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Effect of lignin fibers and basalt fibers with different lengths on the

properties of asphalt mastics

MA Chuanyi'?, NIU Zhenxing’, HAN Hongtao', ZHANG Jiupeng’, CHEN Luchuan',

SONG Chuangye*, HE Yinzhang®’, ZHAO Xiaokang’
(1. Shandong Hi-Speed Group, Ji’nan 250098, China; 2. School of Qilu Transportation, Shandong University, Ji’ nan 250002,
China; 3. School of Highway, Chang’an University, Xi’an 710064, China; 4. Liaoning Transportation Business Development
Center, Liaoning 110166, China)

Abstract: [Purposes] This study aims to investigate the effects of lignin fibers and basalt fibers
with different lengths on the properties of asphalt mastics. [Methods] The high-temperature
deformation resistance of fiber-reinforced asphalt mastics was evaluated using a dynamic shear
rheometer (DSR) , while low-temperature crack resistance was assessed with a bending beam

rheometer (BBR). A fluorescence microscope (FM) and scanning electron microscope (SEM)
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were employed to characterize fiber surface morphology and interfacial bonding of asphalt mastics.
[Findings] Asphalt mastics reinforced with 6 mm basalt fibers exhibit a higher rutting factor,
lower phase angle, and reduced average irrecoverable creep compliance. Additionally, the creep
stiffness modulus of asphalt mastics reinforced with lignin fibers is minimized, while the slope of
the creep curve reaches its maximum. Microscopic observations reveal that basalt fibers are
interlocked to form a dense structure in the mastic system. Lignin fibers featured rough surfaces
capable of adsorbing substantial amounts of asphalt. [ Conclusions] Asphalt mastics incorporating
6 mm basalt fibers demonstrate superior high-temperature deformation resistance, while lignin
fiber-reinforced basalt mastics exhibit better low-temperature crack resistance. These findings offer
valuable insights for practical engineering applications.

Keywords: road engineering; basalt fiber; lignin fiber; asphalt mastic; high- and low-
temperature performance ; microscopic characterization

Foundation items: Project (52478433) supported by National Natural Science Foundation of China; Project

(2022B56) supported by the Science and Technology Plan of Department of Transportation of Shandong Province
Corresponding author: ZHANG Jiupeng( 1983—) (ORCID: 0000-0002-9627-4836) , male, professor, research

2025410 A

interests: theory of service performance evolution and toughness enhancement of road infrastructure.

E-mail: jiupengzhang@chd.edu.cn

0 3l

[l

SYEPH I I Ok AT LA, I
FET BB AP B PR RE R B, A R T
IREEHEHITERE 0 AT LERES MR H 5
et [ F T VERE B 9 R4 ), Bk i b
SRR W A0 S i S O ) XU, 0 RE R s
AT Y 7 B R ) R 95 MR

LR, A 5T 28 21 4 A2 o 21 2 J2 W b i
(R4 T 75 B R B I 2R A e A Jorp Xk
AT YE B B B A MR RE BRI R 4 Y
WHT, L Ca 4R i R AR R e R i R
G- B4 o A BEL SR AR A 00 2 B TR SR T
24000 T A TR 2T 4k W RE AT AL U B T A B
RS LA, 8 i 6 TR ) AP 0 SR B, DA T ik >
R PRIE T i T T B4 . XIE S0 b T
AR ZR £ 4 B £ 4 o 00 7 5 AR L P T 1Y B
ROR, 45 R R WA 5T 32 21 4 00 3 7 105 AR st g
MR RO L. WU ST 4 X A 27 4 (3
TR AR 7 50 B VD2 4k 1 R 2R B X iUA 21
2 ) FIA i 2% 21 4, e o 1 6 2 7 44 X 0 7 T
TLARAT oA B ST, 45 5 3 W 3 0 288 2 440 ] L i
LW IR IR ERE . FAHAD 85700 20U
EF Yk | BRTR £T i AU S5 2R 2T 20 0 AN I B 20 -

T M- R & Jd ik B R R W) (styrene butadiene
styrene block copolymer, SBS) s A, IR
Wi B PERE 5 N O AT AT £F 2 1% SBS eh P i 5 1k Rt
17X EE, 45250 s A 27 4 1 v TR PR e A
SHIZE " WFFE T AR L alh 27 4k SR XA 27 4
FA ST 3R 2 4 X5 5 T e 3 1 R 1 ke 3 8R4
R BRI £ A S RE AT R = U IR Y
TR AR VERE FIR IR P R B . QIN ZF RS T A
Al B (6.9 A1 1S mm ) 2 i 2T 24 368 I 75 J K Ak
AE 1Y 2 W), IR AN i) 4 B X i 21 2 0 7 IR
PERE 5 A ot 3R 27 4 0 5 IR P RE HEAT X L, &
B 6 mm Y 2 B 25 G- XTI R T g i B TRk
eSS ORTE N

L BTk KRCE L YRR iR £ XS
JEE A e FL AT W3 AR A . AR, DG T AR
FIPLBE Y 2R GEPE BT FEATI R N BE =, 4 1) K i 3R
2T L TR W35 K b i B T AR AL R 1 R 52 4x
W, o A E Tk R GE I A ST LA B . 7R
AT A T T IR VR BE 19 52 0 Dy T, A5 BIE Y
KK 6 mm KR LR AR K A PERE IR AL
AWEFEINN 9 mm 22 27 4 7 R A 1 fE
A EEEXT 6 mm DU By 23 £F e X 7
R AN B SUURZ NG 733 2 S S T A N 7 1 B R 7 N
LR AR (3.6 F19 mm) (9 2 ik A £ 4k
1 2 2T 24 0 7 eI, DA v i R BE AR 1 RE P 7

