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Abstract

One of the most concernative challenges of the current century is
the disposal of waste tires; recycling them by devulcanization can be
a solution to environmental problems. To find the relationship between
the screw configuration and the properties of the samples, some new
elements with different angles and shears were designed, and installed on
the extruder. Then, 15 rubber samples were devulcanized by the extruder
and Physical-mechanical tests were performed on them. To determine
what process conditions will cause favorable mechanical properties in
samples. During the tests, it was determined that temperature will be
the most influential parameter in the devulcanization process. It was
found that the highest percentage of devulcanization occurs at lower
temperatures and medium and high shear rates. In this condition,

Received: 13 January 2023
Accepted: 12 May 2023
Page Number: 137-154

Keywords:

Block Copolymer,
Screw Configuration,
Devulcanization,

the weight fraction of sol will be at its maximum value, which increases Extruder,

the processability of the samples. While increasing the temperature and Mechanical Properties,
decreasing the cutting rate cause a negative effect on the process. Among Worn Tires,

the investigated properties; the changes in abrasion and resilience were Shear Rate

independent of screw configuration.
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Figure 2. The right one is an example of the designed elements /
the left one is the main element of the device.
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Figure 1. The view of the extruder in the devulcanizing process.

aigos Lo ¥-Y
5 b S 5l Sglite slaacs,s L Laasses 5l plaS o
g Lag | 51 (B Bl G 0l aigd (3l ¢ b ool oWl o>1,b Y-Y
Sl aaS gl oliixe Koo a5 bg, b gillae FTIR 905
oasie [VA-Y Y oSl S solinal o 51 (S sladiges plo

03,51 L3l (Bymo Cgr (1) Jgaz o abgye polie 5 ond

b 39St sl azy0 A 970 bl b gaa el
s S 5 S5 45 wigF las i o olKs (53, 5

Cwloadls

o=l (6,8 00b (e adex ) sanl B slaaasive plo ow)p

Dalazs 5 ks o1, Ll

{(FTIR b 3 a..uia...uay) Lads ga3 (sl 3l s yu S 5. Jgua

Table 1. The composition percentage of the sample’s components (obtained from the FTIR spectrum).

Component St Bu Bd1,4 Vinyl Cis Trans
(mass %) (mass %) (mol %) (mol %) (mol %) (mol %)
SBR 78.74 21.2 82.2 20.8 19.7 59.5
NR/SBR 79.8 20.2 82.04 19.3 19.5 61.2
2 74.4 26.6 88.1 16.9 30.4 52.7
3 75.36 24.64 89.3 15.7 325 51.8
5 68.6 314 87.3 17.7 29.5 52.8
6 66.6 334 88.1 15.99 28.21 55.8
8 74.2 25.8 85.4 18.6 321 49.3
10 67.7 323 89.1 15.1 29.1 55.8
12 23.61 23.64 82.4 22.6 29.6 47.8
14 72.2 27.8 88.2 16.8 27.4 55.8
15 72.6 27.4 87.4 17.6 30.3 52.1
12 23.61 23.64 82.4 22.6 29.6 47.8

(\&-Y) aumg o 9 Su0 0 ylouh - PRty Jlw — sl oal (e diee A puiss



—

e SwilS0 — (SO s HoleS L o9 pnST auile il bLS I

VWY-1OF L jao— o) g Slo

Sz iy (Sl ols s 1 4 (S 1 See
L s ASTM D1054 s Jluibul Ly gllas woel 5,6 oYL]
Gy Lol Sl 8 oS o sl Tripsometer Dunlop olSiws
Ol ;i dgl5 0y 050 co Sl (V) dlal, 51 T ss o 0]

Y
Y5 Flinsl a5 dgl5 By 5 (a0 F0) ol Jpail

_1-cosé,

R (%) 1-cosé,
1

™

YRR
oLzl ASTM D 5963 o il 3k iyl Cnglite ieim
lomm 9 o Ladiged (559 Dol ol | b 20 y0 238

Nl Comday adel y5g a4 il

SoLy-f-v

oS jloslicially s ASTM D 624 s laibiwl ool s (54 03]

A ol Sl Sl £ YO Jae g ]

S A-F-¥
YY°C slos ;o ASTMI505D o, luibiul Lol boaigas JIS>

Lawlodwe! Cawodds

Jo (P39 S 3 0598 Ol A-F-Y
s pLod ASTM D+ Y-FAVE o il llas o5 (siules]

25,5 e (1) dlal, ololys 5 o553 GialosT sloslizally lgi oo

Sol weight fraction = 212 4100
Wi )

il plosl 51 ol abisges ()35 cud i Wo g W alaf,y cpl o

ol Gl 59 A SESg 055 Gialesl plesl jlan 5 055

Plgs S (gl (Silfo - (S5 5ud slagyg05] F-¥
Sl V- F-Y
ASTM D412 o lasliwl Ly gillas ladiges oS plem> o)y

