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Preparation and Properties of Modified Polydicyclopentadiene
Elastomers Based on Blending with Low-molecular-weight Polymers
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Abstract High-performance polydicyclopentadiene (PDCPD) elastomeric materials were prepared by copolymeri-
zing dicyclopentadiene (DCPD) with tricyclopentadiene (TCPD) and introducing a low-molecular-weight polybuta-
diene (PB) with good compatibility for blending modification. The copolymerization of DCPD and TCPD allowed for
the tuning of material rigidity; the introduction of PB decreased the crosslinking density, reduced the proportion of
rigid cyclic structures, and provided a plasticizing effect, collectively transforming PDCPD from a rigid thermoset
into a flexible elastomer. When the PB content ( mass ratio to DCPD/TCPD mixture ) reached 35%, the modified
PDCPD exhibited a tensile strength of 12 MPa and an elongation at break of 296%, demonstrating a thermoset elasto-
meric behavior. Scanning electron microscopy of the tensile fracture surface, dynamic mechanical analysis, and ther-
mogravimetric analysis indicated that PB existed in the system as a physically blended phase. Although excessive PB
addition slightly deteriorated the water resistance, the maximum water absorption of the material remained below

0.9% after immersion in deionized water at 60 “C for 48 h. This study provided an effective approach to transforming
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PDCPD into an elastomer through blending modification with low-molecular-weight polymers.

Keywords Polydicyclopentadiene; Polybutadiene; Elastomer

B GBI GE i T 200 AR R G L TSR L K BT SR Skl L TRR S
IR, B 2R W ER R AR A NGRS A LR . 52 A, H4E AR
T | TCIE RIS 5 0 SR 5 O — R R B O R, A B EN TS IR
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FEMTACHE | I BT o7 T 7 TR B 12 HET, PDCPD EEAEVR A . Braeli e TR %5
Dy AR B3z W S e A et MR N, AT A T T ek, e kil 0 e
o RTM 125 J5U7 S5 o — A Rl i, A SRR BB IR AR A 5 AR IS, T80 A HE Lk R R R AR 3

H T, 54T PDCPD 38 )5 2 HBIFSE 2240 & DCPD 5/ TR e B S 3L R o e B A 4
TR IR PR 7 3. Dean %57 R 1, 5-28F & (COD) 5 DCPD 2L, 4 COD hin A £ 4 33%
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Scheme 1 Schematic illustration of in situ polymerization and low-molecular - weight polybutene(PB)-
modified PDCPD
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1 SEIGERS

11 3RF . ISR E G

DCPD (4 >96%) . Grubbs IMEALFI (LEEE>97%) . HI 28 (Sl ) 1 — 58 FF Be (£ 99% ) , Bl
T AR A PR 5 PB (RS 4311 4600) MV BERR = 2Bk (21 >98% ), b stk ARl 4
A B H]

Nicolet 6700 74 {if BL A5 6 21 HP S 3% (FTIR) X, &AL 28 A, 37 [l 4000~400 em™, 4
32K, 43 3R 4 em™; S-3400N BT L T WA (SEM) , HAS H Sr 2wl RS FH i 204 20 e, i
TR S 2 ATEA TS 42 Ab 34 ; DMA Q800 24 2 A AN 4 BT (DMA) , SE [ TA A&, hr A=
ik, FEAL ST 30. 0 mmx6. 0 mmx2. 0 mm?®, $3#% 1 Hz, JHEHE 5 “C/min, J5JE I E-80~200 °C; Q500
PEHL(TGA ), 3 E TA L H], MR EEE R 30~600 °C, FHEEE 10 ‘C/min; CMT1000 AIHL 77 g
RISHL, BRIESUST 2N E], PR BATRE ASTM D412 677, 18RE o C UM A8 TR, , or fifr it i
100 mm/min, FFLLMHEA S AFERL, 25 LB .

1.2 KR

1.2.1 TCPD th & @&  ZBESCHR[21~23] 7 45 M TCPD. 6% 5 B DCPD 3l 2 hin i 1] 37 2% B 5
Jn# 12 h, i DCPD & A= PR A 3R % — 4% (CPD) ; CPD 5 DCPD J§i43i & /4 Diels-Alder 2137 , TE %,
DCPD ZE %) (4045 TCPD | PUFR I I A AR M55 ) 5 Nt 12 h {5 1k Sy, 1531 7 DCPD 5 H 5%
RYPNEA Y ;s FIHRITE ZE AR A Y TR 2808, IEE 110~130 “CIREE Bl N T8 4, 3145
TCPD.

