%10

TMOMRAEE . R BE 58 AN ik DR SR AR BT A M P E 5 581

= eI PR R ARG B BRI 3R

T AR, LW, B A R, TR LB
AbEE TR JERUHTH B s 4 F o0k £ S50 T8 S 3086 %8, bRt 100029)

T R i BB 58 D S 28 S M T R ARAR M (NR) 7 7k J2 11 o it o Rt , R TP NTR L T G I8 e At V5 JE 43 1 465 0 L
FNRGEAL L SRR LI . 25 R 210 - NRETL AL RS AE 5 AR 52 A MRS T RE A% DR e A, Bt RS HSF D) 1) S, V25 JG Jo o
IR B I AR X 43 BT B/ s AN IR B T R S 5 T 2SR B N R Ak Jig it A2 AN R Ak e = 4 & A= B
24, B A0 S A SRR AT SR KSR R LB RS R ) P 0 — 2B A WA A T 0 S SR AT AR S AR SR AN E T N R
A SR S AT | SRR BRI

KIA : BRI ICREAR  RIRBRIE WAL ; R fig LB ; v

RES%ES:TQ332;X783.3 XERIRERG: A XEHS:1000-890X (2016) 10-0581-05

PR THAZ i NSOR FH E 28 o i A 21 122 LIk
N2 T s Y — 4 R ), R A O 5 e R
PRI FE [ () -t 2 2 TH AU e 7 A [, e
A R8I A A JS X 36 T ) B 35 P 4 LA % B R P2
AEWHEZNE L,

o8 e L e T ) A 2 o L A T ) = 4 o 2%
FTOF, Wit H A e o w5 3 03 8, TR e LIE AL
A, AT R PN AR i R i 7 X AT 2 4 AL
B! AL A R A L R R
fife 1o OV A SR A S £ S R R ) 4 Ak
A 25 T DA 3 R 2 3 GA F100% M, SR 1T H
T8 B Kt i A7 AR RE i B2 IR 2 L S5 e <
PRHE TR )RS, A e gt 7 vk SR By o A | e fi
SRS W A 25 4 B ik B 2 52 P Toll v

ARIITJE 0, 5 A R A AR AR B Wi 5 Ak
JCHOR A F R T 2 A B, PRI AR
SRR AL Z 05 IR A IR
PR R R L, 300 nmBE T A9 5E AME T LA AL
M RIS (NR) T ¥ =, - R AR A, 77 2R
BRI AL, BRI L LIRS B T S AR
TE 2RI HRGT T 35 RE A AN TR R BE 1 S fi
FRARBEHL A | 3 FL R 25 7K S5 R e A AN () 7 JEE 1Y)
AR . T I S S I A R S A RE R AR,

EBE B T (1988—) , 53 VTR F A, AL R0 TR0
BRI e O 97 2 3 VU RS IR e Bl bSO O
{5 R

b, B R R AN R R R A A A T R g
(ELARURE 14 e fif 28R 1A W ., I HL R I )
(12~~2 000 h) , PR 1277 1 A BB H] o

AR TR ZH SR FH 153 B 58 S I N 255 48 DR o fie
NRBEACIE , PR NRAB 0 [ fifp At B A S 145
(AIDYE L1 5 T 3 BEIS

1 I
1.1 FEFE#M#

NR, UbrHEIE , 2= 7 7 ZAR AT RS W 7=
BB, KR T AR AL T A R /7= i AL EE, &
TR B AL T A BR S w177 s A2 R CZRIM, R
A NUL T —) P2 B IR IR , R KTk
TA R 5
1.2 ®A

