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Figure 1 (a) Hewvea brasiliensis tree in Xishuangbanna, Yunnan province;

(b) Schematic view of the latex at the mesoscale™®
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Figure 2 Structural schematic with multi-scale and multi-level of NR
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Table 1 The most abundant lipids in natural rubber latex

Lipid class

Clone (Lii)iﬂjs) PL (wt% PC PI PE GL(wt% MGDG DGDG NL(wt% TG  Sterols Ty Ref.
e of lipids) (% of phospholipids)  of lipids) (% of glycolipids) of lipids) (% of neutral lipids)

RRIM 501 1. 64 14 58 21 21 32 63 7 54 63 4.5 3 [40]
PB 235 1.41 19 55 4 1 21 =43 8 60 — 32 6 [41]
RRIM 600 1. 54 26 62 4 3 25 =>43 8 49 - 71 9 [41]
BPM 24 1. 41 23 55 5 1 23 =43 8 54 - 49 12 [41]
PB 235 1. 57 14 - — — 18 — - 68 — — — [42]
RRIM 600 1.79 21 - - - 24 — - 55 — — — [42]
PR 107 1. 65 14.2 60 21 21 33 60 — 53 60 - - [42]
Unknown - 85 80 13 6 15 12 1 - - - - [39]

Legend: PL: phospholipids; GL: glycolipids; NL: neutral lipids.
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Figure 3 (a) The molecular structural formal of NR in the past; (b) Stress-strain curves of NR and IR

1E 2 NATTAR R 30 5 IR E 18 T 214 RE & R 1) A IS i B (R MR EE L Green strength) FLR SR 435 AH
2, WK 3(b) o TFER AATIA D9 3 I A7 AR 6 ni S NGB 1) S7 P AL 8 B8 AN 408 o S 3R L I R R B TS 18
i B2 8 S OARE 114 v M Sy 8 B L AN e Al ok 5 R SR AR e S RL Ay e 1 B G 5 B0 T =2 S 1 A T K
SEVE 5 A B A S RS HE R R LA SN AR S R A SRR . e Ah . B ZE 80 AEAR IR R W2 i o BE R AL L
SRR Dl 1 A BN T AT T A3 3 1 SRR S R0 F T 22 (R RG A Ak 25 40070 L AT A L3 R AR
B 53 T 45 A0 AR FHE -1, 4-F 3 I e AR E A B8 & — S8 5 R A Ba 9K 40 Ak 4544
Ve AR | EE 15T A IR IR 2 R R S B 4 A, O AR SURE LB B A S I BEOE I B 1 I 4 R AR AR A
H TR FR SR ASEE M . TE Rk Se g Al b 0 25 e BT S RS 5 R ARG EL R0 g 2 1 B 22 5+

0T TR RAT AN 24 BE AT 7 IR A A SO B 5T . 07 SRR LT T 00 R SR AR R R A A5
#10 , Sakdapipanich %5 Hl Liao %5 ) F B 77 49058 A 1 L 7 S B8 58 T AR S L B 4R IR
SRR o A2, 33X i AR KL - AP B AR I AL oy 2 5 R SRR BB R A 45 A B iy o FR AR A HOWL
Audley" ™ FI Cornish™" % M ARSI AL K ARG AT K BUARIE 0 & UT5 B RTR Y i 51 & BLE I RR 5 4y
THEK A 5 I R AR I P 2 T 4549 . Tanaka "™ Fl Kawahara' ™" 25 % B B3 A e 40 43 19 K 8%
PGS AT A VAT 53 A R I 468 45 18 22 5000 W LA MRS Wl K SRAGUBE I 2 PR 235 K TR0 28 45 4], 432 T R AR SO 422 IR
AE e 4 3 1 53 AR A 3 R T R SRAR B 1) o e 45 4] e 1k 45 ) % o) 24 SR AR A8 Al Al A A VR T
2.2.1 HEABKEMN— (-5 RIE) B 5 A KIRARIE A A= 45 i i = HY 4 9 ik £
PR TR 5| 2 S JM ik A WA R T O R 1), S 0 H AR AL 2 58 Tanaka ¢ — B B 46 79 51 & 31 B 6 44 0 w51 K S
FOULE 4 o KRR AW A st B2 QR - P RR S D R A Wl 1R I e 2 A i X S IR0 R A T 1 A AL
ERTT 5 0~3 DR F N MBI 3 A S 1R SR AR I A I A 9 Jo 2 4l A L e £ Wl R T L 1k JE 0