28,5 plel £4 YD Jaw Instron g il olSiws b g

PR R
0)‘..\.:L¢.M:| 3.3‘[; » 9 Zwick G,.M;‘S’Z?LMJ olKiwo L\ ‘54..7(....\ o
& plil ASTM D2240-02

S90S Y-F-¥
5 ASTM D1646 s lubiul Gl s S 85 ol (59,0, =5

O3l opl yo b s ZWICK FY'0 4 e gSun g oSiws SoS'a

A g pSoslailaz o Ve e °C sles jo Sge (55,00,

ey F-F-Y
arbsye slaaasie bl g ojeel Coy 8525 oy sl
Wi ploil ASTM D2084 o jlasliwl Ly 3ollas 548 Oyoﬂ oy
eS|y (Atorque) ol dieS 5 diuin OS5 LuilSUgly

3

&obad lle O-F-Y

903 ol il ssle S SlactsS oyl S5ko (s Lid Sl
loles jo celw YY Gaeds g ASTM D395 o lailil b sillae
L85 Byso Ve °C g e

1l oe Cewday 3 Joge 8 b baaiges s Lad bl

Compression set = ti;tfxloo

i tn (\ )

5 igad olgd Cali b sl Calies by Jsass ol o 4

Iranian Chemical Engineering Journal - Vol. 23 - No. 133 (2024)



ouilslgly (sladigas (59,58 398 slagiule)l glis ¥ Jgaa

Table 2. The results of the tests on the devulcanized samples.

s s | 2 : £ 5 S % 5

£ |2 g S 5 g g

g e |2 g 8 2 2

A < |5 | €8 | 3

& a w 72
1 1 230 30 5 26.35 30.3 75.75 345.65
2 1 210 30 10 13.09 36.6 81.81 362.58
3 1 190 30 5 29.17 30.9 85.48 412.71
4 1 210 30 30 26.4 79.39 376.27
5 0 190 30 28.23 26.6 88.6 460.19
6 0 210 30 13.18 32.8 76.73 337.32
7 0 210 30 10 18.56 335 79.09 364.41
8 0 230 30 0 50.96 265 55 275.82
9 0 190 30 10 31.16 30.4 83.71 3735
10 1 190 30 34.39 26.9 85 415.94
11 0 210 30 5 8.7 345 714 289.81
12 0 230 30 10 6.62 30.1 59.2 269.23
13 1 210 30 26.39 30.1 77 345.03
14 0 210 30 19.57 34 86.57 417.45
15 1 210 30 205 28.7 67.15 308.13
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Figure 3. Changes in the sol fraction as a function of temperature and screw configuration.
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Figure 4. Procedure for changes in the sol fraction with temperature and screw configuration at 210°C.
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Figure S. Changes in sol fraction with relative changes in crosslink density.
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Table 3. Test results of recured samples.
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Figure 8. Changes of compression set with temperature and devulcanizing agent, for medium shear rate.
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Figure 10. Changes of compression set with screw configuration and devulcanizing agent at 210°C.
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Figure 11. Changes of tensile strength with temperature and devulcanizing agent at medium shear rate.
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Figure 12. Changes of tensile strength with temperature and screw configuration (10 wt.% of DA).
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Figure 13. Changes of tensile strength with devulcanizing agent and screw configuration at 230°C.
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Figure 14. Changes of elongation with temperature and devulcanizing agent at medium shear rate.
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Figure 15. Changes of elongation with temperature and screw configuration.
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Figure 16. Changes of elongation with devulcanizing agent and screw configuration 210°C.
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Figure 17. Changes of hardness with temperature and devulcanizing agent at medium shear rate.
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Figure 18. Changes of hardness with temperature and screw configuration.

10 0000 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Iranian Chemical Engineering Journal - Vol. 23 - No. 133 (2024)



—~

eS8 — S jud olgS b g ST o bo Gialy1 bLs)

Hardnoess
(shore A)

YWY-1OF e — o) on g Slo

XYoC jujuibec slea b iiIST gl g Jole g geaajlo (sl T L (Sde ool jaads N4 Jsud

Figure 19. Changes of hardness with devulcanizing agent and screw configuration 230°C.
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Figure 20. Changes of resilience with temperature and devulcanizing agent at low shear rate.

Resilience (%)

Qlilst gl g Jole O W% of yands geas jle il )T g Loa L (Suiga &l jaads Y Sk

Figure 21. Changes of resilience with temperature and screw configuration (5% wt. DA).
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Figure 22. Changes of resilience with screw configuration and devulcanizing agent at 210°C.
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Figure 23. Changes of abrasion with temperature and devulcanizing agent at medium shear rate.
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Figure 24. Changes of abrasion with temperature and screw configuration (10 wt.% DA).
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Figure 25. Changes of abrasion with screw configuration and devulcanizing agent at 210°C.
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Figure 26. Comparison chart of mechanical properties of samples with error bars.
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Figure 26. Comparison chart of mechanical properties of samples with error bars.
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