1.2.2 B M PDCPD #f 8 8y %] & AU AT WA 58 T/ 3R, TCPD 5 DCPD 3 nl A %4 7+
PDCPD (#2572 ERE . RIL, i SEETHMPRMA R NI, A8 SCrb e 19 DCPD #4IIA 15% (J5t
TEO R TCPD. DL 40 B A 1 750 1 2 4 0. 39 mol/L ) Grubbs THEALFIZ K, LA DCPD M,
PR B RR — L BEFR R 2R 0. 66 mol/L; 45 LA BERR — L ERA W5 90 L Grubbs Ik
WO ZE 100. 0 ¢ DCPD/TCPD/PB IR AW+, Hid, TCPD LA 24 DCPD i & 1Y 15%, PB#B A LL A
DCPD/TCPD IR & ¥R =89 10%, 20%, 30%, 33%, 35% 8% 40%, THHRS G, @ e X E 2 HE
23 MBS P e (S P e I E R B ). IR T, MBEE B AJsURE, BEELZS 5 RSE R 250 mmx
200 mmx2 mm. K3 5 R OB EL B T HEAE Y, 90 ‘CELL 1 h, 120 “CREfL 2 h, Bt s BIAS 2otk
PDCPD #1 £} .

123 EIKERRASEMNR  BEIKEQ, %) S RRUF : 623 CF, Bk (m,, o FEFRHR
W48 h G R RV IS AR R (my, @), B2 Q=(m, — my)Imx100% 18455 Q, FRALIMEK 3 MRS LA
/D SEgR 25 7 AL S, S5 S BCE YR . WOK ZEMN R B 1SO 62: 2008 ARifEdEA T, Ff mg g 2Pk
PDCPD AR I AE L B K, BT 60 CHLAE, 48 h G FREUB/K G it (m), g). WKH(A,,,,, %)IR
i Ay o=(m} = m)/mx100% P15, B3 FER, G55RBCTHE.

2 GRS

2.1 PBHIEHIRIE

& 1(A) J PB I FTIR Y61, %18 737, 912 F1967 em™ AL FOAFAEIE 735U J& T PB A il 1,4 4544
1,2 4544 S trans-1, 4 25 i =C—H IR ghis >, FRUIFF IR PB Hh & A 3RO [FI3UE, Horr 1,21
BAERA) B RS 5 /D% ARIR S R TS B9 FTIR G5 [ 1(B) JaT LAA H, DCPD/TCPD R4
K DCPD/TCPD/PB IRA W A7 AE VA & TR VK I I RFIEDE (2963, 2866 55 1572 em™ ) -5 IR 30 (A A#AIE
I (2932, 2846 5 1615 em™) ™ ; 1 [E 4k )5 ) DCPD/TCPD 2241 [ P(DCPD-co-TCPD) | & PB gl #4 %4
P(DCPD-co-TCPD)/PB [ FTIR i EI [ & 1(B) JAT LAt , 50K A A S I RRIE I JEAR T 2%, T 5 56
P AR O B ERE WA AT (- B8 . #£ DCPD 5 TCPD SR f v, th FERSRk I 22 5%, BRUK A 88 5 &k
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Fig.1 FTIR spectra of PB(A) and monomer mixture before and after curing(B)
(B) a. DCPD/TCPD; b. PB; ¢. DCPD/TCPD/PB; d. P(DCPD-co-TCPD); e. P(DCPD-co-TCPD )/PB.