10. 14028/j. cnki. 1003-3726. 2022. 11. 004



.48 - A S R B 2022 4F 11 A

FEARWRIR TG AF o B 0 S U S 0 T B Tl X 6 AR ) BT 4 3 2 3000~ 5000 AN S M T
BTG T RARAGIE R A F-RE 5 H7L Jf EL o AT AR B AR K B o A s 262 Al 7 Jse A 00 T 7= 1
&> TR H-NMR A1 C-NMR 3% & b A I 2 T -5 K i B A1 K% HOS 9 a1, 4- 5 — 0
95 5 L 33 ) R E 5 T RARARUBE 4 F 254 TP AFTE -5 RS2

(a) (b) phospholipid

e (0]

|
\ (6] —II’ —0
0 1-2
0-3
N J o\ J N
Y Y

J
e

o-initial group trans-1,4-polyisoprene a-terminal group

B4 RORAG I Y vty SE 45 44
Figure 4 Molecular structural formula of end groups in NR: (a) w-initial group and trans-1.4-polyisoprene of

natural rubber and (b) a-initial group of natural rubber

{EL 2 88 TR A I R) P AT A B3 ok 25 43 B 3 A A 8% T H-NMIR R C-NMIR H2 A K T 31 K S8 43
FE R AY FHE 0 -5 Koo 5 FUR AN B0 20l -5 % S B M FE 77 — 5 T FEAR OB T o AR 4y
i iy i 2 55 G T A Tl v R TR IR R S A S AR BE A3 1 AZ AL B R L T RE 23 7 A I A T
AT AR 53— i AATTAE G R 1 0 K AR AR T G T 39 2 B 1) 21 A1 R AE I i 0 PR otk A TNk R
JARA ATREXT w-5 | & i BE HEAT 1 4 B B AL A A T A B Afii

$& B ST - Oouchi %7758 4+ 5 1k 900 MHz 4% % 345k 3 15, 6] R il DOXY 38 I #% 5 MWET
Bk IR AW AR 43 1 A5 5 0 FE MR AR I FL 09 7 T 45 b R I w-51 & o . X 10 B 2 1 B A Ak
PR -] KB ARE AR Z R AR BRI BUAR A R RE Sl AR D I E B S -5 K
B[R] A AS T 14 2 1 0 2 ) T G g 43 D) SR AR R A IR AR AR . Rolere! ™ A FI A AE 1
R 1A L B L% TR SR AR T R BE IR 8 53+ & BLRE 15 181 rh A7 7E R Y B ST R R K T B T 3R L i A A1)
NN L BUREE S 1 T 0 SR I o FHEAR I . A RE IS S # rB 8545 B T R 0 A 5 IORE O 8 A G, AR
P AFAER 2 0. 7% W/W HIEOCER & & IIZ IR IF AR 84y . Wa 25500 B SR R L OBL 6 Bt ALY 27 i
U LR B R ARG TP A AE AR M35 300 nm B A 1 5T SR AR A (H R Ud W A 1 J5 3R 4R AR O 1l i) BIL 38 e
S5BSr TR A TR,