R T A L R P R PR 2 NRBRAE i
fAIfLEC T :NR 100, %A 4bEE 6, 8RR 2.5,
WE 2.5, EUEFICZ 0.5, {2HkFIM 0.5,
1.3 BHEZIIMNRMES

ity it 3K 58 SO SO 25 4 R S LLAR IR R
H RS AL B HE 220 VL, 8RO 50 He,
BETIR M. 2 kW, AR K 300 nm,

1.4 iXHEFH&E
1.4.1 NRFUE

FENR 5 Bt 5 S Ak B 5 78 T S AL IR 53

57 IR R BEAE AR B AL AL h B Ak, 1k 45 1 R 143



582 B

L

20164F5563 %

C/15 MPaX (541 min) . NRERFLIE H R SF420
mm X 20 mm X2 mm,
1.4.2  ZSMEFEMNRERLAR
R T BEARER GRS TS [F] R BENRBR AL F e
FRFREE 52 B NRBR AL BF B kLA , A FEAS
[F) 8 A/ B S A T) T NRABE Ak J o 1 o i 2 P %
2 DS a5 e e L £
FBENRAR AL A 57305 mm X 5 mm X 2 mmiz
BE, TR AT AR BSR4 B8], 2R3 58 A % A
J ARNRABE A 3o 2 v i e 3R 1T B A A2 A DL RO
B HLEL, FE S 5 2R IE B 20 em, M & T
100 °C i 2B 252 R R HT XU B sh 0 o
1.5 S5k

(1) BB 408 55 G BRG 5 NRAE Ak i
93 F T M R B 9 38 43 & K, R e AN [] R S5 st ]
T BINRER AL 5T (m) I3 0 B T2 A 4%
T A2 24 b, 0 B RIBE IS . AR A RS
N AN I 7 T O S A3 T LS A O v o R
T AT B w7 D) AT R E B (my) | DU
JE ST & ECR (m—my) /m

W B A% v ik T RS o MR T R A
FH T 00 7 i e AE X 43 0T o R W L R Ak
('H-NMR) .,

(2) W AR 73 it . SR H515-241080 5
% 38 615X (GPC) (32 [ Waters 2y &) 7™ i) 1l 2
VS I A R AR X 43 B a (M) R 4 A 23 T
it (M), IR 250 Hds £ (PDI) |, P4 &0k g 2y 3t
S R LI bR R B 35 °C

(3) B R A . SR AV 60078 ik 1A A% g At
PRAL (FEE Bruker 2\ vl 7 fifn) WU 5 S 40145480, )
IR SRS DT, I B 23 C

(4) 8 L S35 217 AR5 (FTIR) ik, SR H
FTIR{Y (7 I RESATRONZ 7 7% i) i A JRNR
W A 26 25 A1l REG Ji5 3 1 2k AT 1 A2 4k, 4 B
N4 em',

(5) $Efb A M, SR G242 fi £ 0 i1 &

(1% [=] Dataphysics 2y /] 7= f) M8 A RNR &% Ak i
28R HMC IR S RH SRR AR R E N £ 1, 4
S EE A i SAN AN [ DX 3 a2 o A, BT 24046, DA
PRUE 50 ) HERR 4

(6) TLER 3B R LR A A A (P& 1ot
RO M RGEA FHEL) 3B ARNRR A5 28 45 41
O R IR e i TR AR, 3 A RE b 5 A [ X
SR TG 3R B 0, HOF I E, APRIE SR 1 i
178

2.1 BRRRESHFMENSFRE

EINRBALIAA L, AL IGTS FNRBT AL
Ty ¥ I B o3 T L T F 2 il T A [ U I ) TR
NRG A B8 JE o RO ), PR e HE A J N R
it AR Iy )8 T T o 53 BT AT RGRIENR Y R fi
FEE o PR T 525 BRG] X NRBTEAL B
VIR TR B R B I AR, SOOI
5580 s NR#AL B Hh BUIL 2 ) & AL ARG L4
AT 5 1 35

1 1 1
0 10 20 30 40 50 60 70 80

BRI /5
Bl £250 5k IR 59 B 18) X NRER 4L AL # iA BL
BRES HE R0
M TRT T 52 505 B A 5 (8] £E0 ~ 30 s [l
P, NRELA A 3 10 i it o B LT AN A A2 Ak
Ui W BRG] 7E30 s P, NRARL A6 5 B3 7 =1 g 28 41
RS AT A A T I 1 BT B i LA L it 52 15
P, W BT 5 Zr B 7R 0. 0526 7, 3 T Bt fh T
B B TEAGUIE P R e A BT B4 A B 790 it T R R
SE RS I R T30 s)m , NRAE AL A 1 5 o dt
OrBOB GO, B R RSB T 5 SR AL IR AT 80
SH, 7 e ot 2t 43 BGA 100, 637 4, XS H T AE 2850
Ol SRS I R T A i A A W i S BRI U 201 o
R,
KR T 5 AP GRS I E] X NR &AL 7