ROMP J v, ISR 535, BRI, BEPK AR DGR AE I RE AT 2K, GERA PB el i e 2R 2R S i 1
AT . S5 PB et P(DCPD-co-TCPD)AHLL , PB (£ )5 1 P(DCPD-co-TCPD )/PB 7£ 967 cm ™'k
Fig SR, 2 ISR T P(DCPD-co-TCPD) H ) PB ) trans-1,4 25 =C—H R I 51 .
2.2 4 PDCPD HOiRRiciE

2P PDCPD (% ik B I 25 3R (K 2) T LA ), BEE PB LA (3G 0, B4R 75 I B 8 4
K, BEEAM RL A S8R BE B BT A . BT DCPD [ 2R

B R Y SRR T R R 500
WL RO A, R, B PBAIA RS S, PBYE 100
AR b ry Y PR R VR T — e AR B E BRI T AR B Y g 300
T, RS AT S 200
4 et PDCPD A7 FH R iR 48 h J5 , HL 100
1 g 2R IS A9 RS WA 6 g @EP KIAX
FRIMA PB [ — W s (K1 3) , HARIRA WY 07 0% 10% 20% 30% 33% 35% 40%
I, BR% PBIIARMEZ, (1 EEH m(PB)/m(DCPDITCPD)
W, EEEHTREBIMPBE, #EHACA K )it Fig.2 Effect of PB content on the swelling degree(Q)
HLPR DCPI/TCPD 35 Hi, 5 T 1 4/ B £ v of the material

Wb, LR GEWGEN . A PB et f5 , JLEF DCPD/TCPD MR W52 1 [ 25 Hr (1) PB 4T 7E 3R
JE IR TR, B HE AR BOARS , BT PBANE THEEMTH, FILRGHEREIL A6,
FE ELR R PB 5 H 2 B PB Ut (3G NI 3 0, X — 4 LB PB 7E DCPD/TCPD JL YR R v L)
PR IE A7 A
m(PB)/m(DCPD/TCPD):
0 10% ‘ 20% 30% _ _ 35% _ 40 )

Fig.3 Photographs of PB-modified PDCPD samples immersed in toluene and the precipitation of

extracted substances in methanol

2.3 % PDCPD B /155148
AT S PB AL, SRAS T DRI B PR SR 1) 2Pk s A i R0 AL (1 4). 24 PB IS
(PB 5 DCPD/TCPD A WA i tL ) R 10% B, S0P PDCPD A7 A B K W 2R e 71, hrfi
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5 I FH AU N PB IS () 45 MPa 427+ 2 53 MPa, LR PB A3 8IVE I S BUA R A IABUE K, 4> FHEH Y
RAEAIRZ S LS &, PR R R A 2 AT A B 2 I AR RE AR i, B R
JEPE . ARSERG N PBES NG, WOtk PDCPD AR SR 3 S0 A% 2% (1) 7 fh ik B2 AR, T2 ARG A .
2 PB U A 30% I, FLWr MR AT 1K 2499% , 5 i R 26 MPa, WLEE S MR A7 it il 2847547 76 itk AR
0L, BRI RHER AR B A AE ST AE , RBUAHLM S MR CIE S8 4 mlg . 24 PBUSIN& N 35% &
DL, MR IR TR AR, SR SR T8, A 35% W PB I , APRHRYRLAGE B8 12 MPa, Wi
i 23K 296%. PBUSIIHRFEEG I, APRHET R S, Prffiom BEREAR, S22t bRk Wi R S
¥ o5 Hasl A | A R S I B AR K PB R3S SE/E M FIVE R BT S, th 38 1 AT DIUR B, AR SCHil 45 1) PB 0
PDCPD AR AT 5 3CHR R A o et PDCPD S A A 224 B {4

60 60 - 50 1380
(A) m(PB)/m(DCPD/TCPD): (B) Il Tensile strength e
601 0% 501 [l Stress at 2% strain 45 . _
0 - sof 10% £ [ Elongation at break g 1340 &
£ 4l — 0% = 1402 J320 &
40F 7 30f 200 = 40 g S
< o 30A) = . < —=
A & 20p 339 n 35 g 300 5
= Ly . 8 30t 2 1280 =
S 30 24 I 35% = 130 b
4 1 2 ) 3 4 5 40% 3 N 4260 8
% 20 Strain(%) = 20k 425 § | §0
W 3 2 g
10 i 10k I & 14 =
" / 12
T 1 1 0 ]
50 100 150 200 250 300 350 0 0

0 10% 20% 30% 33% 35% 40%

Strain(%0) m(PB)/m(DCPD/TCPD)

Fig. 4 Stress-strain curves(A), tensile strength, stress at 2% strain and elongation at break(B) of materials

Inset of (A): enlarged view in the strain range of 0—5%.