R H AT BRI DS 65 K A A 7 T80 0 26 1 BT w51 K 3 4k 1 88 73X AT BT S B H R TE
A B W R ARAG IS P 28 S5 A FNPEBE B80T R TAE . oW b 8 BB S SOAk R e SR 2 e Y R
Lo A58 M 0 T4k B Ok 3R AR I 28 5 B 5 R WL b L B P JB SR A A A R R SEURL ) BT AR
FfR AR AR I N AR R B R FE RO Z 0 e . Nawamawa Ml Tanaka %1% g KRG % 22 B 4&
F BRI i 35 5 Ry 1 B R AR 45 SR R R AR AR B BRI 5 B N 580 FEAR & 1506, Bl ok 7
4.5X10° BERE 4. 0X10° X UE W T 2 FTO K IRAGIE 90 45 45 K 1 BTk . Fu 55 2o 3.0 AU A 2R
1 5 =X B 25 R ARAR B v i 2 1 BT e BB A A 11 5 A AT, R Ak R AR AR R 2 kS A 1 R 1 L
i B A RE AR i [ AIC
2.2.2 WERRMIVEH (a2 IR W) AU RARARE Y A R DL B2 S 30 — Wl 1R 1) S i, R i 1) XL 49
PR 5 VAL oy K fife A IS8 5 90 0 5 2 i AL P 9L v O 5 M 0T TR 2 0 — A0 4 5 A SN U7 R e A b i R g
JE N T R TR 0 T REMEAR R L 2 00 A B 5 AR R R BRI T AR T A FNE ST L -5 R IR AL,
AT AR AE I SRAR Jie v 6 0 80 AR 137 56 PR, B e A AT A 28 T TR A B S A B0 2 1 R SRR R Y H- L G-
Y P-NMR Ji% [&] 4G 00 21 7 B XU 1R 15 AT LA K B 1 A5 S . IR i B FEATIA S RARAR I Ay ¢

10. 14028/j. cnki. 1003-3726. 2022. 11. 004



11 = N ¥ W Eild « 49 .

1 A 3 e AT T b T A R T R R 1 S P L IR R . Tarachiwin 25857 B 5 1) FH ARG 107 G A0 W s it ok 5%
PR UIESE T BB S RIAR I 4 1 5% R oy 5 0 5 P 1 ol DUl 1 356 AT i 5 i 45 W G S A1, H AR k2%
% Tanaka B H 2 N o« Z 1R EE, WA 4(b),

RARAGIE T F2 BEAFAE DO W NG » L 53— 45 A6 AR 418 45 480 AR5 A0F 7T 43 o = A 350 43 « ol 198 5 DT B 1) 3k 35 (I
Pl 5, 21 €0 HE T 1R 130 ) o H IRl = i SO 1 B 4 (UL IR 5, e il €0 A 1A 1S 1) 350 ) LA 2 o I 7 i
T B 1 3 UL BT 5, o 2 (0 HE U AE 1 AR50 43D o AR Sk 38 o BBUAR 6 (RO WY AN [R) L BB AT 43 S LA 26
WHAREE A —H B N BERR R . B 5 A 1 i B FH B =2 ) mT 3 a4 - ) 0 B A e o A e 9 L W B o T
Hh ) S AR T A Ry U G R A 5 I T SRR IO F A R U G A2 AR 5 BRI A 38 mT L B RT3
PRt AT 1 RS2 AR5 BB AR T B AU L T SR RN 2 (A5 B 5 0 A U b 2 ) RO AR L i
SR ) AU B0y 1m0 Bl [ IS i s st A1 B 66 194 2 Ak A o A5 IR B 3 T AN R v o 000 B
M 1250 cm™ ' B E 1230 em v ey 2 BB R OIR 1738~1742 em ' 1 1724~1729 em ™ "™ 1y
AN G 22 1] ) R B A 5 W M A R 2 B IR T . Tarachiwin 255 % BB 11 K IRAG I B 21 SP 1 18] 5
PC bR UERE SR G, FE 1719,1219 F1 1240 em ' 4431 C = O 1 O—P—0O F M FRFAE S48 m 124
W/V B R ,C— O Wi AR, O—P—O 7E 1219 M1 1240 cm ' AbAYERAE S 2% . XU T -
2 1F A St A A7 E LA G5 1] BT A e R o 2

