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Tab. 1 Sol content, crosslinking density and desulfurization rate of RRs with different amounts of PAPL added

Add quantity/phr 0 2 3 4
Sol content 0.12393 0.13102 0.1513 0.1870 0.1757
Crosslinking density 11.4769 10.8596 9.40701 8.0667 7.9638
Desulfurization rate 0.72159 0.73656 0.7718 0.80431 0.80681

Tab. 2 Mechanical properties of revulcanized rubber with different amounts of PAPL added

Add quantity/phr 0 1 2 3 4
Tensile strength/MPa 13.47+0.37 13.51+0.3 14.30+0.13 15.60+0.17 14.59+0.13
Elongation at break/% 289.59+3.53 299.42+2.86 308.53+2.28 325.46+2.12 312.16+1.81

Ry—N—C—0—R, + HO—R;—OH —=— R,—N—C—0—R;—OH + R,—OH

Carbamate group cleavage participates in the reaction

Ry—N—C—N—R, + HO—R;—OH —==— R,—N—C—0—R;—OH + R,—NH

Urea based cleavage participates in the reaction

Fig. 6 Mechanism of alcoholysis reaction

AE IR FE AT e L A7 (L B2 , PAPL H (& JE 7] LA 57
Fk H 25 G, B B B R E 4, R PAPL ¥R
TR PR3 0 R DA It B AN B 1 E 2R A IR 1) LA
VB AT 2 o JE A e 8, e v 2 VA AR 1 i, BRI
TR JE . HAE Y PAPL Y8 I 3G i1 2 4 phriF, RRs
(¥ e & Bl A R %, IX AT B2 H T BB RRs HR &4
FES B VAN, 55 R RS e Wi e 1) g A R R O
e s, FEUA RS 2 HIL N EES.

222 775 MERE AR 180 °C AN RIS N & (1) PAPL Jit
i () RRs B A0 45 S 1) 77 % 1 B8 40 Tab.2 fizm o A
Tab.2 H 0] %1, 56 PAPL ¥ 0 & 134 10, RRs B AL A% i
(18 A 5 B R B 2R e K 6 e B R 4 o, 3K T g 2 A
JNPAPL IR IE I, S & 2 w7 HY
JIEAG R W 1 vty J2S R 3R 2 TRl ) 4 A, BEAS T R AR
WA 5 B AR BRI S . SR1M , 4 PAPL (¥R N &
BN E 4 phr i}, RRs 1 h7 A8 58 5 AT R A K 3208 A
TR X AIRERZ H T, BEAE PAPL B934 11, RRs 52
WA FESG I B — e, S 80U TR R R .
LR FE E 180 °CIF N 3 phr B A R 2 W 15
AR B B SR A TERE .

2.3 RGRRBENE
231 R ABGEALE MBI AL 2 0l R ERE
Bk A AT e 0 S SEATLFR A0 Fig.6 T, 2 3k F R lis
5k D0 R ik 1] 2 R S Mo AR P 1) TR It AT, 7
Pt FOHE AL TR L VR AT, 58 e i 26 R T
T 2L, ol e ) e AR R B 2 T R R S A IR
WEW, MG IR CO,e FFH., 17
MR s 5 RN ERLEZ B2 RETZE
Fll IRE, 3 B ) e 2 A B AR 7R B LT JR 5 e
P RGN 22 0

R, Kim & P00 5 S0 1 B R 20 2 1 — Fob
BNLEL, 40 Fig.7 s . AT & 8 1,2-T8 =
B = H A I e S5 A () e A7) %o SR RV R
R E BN IEAT T BEAR , JE X B A = rp = 2R
M SARTEAT T ARG 28T, K ISR R 7 B A i
227 A2 COL I AH S, it LA AT DA Sy 5 S T 1 o o
WG IKIBIFEF=E CO,o LRI G , IR 2 1E
BEARFIVE T S DR R Wy R A G AN 22 ol . T A
FEY B AF— B S, BRI AR T
JR R ) % U RE AN BRI, T B S A



