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R [l p-RN 3 = AR (KH550 ) X ZRALF4E (BF ) s 7R AL BEH 4 T ot X a 474k (MBF ),
DI EAEHEIE R T IR EHTPB ), — 2R P b — S5 mURRER  1,4- T BN FORHG i T B85 & &L A1) EHTPB
FLIEEE (EPU ), it BREJFIRR N %% MBF 5 EPU 4% T e b8 MBF@EPU ., %] SEM. FTIR F1 XPS
Xt BF Ml MBF £IIEH . 53T TRAE, SRASIESEMUR TR 77 RER 50Ut MBF@EPU i#17
T, 255, KHS50 el MBF SR &4 KEM C TR, HRSRLE B4, MBF 5 EPU L£HiH
A BT T %, MBF 15| ARESR =5 EPU [WRHJE 5 J12% %R, M MBF flit EHTPB Jiht 20%ifil45 95
SRR AR e Gk Be, AR R IRIBGEAS] 140.0 °C, FISRIEN 8.68 MPa, WiZdfi{ =N
329.04%, Lt EPU 43l T 7.7%F1 24.9%.
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Abstract: Modified basalt fiber (MBF) was prepared by surface treatment of basalt fiber (BF) with
y-aminopropyl triethoxysilane (KH550), and epoxy-terminated hydroxyl polybutadiene (EHTPB)-based
polyurethane (EPU) was synthesized using EHTPB, diphenylmethane diisocyanate and 1,4-butanediol as raw
materials. Then damping material MBF@EPU was fabricated by epoxy ring-opening reaction between
MBF and EPU. The surface morphology and structure of MBF and BF were characterized by SEM, FTIR
and XPS. MBF@EPU was tested by dynamic thermo-mechanical analyzer and electronic universal tensile
testing machine. The results showed the introduction of KH550 made the surface of MBF contain a lot of
carbon element, thus obviously increased in surface roughness of MBF. Meanwhile, the analyses also
indicated that MBF and EPU main chain were connected by chemical bonds. It was also found that the
introduction of MBF improved the damping and mechanical properties of EPU. The optimal comprehensive
performance of MBF@EPU was achieved when MBF content reached 20% of EHTPB mass, with effective
damping temperature range of 140.0 °C, tensile strength of 8.68 MPa and elongation at break of 329.04%,
which were an improvement of 7.7% and 24.9% compared with those of EPU, respectively.
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SR ] Y 5L T ] (BRI 5E Y B, - = 2R
Ferbde (KHS550) B — i (/K il G 2 kR, X
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A SCHME A KH550 XF BF gEAr 8 m etk , I
EHTPB. — KH ki — 3 ERAs (MDI), 1,4-T %
(BDO ) A J5RER A hl 3 B A PR 4E 5 A 1) 3R g
(EPU ), 381 ¥R 40T 340 S5 1o il 4 BHELJE Y3 v . 2%
PERE R AP R ERBEE AL, B 7E M B JE A R IR
ZE AR P B 07 R AR 2R (0 AR Y LB

1 SRIGERSY

11 KF 5
EHTPB, R#E GO BRI, b2k, HEME

1.8 mmol/g, {157 1L T4 FRA s MDI, fb2#40,
FT BT ARAT; BDO, #ral, filH#E
YR A RA R BF (K 3mm), %HEE
SAEA R E s KH550, 40bral, REES—AHL
R T HRAR NER, sbral, S8R TH
FRAT; JoKOEE . WA, AFral, Kigtmik
KAk A R A

SU8010 AU4THfi L+ Wi e ( SEM ) FIHETEAY
(EDS ), H 4 Hitachi 22 ] ; Nicolet MNGNA-IR560
AU B AR e 2T /M5 (FTIR ), 32 [H Nicolet 23
A ; XSAMB00 £ g X S8t FREE ( XPS ),
YL Kratos 23 A ; Q800 shZSHAMLM A Hr{L( DMA ),
3 [® TA /A ] ; Instron 3365 B HL T J5 g fr i s AL,
£ [ Instron 2] .

