut B AT 4k 5350

MAEAL
Fig. 7 MSCR results. (a) Relationship between R, J and PAV
fiber mass fraction at 0. 1 kPa load level, (b) relationship
between R, J and PAV fiber mass fraction at 3. 2 kPa load
level, and (c) variation of stress sensitivity with

PAYV fiber mass fraction.
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JEAER A, T ST BT 5 R 4s & 1 fifs
W R RS NEBE I Z, iR
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R RO 1. 5% I, TRIST B 230 4k T BA
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K8 (c) s T 45 3RFE B I 1 U PR A5 R A1
Joar G PVAB RIS R M. BIRINT, PVALYE
RS, RN, USRI TG, &5k
AL FE 5 PV A 27 4k et I 7 R R N 7 A8 AR 1 3
FEhEE TR KRR REE. Ak, THY
Lo AR BE TR, 117 ST (49 R, B J o Bl PAV T HE
SPBE AR AL AR IR BE AR S . AR AASHTO MP 19 2
K, SBS BCPE R 4 R ) SUSES bR AN B AT 75% .
MR, SRR T i 0 G 3 2. 0% Ao A7 I ]
KB SBSHRifE, TR MANEEIE 1. 5% 1) 1 it 574X
RPmTil % 2K, RALR IR SWES G0
R Y& g, T TR A R AR IGIR N )
s BT .
2.5 LASRIS

SBIESE T ST (5 55 M RE, X2 K I &40 A
(pressurized aging vessel, PAV ) ZbHR 5 (AL TR
IR, DSOS RS AR IE . o, R
BYYIN AR A PR IR AE 5 min N O ZEPERE NS 10 Hz F
B30%, VACASEIASTE] T A1 ST RE S AE LR P38 in i g
ARSAE R BT N S RNV, 254 VECD A5l
TR S R () RS, R I 57
A

Nf:A(ym)B (3)
HA, NOWIETTFFAT 3y 0 AW IR M BT DI A2 5
AN B R R £ 2. 5% 5. 0% AL 2 AF
T, X PVCEFLERie M Wi 0% 55 A A b A T I, an



a4

KA, S RIMFLTE PV A L7 75 i s i i 2 415

KI8. 1£2.5% WA, MHETFBA, £PVAHE
ST R T (9 57 Ff g A B, (B PVA TR
TR 388 Z AR AR AN K, T ST X T9% 57 75 i 1 $2 7+
R, PVATRRECH 1. 5% F12. 0% B ST Bk I
AT BA, BN T £)2 500 F15 000. 7£ 5%
RASZAET AR Es BHaRE 195 55 75 A YA K
TEE, HPVA B8 A4 m 6 N RS K R AN B
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Fig. 8 Fatigue life prediction results of (a) T and (b) ST.
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