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YCUJIEHUE PE3UHbBI HA OCHOBE HATYPAJIBHOT'O KAYYYKA
N TEXHUYECKOI'O YIVIEPOJA ITOJINOKCAINA3OJIBHBIM
BOJIOKHOM, CWJIAHOM 1 HU3KOMOJIEKYJIAPHBIMHA
KAYYYKAMHA

B. H. AIEPUXA*, B. H. KOBAJIb, H. A. MAPYCEHKO

MHucTuTyT MEXaHUKH MeTasuIonoauMepHbIx cucteM uMmenn B. A. benoro HAH Benapycwu, yi. Kuposa, 32a, 246050, r. 'omens, bernapycs

Lenvb pabomul — uccnedosams elUsAHUE APMUPOBANHUA PE3UH HA OCHOGe HamypabHo2o kayuyka (HK) u
mexHuyeckozo yenepooa (TY) xopomkopesaunvimu noauokcaouasonvhvimu (I10]) éonoknamu u ux oanw-
Hellue20 MOOUPUYUPOBAHUSL HCUOKUMU HUSKOMONEKYIAPHbIMU noaudymaouenosvimu kayyykamu (HMK) u
ouc-[(3-mpusmorxcucunun)-nponui]-mempacyno@uo CULAHOM HA CIMPYKMYPY U NOKA3AMENU CEOUCMS.

B pabome ucnonvzosanu HMK ¢ konyesvimu y2ne6000pooHbIMU U C 2UOPOKCUTLHBIMU 2PYNNAMU, De3U-
HOGble cMecu NONYYANlU ¢ UCNONb306AHUEM cMecumens 3akpulmozo muna. Kunemuxy eynkanuzayuu uzyuanu
NO USMEHEHUI0 OUHAMUYECKUX MEXAHUYECKUX CE0UCME Npu cosuze, NoKazameny npoYHOCMU NPU pacmsoice-
HUU Onpeoensiniy Ha ucnvlmamenvHou mawune «Mncmpon-5567», Ounamuyeckue mexaHuyeckue xapakmepu-
CMUKU HA OPUSUHATLHOM PENaKcomMempe MemoooM 3amyxXaiowux KpymuibHuix Konebanuil, ckopocms abpa-
3UBHO20 USHAWUSAHUSA HA MpuboMempe 6apabanHo2o mund.

Yemanosneno, umo sseoenue 10/ 6onokon, omoenvho unu 6 couemanuu ¢ HMK nosviwaem cme-
neHv cuiusanus, cmamuieckue mooyau pesun MI10 u M20 (0o 1,5-1,8 pa3), npeden mexyuecmu u npouy-
HOCMb pe3ur Npu pacmadceHuu no CPAGHEHUio ¢ Heapmuposanuvim eyakanuzamom HK. Haiideno, umo
ssedenue I10]] sonokna nogvluiaem conpomueienue abpasusHoMy UsHawUeanuio pesunsvl Ha ochose HK
auws 8 covemanuu ¢ HMK, uiu 6 couemanuu HMK ¢ cunanom, obecneuusas pocm uzHOCOCMOUKOCMU 00
9-15% no cpasnenuio c HeapMupoB8aHHbIM COCNABOM.

KnaioueBble c10Ba: HaTYpaJIbHBIM KaydyK, TOJIMOKCAANAa30bHOE BOJIOKHO, HU3KOMOJICKYIIAPHBIN MOIHOYTaIMeHO-
BBIH Kay4yyK, MEXaHHUECKHE CBOICTBA, a0pa3MBOCTONKOCTS.

REINFORCEMENT OF RUBBER BASED ON NATURAL RUBBER AND
CARBON BLACK WITH POLYOXADIAZOLE FIBER AND LOW
MOLECULAR WEIGHT RUBBERS

V. N. ADERIKHA", V. N. KOVAL, N. A. MARUSENKO
V. A. Belyi Metal-Polymer Research Institute of National Academy of Sciences of Belarus, Kirov St., 32a, 246050, Gomel, Belarus

The aim of the work is to investigate the effect of reinforcement of rubbers based on natural rubber (NR)
and carbon black (CB) with short-cut polyoxadiazole (POD) fibers and their further modification with liquid
low molecular weight polybutadiene rubbers (LMWR) and bis-[(3-triethoxysilyl)-propyl]-tetrasulfide silane on
the structure and properties.

The research has been conducted using LMWR with terminal hydrocarbon or hydroxyl groups, rubber
blends were prepared in a closed chamber mixer. The kinetics of vulcanization was monitored via the changes
of dynamic mechanical properties on the “RPA Flex” instrument, tensile strength indicators were determined
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on the Instron-5567 testing machine, dynamic mechanical characteristics on the original relaxometer with free
torsional pendulum, the rate of abrasive wear was measured on a drum-type tribometer.

It is found that the introduction of POD fibers, alone or in combination with LMWR, increases the
degree of crosslinking, static modules of M10 and M20 rubbers (up to 1.5-1.8 times), yield strength and
tensile strength of rubbers compared with non-reinforced rubber. It is found that introduction of the fi-
bers increases the resistance to abrasive wear of NR-based rubber only in combination with LMWR, or
in combination with LMWR and silane, providing an increase in wear resistance up to 9-15% compared
with the non-reinforced composition.

Keywords: natural rubber, polyoxadiazole fibers, low molecular weight polybutadiene rubber, mechanical proper-

ties, abrasion resistance.