12 FHik
1.2.1 #H BF (MBF) &%) &

TG, 2Bk BF REREMRIER , BARERME
IR 26 20 g BE A 1000 mL %248 H1, il A 500 mL
IR, Kb i, =R B RE 30 min, BRI UE
2 h, SRJE ] 200 mL ZE48/K R A IEVE 5 UK 2 N i
SEA L, AREAE (80 °C) T4k 24 h, BHIEH .
4 10 g KHS50., 400 g Jo/K £ 100 g 7818 /K B il
A KHS50 JE 5408 1.96% %, K T4 )5 ) BF
FCABCHILF VA = i T4+ 1 h (200 r/min ), HX
WE 288K (200 mL ) P S LA E, OAME
A (40 °C) Hrg T4 24 h, B H5155] MBF.
1.2.2 MBF@EPU #j 4] &

5, 4 50.00 g (0.0167 mol ) EHTPB il A
BREHERS IR A 250 mL = B, SRS A
50 mL PUSIKR , ZEEAI TSR E, 90 °C TR A
#£ (400 r/min) 2 h, FFRZE 60 °C, MMA 16.67 g
(0.0667 mol ) JERIRZS ) MDI, HiifE i, FF
PSS ARG, BIRETEE 80 °C, FFLER N 3 h,
BRI EA MR, £ 90 CF, FEmMA 1.50 g
(0.0167 mol )BDO 1 10.00 g MBF, 7543+ 5 min
FBRARUL, RGO AR A R F TR A0 2 DU R £ A A
Hrp, FASHA (90 °C) Hrdpse i Msifk 12 h,
Bt =Rk 7 d, 5% MBF &4 (L) EHTPB [y
T, T E )R 20% 0 FE 5L i 44 8 20MBF@EPU .,

HARE & 7k A L, R M2 MBF 5 BF
(e, FF MBF &8 10%H1 30%H] 45 i RE 5 43
44 10MBF@EPU F1 30MBF@EPU, ¥ BF &
AR 0. 10%. 20% . 30%iHil 15 A RE & 43 il i 44
4 EPU. 10BF@EPU. 20BF@EPU. 30BF@EPU.
HAKR )7 W3 1, MBF@EPU W& M4 &l 1 fr
N, H R 5 RMIER(CH,), i CoHs.
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%1 BF@EPU 2 MBF@EPU fyfc 7"
Table 1 Formula of BF@EPU and MBF@EPU®

FE i EHTPB/g BF/g MBF/g
EPU 50.00 0 0
10BF@EPU 50.00 5.00 0
20BF@EPU 50.00 10.00 0
30BF@EPU 50.00 15.00 0
10MBF@EPU 50.00 0 5.00
20MBF@EPU 50.00 0 10.00
30MBF@EPU 50.00 0 15.00

W EAARES T, MDI16.67 g, BDO 1.50 g

H,O/H*
H,N —R —Si(R'O),

——————> H,N —R—Si(OH),

1.3 SRS LMK

687 FH 147 S R R B A SO R e ) 2 i T
SAIEATIE M o ol ol L AR R 2T ARG, SR
FH BRI B 7E 4000~500 om™" I %0 il P9 3677
it X Lot T RR IS O R A BR A #1724
Al KOG il S0 SR BT AAE-70~70 °CXf
RFH 40.0 mmx10.0 mm=2.0 mm 9 #F BT IE,,
Frfhi, WK 5 °C/min, KK 1 Hz, ffiHHE
FHfe M EHL, M GB/T 528—2009, 50
mm/min [ 5 3k 3 B HEA TR SC 5