Table1 Comparison of tensile properties achieved in this work with those reported in previous studies

Sample Tensile strength/MPa Elongation at break (% ) Ref.
P(DCPD-co-TCPD )/PB 12 296 This work
DCPD and norbornene-terminated polyether copolymer 11 302 [16]
DCPD and 1, 5-cyclooctadiene copolymer 13 446 [17]
DCPD and caryophyllene copolymer 0.8 491 [18]

it — 25Kt PB 7E DCPD/TCPD W I AFAEIE 3K, RRA R %) Y% Wiy DRI 7 B oz Ao T TR T SEM 38
fECES). e i R [ S (A~ (D)) TR LUE H, PB UG l 0~40% B, A RHE T TE 251200
W, TR EF BRI, RWELS] PBAH Y P(DCPD-co-TCPD) AHAETE 22 WA A3 85 . i T4 T PBAH
5 P(DCPD-co-TCPD) AH) B AFAHZE , PBES IR IK 40% 15, AR 24T R B2 WA 23 55, SR ko bt
RERBUH SPE T . T B LA A, VRWTBT T SEM S, 24 PRSI 20% , 30% 55 40% B, )R
TEM R AR VRIVEDL T , MOEMIAAER v e, SRS B E B, -, HIXIEA
SO R A 3 B 1R L) W8

& 5(A,)~(D,) AT LB Y, RHAPB R I 20%PB (A4 BHE R AR W 24T 5 24 B B 455, T
2 PB IR N 30% e LA B, MORHER IS LT B AR AR, IR RS AT L R
A PBIE, ARHET RS Wi 2 it [ 5 (A (A, |5 A 20%PB J5 , #BHSCHKEE BRI S PB i3 5
VRS54 B R s shie 1, SECLRITERR T, PO g 2 A iar h BUR AR 5 58 KA 98 1
TEAR[E 5(B,) F(B,) ], B PBZERL KT 2LHT 5 ¥ A0 25 T DCPD/TCPD SR Y 2B M 45 vh . % PB IR
I E— 203N, DCPD/TCPD FER W scHR BEFEAIR, i BCHA BRIz shae /1, K, MoRER
P, o [ S BRI 4TS Sh AT 5 1) PB % i AL R S EUE T DCPD/TCPD HE R 581 M 45 H 1) PB
oy F R AZ R BERT R kA SR, N B 4> 2 (B 5(C,) L (D,), (COFI(D,) | FFH., ZEMRkEE)SE,
S IR PB G 14> T 55 is S E B 1A T DCPD/TCPD 2L Wy M 4 vhr | [RIH, 744 0 fif b 1
o, RSS2 BTG AR S . XIS E I, PBEIR R i DI BRI U A

Chem. J. Chinese Universities, 2026, 47(1), 20250332 20250332(226/229)



. P4 s Hg g R

o -
I | I CHEMICAL JOURNAL OF CHINESE UNIVERSITIES ﬁﬂ:ﬁl/t\.l

500 pm ¢

50 pm ! 500 pm ; 200 pm

50 um 500 pm - 200 um

50 pm i 200 um

Fig. 5 SEM images of the fracture surfaces obtained by liquid-nitrogen quenching(A,—D,) and tensile
fracture surfaces(A,—D,, A,—D,) of modified PDCPD
m(PB)/m(DCPD/TCPD): (A, A,, A,) 0; (B,, B,, B,) 20%; (C,, C,, C,) 30%; (D,, D,, D,) 40%.

24 % PDCPD B9 14 BEFR T K 1
PREEY B A AU BB NS5 S R 6 (A). BEZE PB AR XA, A4k e K ER AR S5 44 5 Eb sk
| ACHR B REAR S PB A3 SR R AL [R]  80k R h S BE i is sre J1 385, DAL R T2 8K . 24

1.0

(A) m(PB)/m(DCPD/TCPD): [ m(PB)/m(DCPD/TCPD):
0 4 100 PB
08F—10% 174 —0%
& 80f —10%
0.6 = —20%
o .2 603 100E —30%
g 5 < eof —33%
= 04 & 2 oot =20
’ 2 40 2 —40%
0.2 = 20 L= 23- i
400 420 440 460 480 300
0 1 i) 1 1 1 1 0 1 Tel""‘perallln‘e/OC : I 1 1
=50 0 50 100 150 200 100 200 300 400 500 600 700
Temperature/°C Temperature/°C
2 o (C) m(PB)/m(DCPD/TCPD): 20 LD) m(PB)/m(DCPD/TCPD):
e S PB ~
O —0 O
e L5p —10% %
< —20% S
= —30% =
D o0F 33 =
z —35% E
5 0.5 s
A A
(s n I 1 f . n 0 . ! . L
0 100 200 300 400 500 600 400 420 440 460 480 500
Temperature/°C Temperature/°C