O

Polar head group

Tail O body [N ﬁ

4 /\< o Nox

—H PA /\ﬁH PE

3

N+ _ﬁHﬁOH\
B OH
g\ pC HO o2 PI

Bl 5 RIRBE R LA b 451
Figure 5 Chemical structural formula of main phospholipids in NR
Legend: the red box: polar head group of phospholipid; the blue box: three carbon glycerol backbone consist of

phospholipids’s body; the green box: fatty acid esters consist of phospholipids’s tail; the dotted line circle: substitutions.
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Figure 6 The linear molecular structure of NRM# !
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Figure 7 (a) Structure model of Rubber Particle; (b) Soild NR after aggregation of rubber particles;

(c) Aggregation structure model of supramolecular network in NR
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Table 2 A comparison of the abilities of NR and IR to SIC
T Strain temperature A at SIC Onset Maximal CI (%) el
(KD UnV-NR UnV-IR UnV-NR UnV-IR
0.01s ' 298 3 — 25 — [104]
0.007 s ! 298 ~2 none — — [105]
0.007 s ! 273 ~1.5 slight — — [105]
1 mm/min RT 1 none — — [106]
V-NR V-IR V-NR V-IR
0.0042 s~ ! RT 4.3 5.1 >12 <8 [98]
0.007 s ' 298 ~2 ~3 — - [105]
10 mm/min — 3.2 4.5 >15 <15 [107]

Legend: UnV-NR: Unvulcanized NR; UnV-IR: Un-vulcanized IR; V-NR: Vulcanized NR;

Stretching ratio at SIC onset; Maximal CI: Maximal crystallinity index; RT: Room temperature.

x3I RABRMFREREBHEEEALR
Table 3 A comparison of the abilities of NR and IR to rubber-metal adhension

V-IR: Vulcanized IR; A at SIC Onset:

Sample (IR:NR)

Adhesion property (N)

Metal Variation Application part Ref.
1 2 3 1 2 3
0:100 10:90 20:80 steel cord 733 730 700 decline bet cord [108]
0:100 10:90 — steel cord 1207 1195 — decline Inner Liner [109]
0:100 25:75 steel 770 757 — decline transition layer [110]
0:100 25:75 steel 831 811 — decline transition layer [110]
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Figure 8 The comparison between past and present molecular structure model of NR
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Effect of None Rubber Components on Relationship between
Structure and Performance of Natural Rubber

BAO Ke-xu', FU Rong-zhen', HAN Dong-li"*, LI Rui-yun’*, WU Yi-fan’, DONG Yi-yang",
LIU Jia-hui’, ZHANG Ji-chuan'*"
(1. Beijing Engineering Research Center of Advanced Elastomers, Beijing University of

Chemical Technology s Beijing 100029, China; 2. Engineering Research Center of Elastomer
Materials Energy Conservation and Resources of Ministry of Education, Beijing University of
Chemical Technology, Beijing 100029, China; 3. Chemical Industry Productivity Promotion

Center of China, Beijing 100723, China ; 4. College of Life Science and Technology s Beijing

University of Chemical Technology, Beijing 100029, China; 5. Analytical Instrumentation Center ,

College of Chemistry and Molecular Engineering s Peking University s Beijing 100871, China)

Abstract: Natural rubber (NR)includes about 3 wt% ~7 wt% none rubber components (NRCs). It is the NRCs that
have transferred the structure of NR from linear to supramolecular by the means of non-covalent interactions such as
hydrogen bonding. ionic bonding. The above unique structure has given irreplaceable properties such as strain induced
crystallization, modulus self-recovery after shearing and good adhesion to metal compared with Isoprene Rubber (IR).
Because of the above properties, NR has widely used in aviation tires, engineering tires, tank roadwheels, air springs and
other extreme service conditions. In this article, we make a systematic and comprehensive summary of this field based on
effects of NRCs on relationship between supramolecular structure and performance of NR. The species, content and
methods for determining content of NRCs have firstly introduced; three aspects are discussed in more detail: the structure
of modified end groups of polymer, the mechanism for supramolecular structure and the relationship between the structure
and performance. Meanwhile, the future direction of development is discussed as well.

Key words: Natural rubber; None rubber components; Protein; Phospholipid; Supramolecular network aggregation structure
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