BF BF — OSiRNH,

MBF

MDI/BDO

/ \ / N\
HO—+(CH,CH—CHCHp;—¢CH,CH=CHCH,%},- OH ———> v CH— CHAVWWwY

(0]
/ N\
rnonny CH— CH AV VYVYYYVY + MBF

HEPUSFAE B

OH NHRSIO-BF

K1 MBF@EPU (¥4 MKk
Fig. 1 Synthesis route of MBF@EPU

2 #R5iTE

2.1 MBF BI%&#454r
% 2 - BF 5 MBF 1) SEM &,

K2 BF (a. b) F MBF (c. d) ) SEM ]
Fig. 2 SEM images of BF (a, b) and MBF (c, d)
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WOk 2% I A bR, X FECRSMER BF 5 EPU BY
ghG 2., mE 2. dATLIES], KHS50 Ayt
ot 2 2 3 TEDRDRE 72 Bt 20

& 3 4 BF 5 MBF [ EDS fllif45 5%,
B 3 N, PIRhEFdEkim R EAAAE 3 FocE, B Si.
O. C. BF 5 MBF #Jfi Si. O JCE W FEEULF
#HF], MBF 3R C TR MR 7EHN 38.58%, 5

O JURM BRI ELIT, KRRy, REPER BF
EEH SiL O TLEREMA, RELPFAFIEAIITE,
1M KH550 B4 200 M AR 21 2 3% 1 & A KL C T
R, XA T SR
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K13 BF (a) fl MBF (b) [ EDS 4HHr
Fig. 3 EDS analysis of BF (a) and MBF (b)

[ 4 3k BF 1 MBF 19 FTIR £ &, 7l 4 s,
BF 7E 960 cm ' 4b 1 W Wi I U1 )& T Si—OH 2t ity (e 4
J%5h .5 BF #E , MBF A JLASH 9 Wi, 1536 cm™!
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A1 £ IR WA 0 2 1h KH550 431 A i i N—H 82 i 9
e AR 1066 cm ! Ak BRI R Si—O0—Si #E Y
4R IR D, J& i KHS50 $248; BF MMif= ), 1383 cm™
b Bz W 04 091 J T KH550 TR HLA> T4 C—H 1)
24 gh %1, SEM 5 FTIR (945 549EW], KH550
BRI BE ¥EAT T8

/13+83 9

1536 60

e

1066

4000 3500 3000 2500 2000 1500 1000 500
BeE/em™

P14 BF (a) fl MBF (b) i FTIR j%[&l
Fig. 4 FTIR spectra of BF (a) and MBF (b)

2.2 EPU 5 20MBF@EPU ByZR1E
& 5 & EPU A1 20MBF@EPU 1Y FTIR 35,

4000 3500 3000 2500 2000 1500 1000 500
WE/em™

%5 EPU (a) 1 20MBF@EPU (b) ) FTIR %4
Fig. 5 FTIR spectra of EPU (a) and 20MBF@EPU (b)

WK s frs, XFF EPU ik, 3320 ecm ' 4K
EPU " N—H # (45 4k sh i, 2915 em ™ B
JHE . R T C—H R IRshIE, 1704
1732 em " Kb 43 5% 17 R R | TR BRI C=O #tt
B a4 sz Ikl , 1220 em™' AbIHJE g C—O
B 4 R SR I, 1450~1650 em ! A&k A I i g
Xif o 5 G4 iR A B A ORI B R I M e iR B, I
2260~2280 cm ' 4b BEAT H BRI S FURR B H NCO 3t
PP AN X B A 4 41 s W A0, 3¢ B SR SRR R L 1 5
AR P T F A LR, FE 910 em! Ab,
20MBF@EPU HY W W s 375 58 A< W] Wl 55 T EPU, AL
SRR A AT A R I R i 3 e R 4 U 5 B R
HHFHEILA S MBF AR IR, i
20MBF@EPU 7£ 1100 cm " [ 75 35 i1 W i e Hs BE