Fig.5 T,A), TGA(B) and DTG(C, D) curves of PB-modified PDCPD with different PB contents
Inset of (B): enlarged view in the temperature range of 400—500 ‘C.
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PB U 35 30% S LA LI, BORHB B2 A4S T, 06, B 64 T, ))& T DCPD/TCPD HESRYy R 2%, 4R 4 )
JEPB A FHEBLZEZNM T, PB I AR T MR 7 1085 8, AR T HAE A T iy ik
WA HED) .

PRI AT 25 5 [ 6 (B) J32 B0, Bl PB SN A3, ARk $ A 35 i 26 1) IR 7 1) & R
WM . KRBT PB B, AR HE 50% Bt R EE (T, 50, "C) N 456.4 °C; TIA 40% PBJ& , B
(T, o N 453.7 °C, KB EEAG . RO i A A PB I 22. 3% AR Z A 40% PB 51 13. 7%, +
SR PBYE T 500 CHYTREE T LT &0 BT PB IR SRS , TEA R DTG fhZk [ & 6 (C) Al
(D) ] E S EN WIS IH S A, A IR b (i 5 PB B PR AT 55 , T4 e T FE A Y 04 DU 2 DCPDY/
TCPD LW KA . MR DTG B 26 B H N (E [FAEIERH PB 7€ PDCPD 1 LU BEAR IR A7
fE. LR BRTR, T PB A & 4 i B 5 DCPD/
TCPD :JWy 1) 43 i FE B30, R PB Yy R el i
FER B FEARARN T, , (B R B PR .

XTEcrE PDCPD TRk MEE 74387 . B AR I
KM LS (E 7)) T LUE 1, $EHE 60 C 251
KR 48 h i, 4 PB SN = T 33% B, etk
PDCPD (WK A5 BT ¥, HLBEE PB & N (1) 4k
g, WoKRBELW K. Y PBIINE L H], XF 00 10% 20% 30% 33% 35% 40%
2ot PDCPD (AT AP = AR AN R 2 ), (H e Rk m(PB)/m(DCPD/TCPD)

ZANETF 0. 9%, FE i PDCPD 5 PB R 454 Fig.7 Water absorption rate of PB-modified
Frak. PDCPD materials

1.0F

Awo(%o)

35

e H 5 PDCPD HA7 R 47 A 75 M 09 7 b A IR 43 5 PB X PDCPD #4738 ) i1k , 3 DCPD
TCPD 3 I IR 43 F 14 4600 19 PB, FJF&E AR A, Hil4 T PERE AT IR A e PDCPD A4 KL. A PB
Jei , VR Z R SC IR B S I BRI ZEAA) o el LA K PB A S A T, L[] S0P KB 4 9 ) e A
2 PR . 1345 T PB 5 DCPD/TCPD L3R AT H AR, BIVETLE 40% % PB S IR TGO, M8}
W AR B2 AR5 . 24 PB U IIHER AR 35% Ko DL It , AORAGIBPEIZ AR 2% , RIS R . A
35% (%) PB B}, 2l PDCPD fl 47 188 35 4 12 MPa, Wi 240K S8 3k 296%, S 30 M A4 4E . it 4h,
PB (IR SO R AR T AR T, [ RAER B T, 2B AL . RAE  PB IS A S fE—E e
J&Z 1 H]55 PDCPD BB KPR, (A HSR KIAKCRATIR T 0. 9%. A SCHIRSrF RS IR S LR
T+ PDCPD il 25 2ok PDCPD sfbERSR AL T RGEE . Aok, nll st ib— 4501515 T R 4%
AkL AT ILERE , 08 PDCPD 762 MM RIS BRIV 0, WA RG |« Bt . 0 B B A RS, 5o
RAEFLVERE S AR, IR AR/ A CRE IR A B G AR I i mT R .

2 % X #
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