R;—N——0—R, + HO—R;—OH —=— R,—N—C—0—R;—OH + R,—OH

Carbamate group cleavage participates in the reaction

R;—N—C—0—R; —OH —==— R;—N—R3;—OH + CO,

Carbon dioxide generated during heating

R,—N—C—N—R, + HO—R; —OH —==— R,—N—C—0—R;—OH + R,—NH,

Urea based cleavage participates in the reaction

Fig. 7 Mechanism of alcoholysis reaction

IR R EE PRI SR 5

5000 s

4000
= 3000
=

2000

1000

PAP-80 PAPU-130 PAPL-130 PAPU-180 PAPL-180

Fig. 8 Number average molecular weight (,) of PAPL

AT H A R R B SR S RV A 2 AR R 4T
J 5533 2R 3000 T 174 1 5 ik 22 0 I A S R 1 |
%M. Fig8 /" T PAPsHIMfH. AILLEH, N2
FE ) MABAR T EE7E S M AE . 1% — 25 RAIESE
REfR =) LR R S A B2 2GR, FE YT

o N3
\//\\n.rv\.
Mechamcal force

SX Reclalm additives

L

AN
e \ry’\/
(0]

Sl

THBEZMZ . A, AR I M TR
fik 22 TR 1) ML, R AR AR 7 e A e 4. BRIk,
— B R R ] DA T A — 4 Tk

232 PAPLYMEABREFGHEK AN FH LML
Fig.9 7~ 1 {81 H PAPL 1F 4 F5 A4 5538 i LTMD % [
WS HINLEE . LTER WA 326t 1 29 B 8Y 1) 77, L
BB DIAE FH 7777 DLz A R0 T 240 A0SR 11 10 2 4k
C—C, C—S FIl S—S f 2 [a] (1) G A 55 14 55 0 114 i
J¥#& C—C>C—S > S-S, 7ELTMD 77k, il i&
4 ST 1) 77 S AR R 8], m] SRR R B
ERAZ P AR AR . TEAH R LR ET U] 1 ,
fie A P 5 BB ) C—S F1 S—S B bt C—C # L
AT P28, I A Z . 455, C—S I S—S
BRI LR T C—C B A I bR, S2 Bl T k%
AT 5

W\r\/\m+w\])\~/\\,w\

(I)
“""'\TJ\/\.W + W\/’\N)]\x/\w. S S,

LUVON

\T/ RN

"’"‘-\\/.\' YN N PP

0

N A
S, .

(1)

a
|
HN A
B i X0 1
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kinetics of an EPDM devulcanization in an internal batch mixer

Mechanochemical Reclamation of Waste Rubber with Alcoholysis Product of
Waste Polyurethane Foam as Devulcanizing Agent

Gongxu Liu, Lichen Bai, Shouyun Guo, Hailin Chai, Xingao Jian, Jinyang Zhao, Kexin Liu, Lei Guo, Haichao Liu
(College of Electromechanical Engineering, Qingdao University of Science & Technology,
Qingdao 266061, China)

ABSTRACT: In recent years, the production of waste polyurethane and waste rubber has been on rise, and their
resourceful recycling has become a research hotspot. In this paper, propylene glycol was used as alcohololytic
agent to decompose polyurethane foam at different temperatures and polyurethane alcohololysis products were
used as devulcanizing agent to realize the mechano- chemical reclamation of waste rubber. The polyurethane
alcoholysis product at the lower layer (PAPL) contains more amine groups, which can combine with the free
radicals generated during the rubber reclamation process to enhance the degree of devulcanization of rubber, thus
improving the mechanical properties of the reclaimed rubbers (RRs). Compared with RRs filled with the activator
only, the addition of PAPL can shorten the optimal vulcanization time of RRs and increase the crosslink density.
The best overall performance of the vulcanized RRs is achieved using PAPL prepared at 180 °C, with the tensile
strength of 15.6 MPa and elongation at break of 325.5%. The method realizes the dual high-value recycling of
waste polyurethane and waste rubber and shows promising prospects. This article provided a practical and feasible
method for the dual high value utilization of waste polyurethane and rubber, and provided a new approach for the
reuse of waste polyurethane products through chemical recovery.

Keywords: polyurethane alcoholysis; waste rubber recycling; devulcanizing agent; high-value recycling