HJEF Si—O #ErMAadRsh , X & T MBF R0
SIAT Si—O ., 45 %EM, —F 45 MBF 5 EPU
i g s e ) O %

#l 6 iy EPU .20MBF@EPU [ XPS 43 & C 1s.
O 1s Al

& 6a W LA 1, EPU Al 20MBF@EPU 1 C.
O. N K& Si JCEM L ¥ FRENS MBF H 145
JLE; HE 6b. ¢ AIH, 45 HEN 284.8 il 285.6 eV
XS R, C—C . C—O i, SRR g ) T2 fb 24
7] 286.6 eV AbHILE A REXT IV T EPU R AL 1,
Xf b =% K, 20MBF@EPU 7F 286.6 eV A1 %54
ARG R RN, O, R £ 55 L5
AFEH S5 MBF i (A &k & AR AT IR O g, 0
A C—OH i, fdi 285.6 eV AbIKZE A HEld s i A8
Ko HE 6d. e mJHl, HEILAXT DAY 532.9 eV 4b
(25 A ISR T 5 MBF S 5 AR 7 H A2
DL EZER S FTIR W45 RIEA—5, £ T MBF 5
EPU 553 8 — & b F AT T i 42
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531.1eV
C=0
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GifrReleV

532.0eV
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a—XPS 4i%; b—EPU [ C 1s; ¢—20MBF@EPU [ C 1s; d—

EPU /Y O ls; e—20MBF@EPU #Y O Is

E 6 EPU Ml 20MBF@EPU () XPS i} C 1s. O ls

T A
Fig. 6 XPS full spectra, C 1s and O 1s spectra of EPU and
20MBF@EPU
2.3 DMA &o#f

REBEBLJE AR DMA 4s 5 3% 2 FiiEl
7. DMA Z5 5 (B A8 I 7 i (E A AGBE e (ke
KF>0.3 ) TR B2 Al 5 bRk 2 P g 1 5 224
. IR 2 FIE 7a AL B, BF MIAJF AR S
B PPR R AURE R T M & AR BT A8 4k, 546 EPU A
I, 20BF@EPU F1 30MBF@EPU [ #E [H 11 {44
HAHZE 0.04, AR R bR} ) 3 55 10 5% A8 T
(Ty)o X HEASLHAPRIY T, PTLALEL, %hn BE X4
BRI Ty MR, Oy, 2R R S
EPU 3R Be 45 0 LU A1) KL Aok o3 SRR, X T, B
R JE M RE RZ A AT DL Z W AT 5 FEI0URE PR 7 0 AR
JEYEEILASL, B AN BE B9 EPU A4 RH IR F T
WA —E R, FEAUETE 0 °CRL ER Xk, X &
THIERER T, ZEEZAN e, EPU
N ERBE BB W T 4hiz 3, EPU 431 ] B4R 1 BELAS
THEEB B g, WASEROR 1R i ARfE, T4 BF
M RGeS, WENA %S S T NIREEBGZE ), 1Y
KT HFE, =TT HErERER), H MBF 5 R &
A, WD T R B B O B R
PRAL T Z R AR FIRA S S, MBF A SR 2R M
BERYIE, XF Y EERE Y TTERIG £, X 7E 200 SR
AR A B E RN, L BF Ml