%10

TMOMRAEE . R BE 58 AN ik DR SR AR BT A M P E 5 583

1 25N R G R E) X NRER L B #A B
X5 FREFMPDIER N

FRGTHT ) /s M, PDIfH
60 19 291 3.96
70 14222 3.17
80 6 692 2.76

JRE AR X 43F I i AP DL ) 5%

ZEA BT ENVRIZR LRI, Bl 4 5% S0 't B4
[i) P SEE 4, NRAE A e 493 37 S A X 43— o e AT
K, 5 H560 sHH LL, BRETR0 sHY NRAUT fb e 43 i 1
AH X231 B 192 91F% 26 692, PDI{H M.3. 96
K22, 76, B 2L RGBS R A ZE S, /N7y
T I G R, A B A 4 A Y
5o X ULHITE 2 A6 BT NRER AL BB AN W7 & A
T % S N, S BCHAE X 3 B R R /N
VRN DT 5 2, 2% 5 G Joe et 3 50 i S5 s () A28 4K T
R F R
2.2 BRSFLEN

Xif 5 A0 O BT 70 s ONRBR AL 15 b 18 e 47
'H-NMRE ST, 25 R anE 2 7R o

5

il

s 7 6 s 4 3 2 1 0
R
B2 NRELE BB H-NMRIE
N2 DL 585 BREGT70 )5 NRET AL
WU AL 451 7% (6) T %o o 1) W Wi e, 9 =5. 24b
HC=C—HM AW W IE;0=1.25~2. 140y FI K&
TP FF 2 1) S W S e, 3 1 NR 1Y 2 224544, TE
NRAGLACI A 2808 220 BRI PR e T R A o8
35 0=3. TAb W W T BB A AL B R T L
TR, W Ty RO IR e 5, DXLt ] DAHE BTN R B
PRI #2852 58 A O BR AR S AT g 1 B T e L, AT 0
TEESMCIRINRE AL I i R H RS S T 65
AL 2L, S BOR X 73 T B T R 0=17. 264
W WSO Sy 5 311) ) AR R 254 o

2.3 F#EH

FTIRGE A] LA ZRAE 58 40 50 B 5 7 IRNR B AL
Jie 2 1 L A AR AL . PRI37R HY TR A1 R S e ]
X RNRAE AL S F TTR G (4 5 0

o 1 | I
4000 3000 2 000 1000 0
P/ em!

RSN E] /5 : —05—405—100;—140;—180;—200,
B3 2505t BRET R B X R NRER L BRF TIRIE B 54 1

MEBA LU Y, 5ok 2 R A 6 GG Aotk
NRGLACE A L, 224N EFT40, 100F1140 sfy Frtk
NRELIEFER42 em '3 F AL B (=C—H) T4k,
X I W R S i 6] 720~ 100 s8 Bl P & A2 T o
B W EE, BARBE 5 C—CRIC—SEEA L, S—S
SRR /N, R TR AT B o U S U, R I
T 52 A BRI R I B kAR R AR R
NR™“ A [ i3, RS 5 kAW BT .
LN B ST40, 100F1140 sAY AOIRNR BT AL 1 H 3
T—OH (3 435 cm™) .C=0(1 738 cm ") FIC—O
(1 166 em ') 343 A1, UE B 28 405 HE S 2o A v 41
25T A WisE N, I BT & AL H .

EAFE R, 58S 100 si FIRNR
TRACHC AR L, 224G R ST 140 By A IRNRER AL L 75
3 435 cm Kb SR TR B, 048 A% B 5T 180
200 si A RNRBL AL IS 7E842 em '4b () =C—H
I P B, T3 435F01 166 cm AL 2% , %
W —OHMC—OIE A %, {H1 738 cm '4b B 177
e, RUIC=0HH - . W dLHEml, 28 4h % UG
A 1 B TE SR A G BE SR T Ak gk e AR A, Sfl R
AR —OH & A Ji 82 O )i T 2k A Sy =C—HIE
WH B
2.4 AKNRELRFREFEKME

JPRNRABL AR s 2 1 6 A & A A8 Ak, W) 3 1
FARKPES KA AR AR Ak, PR I X 58 A1 ' BR S J 1




584 %

L

20164F5563 %

FiORNRB A HEA T S AR 1, 25 5 L3R T 5 7K
PESLIA A2 Ak, 25 BRI 4 BT 7R

110

100

90

80

Hefl /)

