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Abstract: Ammonia preservation and acid solidification are key steps in natural rubber (NR) processing, but there is still
a lack of systematic research on the influence on the structure and properties of NR. In this paper, the same batch of
fresh latex was treated with 0%, 0.05%, 0.20% ammonia and two solidification methods (acid solidification, biological
solidification) to prepare samples. The effects of ammonia preservation and acid solidification on the structure and
properties of NR were comprehensively evaluated from the aspects of molecular structure, composition, intrinsic
properties, and the mechanical performance of both unfilled and carbon-black-filled vulcanizates. It was found that
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ammonia preservation led to a decrease in weight-average molecular weigh, the initial plastic value and Mooney
viscosity of the acid-solidified samples, whereas the properties remained largely unaffected in biologically solidified
counterparts. The addition of ammonia exerted minimal influence on the mechanical properties of unfilled vulcanizates,
but significant effects emerged in carbon-black-filled systems. Acid-solidified samples demonstrated higher fatigue
temperature rise, while biologically solidified samples showed decreased tensile stress and tear strength. The
solidification mode profoundly impacted the molecular structure, chemical composition, intrinsic properties, and
mechanical performance of NR. Compared to biological solidification, acid-solidified rubber exhibits higher nitrogen,
free fatty acid content and weight-average molecular weight. Furthermore, acid-solidified samples displayed lower
initial plasticity and Mooney viscosity. The solidification method significantly affected the properties of both unfilled
and carbon-black-filled vulcanizates. Compared to biological solidification, acid-solidified samples exhibited slower
cure rates and higher fatigue temperature rise. The results showed that ammonia preservation of fresh latex and
subsequent solidification with acid could affect the important components and intrinsic properties of NR, and had a
significant impact on the dynamic properties such as fatigue temperature rise and permanent deformation, especially in
carbon-black-filled vulcanizates. However, by comparing with the imported RSS, the preservation of fresh latex with
ammonia and the subsequent solidification with acid were not the only reasons causing the performance of domestic NR
to be worse than that of imported NR and differences in processing maybe the other causes. This work not only reveals
the reason of the performance difference between domestic and imported NR products, but also would provide technical

support for optimizing the production management of special rubber park.
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Tab. 1 Difference of non-rubber components of different rawnatural rubber
Fbh TR e TR & PR ) A Fe o RAY RSy
Sample Free fatty acid content/% Acetone extract/% Nitrogen content/%  Dirt content/% Ash/% Volatile matter content/%
RSS 1.2240.02° 4.48+0.04" 0.54+0.01* 0.02 0.31+£0.01° 0.58+0.01°
ANR-11 1.4240.01° 2.39£0.07° 0.42+0.01° 0.01 0.24+0.01¢ 0.45%0.01°
ANR-12 1.39+£0.01° 2.66+0.01¢ 0.50+0.01° 0.01 0.26+0.01¢ 0.48+0.01°
ANR-13 1.42+0.02° 2.86+0.05¢ 0.44+0.01° 0.01 0.22+0.01¢ 0.33+0.01°
MNR-11 1.27£0.03° 4.01£0.06° 0.39+0.01° 0.01 0.58+0.01° 0.80+0.01°
MNR-12 0.99+0.02¢ 3.910.01° 0.33+0.01¢ 0.01 0.58+0.01° 0.70+£0.01°
MNR-13 1.40+0.01° 3.31+0.01°¢ 0.27+0.01° 0.01 0.49+0.01° 0.50+0.01°

E: FFIAR/NG PR A B 22 55 3% (P<0.05),

Note: Different lowercase letters in the same column indicate significant difference among treatments (P<0.05).
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Fig. 1 Changes of metal ion content in different raw
natural rubber
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Tab. 2 Molecular structure parameter of different raw
natural rubber

Sy TR R B

Molecular mass Content of

Fedh BohsyTiE TR

Sample  My/(x10%)  MW/(<10%) i vion index  gel/%
RSS 32.3£0.3"  181.0+0.6° 5.60+0.06° 16.4
ANR-11  30.5+0.2°  213.5+1.9° 7.00+0.04° 32.7
ANR-12  26.5+0.4°  201.6+2.3 7.62+0.19° 24.8
ANR-13  27.6£0.4° 197.5+2.6° 7.17+0.13° 29.0
MNR-11  30.4+1.5°  197.1£5.5° 6.49+0.21° 35.0
MNR-12  32.4+0.5"  195.0+0.7° 6.03£0.06" 32.9
MNR-13  31.6£0.3"  181.9+0.9° 5.75+0.07¢ 31.7