MBF &R 20% M P41k 9 BH S 1R 3848 T i
¥, 20BF@EPU WA e RIEE] T 112.7 °C,
20MBF@EPU WMIikE| T 140.0 °C, H.4li EPU f9
54.6 °CAY 4R E T 58.1 F185.4 °C, &l 7b [l T #4
B AEREA I SRR C R . & 7o AT UL, Bl IR
JERTER, MR GERERI R B AL . BT A e
R AT DS AR s AR 4R
AT B RABRILAR, LEA B2 T B 3R AT
BF X & G ARG REAL 2 4/, X & T BF
FERAR T G R S A L), TEM L2 7
TCIER A R, X & ARk B sk 5 i 4
/Ny 3 Ui MBF (AR S e L KT EPU, H
B MBF & &3 inmse s, &Kk, BF /BN
—FhRARE KT, 22 KHS50 A5 5 T 95K
PRI, R[S 1A MBF Z[E], FT MBF
B3, mE 7e ATLAK IR, BF BOGHNEEE T 4K
FIFERE R, BF Fll MBF & &4 30%9 9 464 R
PFEB IR B e KM, X2, fEE G M EZHh
TERIEE, BT R 5 A X i3 3l = A= $5 #E
bh, UGS YEZ ] YRS BRSO T AR
—E MR SRR, YR T A MR R PR
O peAh, gEX H At £ 2k 1 5 R S BHLE b
BRI RF P25 BB, B A AR B S R R A
50~80 °CryfeTt, FealEde TR Sl e
X[E] (—40 °CLAL), SEBLT & R 58 IR BE e A1 R
Hixo

*2 RABMEMEH DMA £
Table 2 DMA data of polyurethane damping materials

B WRERET  BiFERETERME ARHRE
o et TRLBE/°C IEL8/°C
EPU 0.79 385 54.6
10BF@EPU 0.78 380 58.9
20BF@EPU 0.75 -36.0 112.7
30BF@EPU 0.76 -37.0 61.5
10MBF@EPU 0.78 -39.3 95.4
20MBF@EPU 0.76 -38.9 140.0
30MBF@EPU 0.75 382 67.7
082 — EPU
—— 10BF@EPU
071 —— 20BF@EPU
0.6F —— 30BF@EPU
' —— 10MBF@EPU
I 05 \ 20MBF@EPU
¥ o4l 30MBF@EPU
B N
0.3 \¥$3§ESSEf
0.2 /
0.1 i 1 1 1 1 1 1 1

1 1 1 1 1 1
NI PIPSODP R PLED
REEC
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2000 _b —— EPU yiaj‘ 5 %Bﬁ EPU %%g:l:g&#ﬂﬂﬁﬂj o
—— 10BF@EPU
—— 20BF@EPU
s 1500 —— 30BF@EPU
E —— 10MBF@EPU
18 1000 L ~—— 20MBF@EPU
=" 30MBF@EPU
B
E 500t
0 L
ENFOBAD N SN R
B/ C
400 |° — EPU
—— 10BF@EPU
—— 20BF@EPU
s 300F —— 30BF@EPU
g —— 10MBF@EPU
i 200 - —— 20MBF@EPU .
% 30MBF@EPU % 8 20BF@EPU (a. b) #l 20MBF@EPU (c. d) hif#
% 100 IHi 16 i) SEM &
Fig. 8 SEM images of tensile section of 20BF@EPU (a, b)
ok and 20MBF@EPU (c, d)

NSRS OP PR PO
REEC
a—PAEIN TR BE M2 b—RAER R -IRBE 4k s c—BiIAEH -
B I 2%
K7 RAN e B DMA i
Fig. 7 DMA analyses of polyurethane damping materials

24 NFMEEESHT

K 8 MAECKAEH T 20BF@EPU (a, b) Fl
20MBF@EPU (c. d) Fffilri iy SEM &, X L&l
8a 5 ¢ W LAFBEF|, 20BF@EPU LT il A R £ 1Y
FLIR, X HT BF REDOLHE, SEMENESS K
%, TEMEZ AT LI BF Bil, ME T T
FLIR 5 256 MELE 8b. d ] & 8L, MHELIEIE Y BF,
MBF 5 EPU 254 J B B as, SUpE7ELT dewid