A% P 3k ¢ http://cslgxbzk.csust.edu.cn/cslgdxxbzk/home



FH22K %5

NS, R F A e 5 R R K % K B A e x I F R R A 09 %R 19

TET, BF AN [R) 2T 48 Xk 0 7 J A P i ) ke R, O
BE— ARG LT e Wi 75 I 1 OO AL

1 #R5K%E

1.1 JE# RS
1.1.1

A 5T F SBS T-C RCPE W 7, JHoH R HE ik
P (O 6 T AR R B IR A RN S AR ) (JTG
E20—201 1) #EATIE , 85500 2 45 0 2 (A B
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Table 1 Basic indicators of SBS I-C modified asphalt

HARSEbx WK K E
25 CEFA /(0.1 mm) 60~80 63
5 CHE & /em =30 38
HAkaSC >55 65
ARXF % B/ (gr em™) 1.032
Jo A5 K % <+1.0 -0.056
25 “CHR A /% =60 73
10 “CHR B 4 ¥ /em 220 28
.12 Bk

WH R A R R B0k, e S 80K
P (o i TR AR RHA I AR ) (JTG 3432—2024) i
e, Bk W22,
R2 FHEAAKRE

Table 2 Basic mineral powder indicators

HARSE bR PR R TA TR
R L (g em™) >2.500 2.683
TR % <1.0 0.3
FIKFEL <1.00 0.78
SAPERREL/% <4.0 3.5
T e p BEIEARAE | ZiE IRk
<0.6 mm 100 100
ARBEERY <0.15 mm 90~100 97.5
3 04 5T 6 3 55U %%
<0.075 mm 75~100 86.2
1.1.3  £74

2 £ 4E (basalt fiber, BF) & — Fj o 8l 21
PREF2E, PR REE bR L3R 3

K J % 27 4 (lignin fiber, LF) & —Fh 2 5 P85
e I 27 4, B B i R T e ), P RE AR A
W4,

R3 TABULEHEKER
Table 3 Technical indicators of basalt fiber
KR | HAR | BEEE/ | BIfRER | BOPERE | R | RS
(grem™) | BE/MPa | H/GPa | K£F/% | C

mm pm
3.6.9 15 2.64 3000 65.2 2.58 1479.1
R R F B AT
Table 4 Technical indicators of lignin fiber
LR /mm | KPS RI% | EIKEI% pH{H
<6.0 16 4.7 7.6
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(b) MERHLFHIIT . L5078

() LRYEDITT IR
Bl1 ZXEHERFREHNE&ERE
Fig. 1 Process for preparation of asphalt mastics with basalt
fiber
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Table 5 Moisture absorption test results of fibers

SRR m, /g m, /g W32 1%

6.000 6.011

3 mm 6.000 6.012 0.19
6.000 6.011
6.000 6.017

ZRAELE | 6 mm 6.000 6.016 0.28
6.000 6.018
6.000 6.028

9 mm 6.000 6.027 0.46
6.000 6.027
6.000 7.684

ENDiE SR 6.000 7.670 28.07
6.000 7.699

TE ey, o IR LR AR 0T b s my, | Ry W 58 HE SR AR A T
2.1.2 A
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2.1.3  WREE T

LR AEWRR 95 A R IR T s .
RTATLIE AR A AW 7 5 T R B
Oy R T2 AT G A AR BE R A AR, (LR

BARERENIGM, Z R A T4 WG 2
T B, 32 A R A 0 £F 4 L ﬁﬁﬁiﬂ’ﬂ%lﬂﬂf
GERE T, Wi TR 5 M B AR A AE s S I 2

M, BAR 3 mm X R A A4 1 2 | tl:%%ﬁ FH
B, (A LW B B 7 FNAR X A 2% |, X AT RE R AN 5
AR A S A AT O S NP wara L S E o
I TR 2 5P 1052 S ek
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Table 6 Heat resistance test results of fibers

B | PR | HiE
RAHI% | RAI% | B
5.00 4.98 0.40
3 mm 5.00 4.99 0.20 0.27 .
5.00 4.99 0.20
5.00 4.99 0.20
6 mm 5.00 4.99 0.20 0.20 Jo
5.00 4.99 0.20
5.00 4.99 0.20
9 mm 5.00 4.99 0.20 0.20 Jo
5.00 4.99 0.20
5.00 4.66 6.80
KT & 21 4 5.00 4.65 7.00 6.73
5.00 4.68 6.40
s, o IARATEF AT s m, |y AR 724 i

21 Yk 2 A m g | m /g

LA
214k

Hi K

RT HGRFHFEMNKLER
Table 7 Asphalt retention capacity test results of fibers

LS5
FA

LT Y2 ml m, /g m, /g m, g m, /g

5.00 198.60 | 181.47 12.13
3 mm 5.00 197.65 180.50 12.15 243
5.00 201.52 184.36 12.16
5.00 197.60 | 179.10 13.50
6 mm 5.00 199.20 | 181.28 12.92 2.68
5.00 197.22 | 178.38 13.84
5.00 207.62 | 181.97 20.65
9 mm 5.00 201.53 177.88 18.65 3.94

TR
LRI

5.00 199.32 | 174.45 19.87

5.00 200.70 | 113.60 | 82.10
AT LT 4k 5.00 202.13 | 116.90 | 80.23 | 16.30
5.00 201.23 | 114.12 | 82.11

‘H‘E smy o REFETTE sm,  HWIIREF AR BT i s m, , BT e
H i 4E4%Wﬁfﬁﬁm
22 EHMERENXER
22,1 AR

2 e R HE N BE AN BY N iR IR g R . 2R G

A5 W 3k ¢ http://cslgxbzk.csust.edu.cn/cslgdxxbzk/home