70

60

50 1 1 1 1 1
0 30 60 90 120 150 180

BRI /s
B4 BREE A O NRFL A R E A B B0

MNTE4TT AT, 58 A0 BRI S [A] 720 ~ 100 s31 [F]
P, Bt 5 S s T ) SE K 32 ik AS TR /)N, R
B[] A8 100 sJiF , 42 il £ B 2 FECSRE A ] %) 228 4 i
$ R, AT LIRS TRLE 100 s, 25 4803 [T 0
AN, FEONRER I E KRB =, 10 RS b ]
11100 sf& , 2 Uk A A0 F0/N A 2R 1 2R 7K
PR 3Kt 38 43 TE B AE 55 A IR S (G 1B
B AR S5 RN IR S AR K, 52
B B H 2 40 A Ak 2 T A T ol A 4 I 43 B
Wl /N PRI e 3 T o A B R
2.5 FRNRBEURRETERENH

LM HR G A FR) S A BRNR A A Jie 3 1 6 K
St ER S e L 1B S R

0.94 0.25

092F °

0.90
# (.88 &
IE 0.86 I
i i
M 0.84 o
e =

0.82 Iy
B W

0.80

0.78

0.76 | | | | 0

0 40 80 120 160 200

BAS I /s
ES5 5N RERETEEX BRNREL R RETE
RE 5 B
MNP S ] R : Bl A 58 01 RS B () 1 S,
FRNRA A fise 25 T e 76 2 o i 40 5050/ N 38 K
1E FE ST BT 18] 80~ 100 sFfFUT 345 ) F /IR 1H ; A IRNR

B A e 3 T 40 5 6 0 RS 1 KR s, 7E TR
SRR 80~ 100 sPff T ik B e =l XM A —T
T IE BH T 7F 28 A BE S B9 58 1 B & AR T B R B
Wigd, S8R RE AR I T S KO X s/ T 4R
JEF A B K IE RS 5 T AL R B i
T2, B 5 0 T S AU Bt S FTIR 3 245
FEXF R, 3 TE B T 78 58 ARG RRSF  3E 2B B, 7
AIE KA T ARk, S BURE T B, Bk
JF o A5t A B X RS R

3 g

(1) /3 BB £ AME R 7 J At 1] P DR B4 i NR A
AR IE 56 e 52 5 i 55 O S s ) ) 0B T 385 K, (HL %5
JIE R XoF 4 S5 ot 2 RS s T ) B K T /S,
ST R,

(2) LA ANREL AL B 55 1R BErp /A
232 5NRI AL EE , {4 b & A o U
VA, S SR i = 0 1 2 7K D R 40D 7 I 0 40
HK.

(3) B 5 25 A1l REF IS ) 4 2 4, NRB A e
ek ik 2 18 1Y B SRU IR AT A SR A AR T b 8 R 2B I
N, (75 EUBE A N, SRR TR, AR T
[ AT ECT

S

[1] Mousumi De Sarkar, Mukunda P G, Prajna P De, et al. Degradation
of Hydrogenated Styrene-Butadiene Rubber at High Temperature[J].
Rubber Chemistry and Technology, 1997,70 (5) :855-871.

[2] Chen F Z,Qian J L. Studies on the Thermal Degradation of cis—1,
4-Polyisoprene[J]. Fuel,2002,81 (16) :2071-2077.

[3] Shin Sato, Yasunori Ohashi, Masaaki Kojima, et al. Degradation of
Sulfide Linkages between Isoprenes by Lipid Peroxidation Catalyzed
by Manganese Peroxidase[J]. Chemosphere, 2009 (77) : 798-804.

[4] Susanta Mitra, Afshin Ghanbari-Siahkali, Peter Kingshott, et

=

al. Chemical Degradation of Crosslinked Ethylene-Propylene-Diene
Rubber in an Acidic Environment. Part Il . Effect on Accelerated
Sulphur Crosslinks[J]. Polymer Degradation and Stability, 2006,(91):
69-80.