W BB E/NG FhERR A H R 22 5 82 (P<0.05 ),
Note: Different lowercase letters in the same column indicate
significant difference among treatments (P<0.05).
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Fig. 2 Molecular mass distribution of different
raw natural rubber
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Tab. 3 Vulcanization characteristic of different unfilled
natural rubber vulcanizates

b NI RO g TEBIL IR

Sample ( d,\IilI-Lfn) ( dhlilll?r/n) tio/min tiq/LrlnETiJn ( d?\IMIil)
RSS 1.2 5.0 2.3 19.4 3.7
ANR-11 1.2 4.8 2.0 21.5 3.7
ANR-12 1.0 4.8 2.0 21.5 3.8
ANR-13 1.2 49 1.8 19.0 3.7
MNR-11 1.3 5.8 1.2 12.5 4.5
MNR-12 1.2 5.7 1.2 12.2 4.5
MNR-13 1.3 5.9 1.1 12.5 4.6
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Fig. 4 Vulcanization characteristic curves of different
unfilled natural rubber vulcanizates
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Tab. 4 Mechanical properties to different unfilled natural rubber vulcanizates

300% 3 fif ] 1

500% 72 fifi 7 /1

0/ 2 3
f w00 ; . BT RREREE BRI Shear
i} Hardness/ Tensile stress ata  Tensile stress ata  Tensile stress at a Eloneation at Tensile streneth/
Sample HA given elongation of given elongation of given elongation of brgak/ﬂ/ strength/MPa (kN-r%l")
100%/MPa 300%/MPa 500%/MPa 0 g
RSS 36.0+0° 0.7+0° 1.4+0° 3.0+0.1° 874+9° 24.5+0.7° 25.4+0.5¢
ANR-11 36.0+0° 0.7+0° 1.3+0° 2.540.1° 894+21° 23.8+0.9° 26.8+0.4°
ANR-12 35.5+0° 0.6+0° 1.3+0° 2.340.1¢ 909+15" 23.0+0.4% 25.840.6"
ANR-13 36.0+0.4° 0.7+0° 1.3+0° 2.340.1¢ 919+18* 25.140.7° 27.6+0.8°
MNR-11  40.5+0° 0.8+0° 1.7+0" 3.4+0.2° 831+16° 29.5+1.0° 33.9+0.6°
MNR-12  40.5+0° 0.8+0° 1.7+0" 3.6+0.1° 818+9° 28.3+1.5° 34.4+1.4°
MNR-13  40.5+0.2° 0.8+0° 1.8+0.1° 3.7+0.3° 798+25° 27.1+2.1° 35.7£1.9*

E: FFIAR/NG PR A B 22 55 3% (P<0.05),

Note: Different lowercase letters in the same column indicate significant difference among treatments (P<0.05).
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Fig. 5 Dynamic compression thermal performance (A) and stress-strain curves (B) of unfilled natural rubber vulcanizates
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Fig. 6 Modified Mooney-Rivlin equationcurves (A) and network structure parameters (B) for different natural rubber
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Fig. 7 Network structure parameters of different unfilled
natural rubber vulcanizates
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Tab. 5 Vulcanization characteristic parameters of different
carbon-black-filled natural rubber vulcanizates
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ANR-12 2.7 17.6 39 158 14.9
ANR-13 2.9 17.1 43 167 14.2
MNR-11 3.1 18.5 23 139 15.4
MNR-12 2.9 18.0 27 144 15.1
MNR-13 2.7 17.1 27 142 14.4
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Tab. 6 Mechanical properties of different carbon-black-filled natural rubber vulcanizates

e i 100% & fi i 77 300%E {11 1 EilH Y CER IS PR ELEATY S

Sample  Hardness/HA Tensilg stress at a given Tensile_ stress at a given Elongation at Tensile Shear .
elongation of 100%/MPa elongation of 300%/MPa break/% strength/MPa strength/(kN-m ™)

RSS 73+0 4.0+0.2% 16.0+0.4" 490+6° 26.6+0.4° 83.6+3.4°
ANR-11 72+0 3.9+0.1° 16.3+0.2% 507+10° 28.0+0.5" 87.1+4.7%
ANR-12 7240 3.9+0.1° 16.3+0.4° 493+14° 27.1£0.9° 89.9+4.6"
ANR-13 71£0 3.6+0.1° 15.7£0.3% 497+5° 26.8+0.2° 84.9+6.4°
MNR-11 7240 4.0+0.1* 16.1+0.1° 503+£5° 27.5+£0.2% 87.5+2.5%
MNR-12 71£0.5 3.6£0.1° 15.5+0.2° 500£12° 26.9+0.3% 83.7+7.7%
MNR-13 7120 3.6x0 15.3+0.2° 516+13° 27.3£0.6" 81.5+3.0°

T B F/NG B R Ab 21 E] 22 5 .25 (P<0.05 ),

Note: Different lowercase letters in the same column indicate significant difference among treatments (P<0.05).
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Fig. 8 Dynamic compression thermal performance
to different carbon-black-filled natural
rubber vulcanizates
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