R NR L HORLA I 7 - R A AP 9 B,
P A58 5 I R SR A B B DL 3

8 -
6 .
§
R4r
& —— EPU
2 —— 10BF@EPU —— 10MBF@EPU
—— 20BF@EPU —— 20MBF@EPU
30BF@EPU 30MBF@EPU
1

150 200 250 300 350
REAE/Y%
K9 REMRRHLIE AR R - N AR 2k

Fig. 9 Stress-strain curves of polyurethane damping materials

0 50 100

*3 RATRMLEM R 2P

Table 3 Mechanical properties of polyurethane damping materials

PR EPU 10BF@EPU 20BF@EPU 30BF@EPU  10MBF@EPU 20MBF@EPU 30MBF@EPU
P AHEE B /MPa 8.06 8.09 8.46 8.71 8.44 8.68 8.80
DT SR e 22 /% 263.35 279.43 257.31 312.46 247.12 329.04 280.65

HE 9 FIsk 3 WLIER], FrAUIN BF MR
TR BELJE A1 R A 7 A ik B 20 4 — 2 42 T, X T,
MAE A RREZ AN VR TE, FSRE . AR BF
Ve “BAE", HEHRME— 8N, FEMBEY
A ELAE BT e R . R iR A2 T 55 oh—
WAr#fr, ik, BF BIIMASRE T EPU #oRHGHL
fiisw fE RO Bt BF #m A9, BF 5 EPU 34k
S M R R B A R Rsi B, R B A ARG
P B Bl % BF 75 A8 i imi 3 K % L BF@EPU
Al MBF@EPU WL & ¥, MBF figit— 724

BERHG LR, Hodh 30BF@EPU 758 B M
EPU [ 8.06 MPa $£7} % 8.71 MPa, [fif 20MBF@EPU
ARy 8.68 MPa, & EPU 2% T 7.7%,

30MBF@EPU (47 fifisis B2 Il #E— 2542 7} %8 8.80 MPa,
I EPU M2/ T 9.2%, X /& H T MBF Al L5 EPU
DAPREETF IR S0 1 1 SR 4, 30m T s &
J3, PR R At v T . AR R
ERTAIA B, 5 EPU AHH, 30BF@EPU (1 24 H K
RILTHT 18.6%, il 20MBF@EPU F4 i 4K 2 |
BIFT 24.9%, KF|T 329.04%; LEAPiAHsgRzE,
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20MBF@EPU HA B AEMZEE T2 ERE . HAATER
B4, 4 MBF & HE353] 30%Hf, 30MBF@EPU (1)t
ZUK Z T E 280.65%, X A] AE /& FH T° MBF 4
A EIN R EOEE TR R BG, BALT b
BHEPERE. 28 1, MBF MDA 2 & T R AR
BHE B B R 2 R, 5 PSR EHTPB
AR Z IR 8.00 MPa [y A1 FE F1 270% 4 W 244 <
AN, ASCA Y TR B M4 R E 125 M fE
HA B ENIEE.

3 #it

LI EHTPB Ry EZE5RMG B 1 55 & A M E 5
A1 EPU, fifi 1 KHS550 X} BF 2 gk A7 et It A
EPU il sl TBH/E#F KL, @it FTIR. SEM. XPS
XPHHEAT T RAE, S5 EW], #5 MBF 0] LI i 3
FITH B 5 EPU &4%, ARUsm T & W

4571,

i 3 B AR AL 3 AT AR 7 7 RERL AR 56 HL
MR T & A AR B PERE B UM fiE . 45 3= B
MBF (3NS5 1 5% 2 He BELE bR R HAE , 42
= 10 CLLE XS AR BHE e, MBF@EPU
ORI A R JE iRk e EPU A B E R T, Hok
20MBF@EPU WA e IR T i %, #2711
85.4 °C. BF RYEINTT AR & 3R 2 g B 4 i $r
fTREE . Ak, 325 T MBF 5 EPU Z A3 E T
RN, 30MBF@EPU (W47 fiii% & 2k 8.80 MPa,
EPU #2711 9.2%, 20MBF@EPU N4 feAE i 44
PUBCPERE , LA B2 R 2K R L EPU 430 4
T 7.7%H1 24.9%,

SE 3k
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