[5

[

Shinzo Yamashita, Shin’ ichi Kato, Nariyoshi Kawabata.
Reclamation of Vulcanized Rubbers by Chemical Degradation. VI .
Absorption of Oxygen and Degradation of cis—1, 4-Polyisoprene by
Phenylhydrazine-Iron (Il ) Chloride System[J]. Journal of Applied
Polymer Science, 1978 (22) :353-360.

[6] Yao C, Zhao S H, Wang Y Q, et al. Microbial Desulfurization



%10

TMOMRAEE . R BE 58 AN ik DR SR AR BT A M P E 5 585

of Waste Latex Rubber with Alicyclobacillus Sp[J]. Polymer
Degradation and Stability,2013,98 (9) :1724-1730.

=
=

Akio Tsuchii, Tomoo Suzuki, Kiyoshi Takeda. Microbial Degradation
of Natural Rubber Vulcanizates[J]. Applied and Environmental
Microbiology, 1985,50 (4) :965-970.

[8] Ram Vinod Roy, Mithu Das, Rintu Banerjee, et al. Comparative
Studies on Rubber Biodegradation through Solid-State and
Submerged Fermentation[J]. Process Biochemistry, 2006 (41) : 181-
186.

[9

[t}

Yun J, Yashin V V,Isayev A 1. Ultrasonic Devulcanization of Carbon

Black-Filled Ethylene Propylene Diene Monomer Rubber[J]. Journal

of Applied Polymer Science,2004 (91) : 1646-1656.

[10] Sun X M, Avraam I Isayev. Ultrasound Devulcanization:
Comparison of Synthetic Isoprene and Natural Rubbers[J]. Journal
of Materials Science, 2007 (42) : 7520-7529.

[11] Jiang K, ShiJ W, Ge Y'Y, et al. Complete Devulcanization of
Sulfur-Cured Butyl Rubber by Using Supercritical Carbon Dioxide
[J]. Journal of Applied Polymer Science,2013 (127) :2397-2406.

[12] Jaimon K Kurian, Peethambaran N R, Mary K C, et al. Effect of

Vulcanization Systems and Antioxidants on Discoloration and
Degradation of Natural Rubber Latex Thread under UV Radiation[J].
Journal of Applied Polymer Science, 2000 (78) :304-310.

[13] Dos Santos K A M, Suarez P A Z,Rubim J C. Photo-Degradation of
Synthetic and Natural Polyisoprenes at Specific UV Radiations[J].
Polymer Degradation and Stability , 2005 (90) :34-43.

[14] Imakoma T, Suzuki Y, Fujii O, et al. Degradation of Silicone
Rubber Housing by Ultraviolet Radiation[J]. Proceedings of the
4th International Conference on Properties and Applications of
Dielectric Materials, 1994 (5211) :306-308.

[15] Bok-Hee Youn, Chang-Su Huh. Surface Degradation of HTV
Silicone Rubber and EPDM Used for Outdoor Insulators Under
Accelerated Ultraviolet Weathering Condition[J]. IEEE Transactions
on Dielectrics and Electrical Insulation, 2005, 12 (5) : 1015-1024.

[16] Sandra R Scagliusi, Elisabeth C L, Cardoso Ademar B Lugao.
Radiation-Induced Degradation of Butyl Rubber Vulcanized by
Three Different Crosslinking Systems [J]. Radiation Physics and
Chemistry,2012 (81) :991-994.

R HH:2016-04-26

Study on Degradation of NR Vulcanizate by High Energy Ultraviolet Light

DING Linlin,SHI Jinwei, LU Xiyao,ZHANG Liqun
(Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: The degradation process of NR vulcanizate was studied by using high energy ultraviolet light
(UV) reaction vessel,and the degradation degree of NR vulcanizate, the molecular structure of sol and the UV
degradation mechanism of NR vulcanizate were investigated. The results showed that, NR vulcanizate was
degraded quickly under the irradiation of high energy UV ,as the exposure time prolonged, sol mass fraction
increased, and sol molecular weight decreased. During the UV irradiation process, oxygen was involved
in the UV degradation process of NR vulcanizate, the main chain of the NR vulcanizate was broken, the
degradation products contained oxygen groups,and the hydrophilic property increased. With further exposure,
the oxygen-containing groups in degradation products reacted with other groups under UV irradiation, the
content of oxygen groups was reduced, and hydrophilic property decreased.

Key words:ultraviolet light degradation; NR vulcanizate ; degradation mechanism;sol
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