Hocmynuna ¢ peoaxyuro 12.10.2023

© B. H. Anepuxa, B. H. KoBans, H. A. Mapycenko, 2023

st mpruoOpeTeHus MOJTHOTO TEKCTa CTaThu, 00pamaiTech B PeIaKiHio )KypHaa
Full text of articles can be purchased from the editorial office

Anpec pexaxuun: yi. Kuposa, 32a, 246050, r. ['omens, benapycs
Tenedon/paxe: +375 (232) 34 06 36 /34 17 11

Address: Kirov St., 32a, 246050, Gomel, Belarus
Phone: +375 (232) 34 06 36. Fax: +375 (232) 34 17 11

E-mail: polmattex@gmail.com
Web: http://mpri.org.by/izdaniya/pmt/

Oopazen UUTUPOBAHUSA:

Anepuxa B. H., Kosanes B. H., Mapycenko H. A. YcuneHnue pe3nHbl Ha OCHOBE HATypaJbHOIO KayuyyKa U TEXHUYE-
CKOT'0 YIJepojia MOJIMOKCAANA30bHBIM BOJIOKHOM, CHJIAHOM M HU3KOMOJIEKYJISIPHBIMU Kaydykamu // TloaumepHsie
Mmarepuaisl 1 Textnomorun. 2023. T. 9, Ne 4. C. 44-53. http://doi.org/10.32864/polymmattech-2023-9-4-44-53

Citation sample:

Aderikha V. N., Koval' V. N., Marusenko N. A. Usilenie reziny na osnove natural'nogo kauchuka i tekhnich-
eskogo ugleroda polioksadiazol'nym voloknom, silanom i nizkomolekulyarnymi kauchukami [Reinforcement of
rubber based on natural rubber and carbon black with polyoxadiazole fiber and low molecular weight rubbers]. Po-
limernye materialy i tekhnologii [Polymer Materials and Technologies], 2023, vol. 9, no. 4, pp.44-53.
http://doi.org/10.32864/polymmattech-2023-9-4-44-53

Jlutepartypa

1.

Kim W., Muhammet 1., Kim D., Kim I. J., Lee J.-Y., Kim W. Liquid Polybutadiene Extended ESBR/Silica Wet-Masterbatch Composites
For Improving Abrasion Resistance And Dynamic Properties Of Tire Tread Compounds // Rubber Chem. Techn., 2022, vol. 95, no. 1, pp.
82-100. doi: 10.5254/rct.21.79881

. Saramolee P., Sahakaro K., Lopattananon N., Dierkes W. K., Noordermeer J. W. M. Comparative properties of silica and carbon black-

reinforced natural rubber in the presence of epoxidized low molecular weight polymer // Rubber Chem. Techn., 2014, vol. 87, no. 2, pp.
320-339. doi: 10.5254/rct.13.86970

. Sreenivasan P., Ratna D., Albert P., J. Somashekaran, Raut R., Chakraborty B. C. A New Liquid Rubber-Assisted Dispersion of Organoclay

in Carbon Black Filled Carboxylated Acrylonitrile—Butadiene Rubber Matrix // J. Appl. Polym. Sci., 2013, vol. 128, is. 4, pp. 2414-2423.
doi: 10.1002/app.38256

. Zhong J., Luo Z., Hao Z., Guo Y., Zhou Z., Li P., Xue B. Enhancing fatigue properties of styrene butadiene rubber composites by im-

proving interface adhesion between coated aramid fibers and matrix // Composites, Part B, 2019, vol. 172, pp. 485-495. doi:
10.1016/j.compositesh.2019.05.091

. Balachandrakurup V., George N., Gopalakrishnan J. Effect of compatibiliser on the mechanical, rheological and thermal properties of

natural rubber/Cellulose nanofibre composites // Mater. Today Proc., 2021, vol. 47, pp. 5345-5350. doi: 10.1016/j.matpr.2021.06.065

. Kim D., Ahn B., Kim K. Lee J. Y., Kim I. J., Kim W. Effects of Molecular Weight of Functionalized Liquid Butadiene Rubber as a Pro-

cessing Aid on the Properties of SSBR/Silica Compounds // Polymers, 2021, vol. 13, is. 6. doi: 10.3390/polym13060850

. Salort F., Henning S. K. Silane-terminated liquid poly(butadienes) in tread formulations: a mechanistic study // Rubber Chem. Techn., 2021,

vol. 94, no. 1, pp. 24-47. doi: 10.5254/rct.20.80359

. Anepuxa B. H., Kosans B. H., Mapycenko H. A. BiusiHue HU3KOMOJIEKY/IAPHBIX KaydyKOB HAa MEXaHUYECKHE XapaKTEPUCTHKH PE3UHBI Ha OC-


http://dx.doi.org/10.5254/rct.21.79881
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
http://dx.doi.org/10.1002/app.38256
http://dx.doi.org/10.1016/j.compositesb.2019.05.091
https://www.sciencedirect.com/journal/materials-today-proceedings/vol/47/part/P15
http://dx.doi.org/10.1016/j.matpr.2021.06.065
http://dx.doi.org/10.3390/polym13060850
javascript:;
javascript:;
https://doi.org/10.5254/rct.20.80359
http://mpri.org.by/izdaniya/pmt/
mailto:polmattex@gmail.com
http://mpri.org.by/izdaniya/pmt/

46

B. H. Aoepuxa, B. H. Kosanv, H. A. Mapycenko

10.

11.

12.

13.

14.

15.

16.
17.

HOBE HATYpaIbHOrO KaydyKa H MOJIMOKCaana3oibHOro BojokHa // [Tonumeprbie Matepuanst u texuonorun. 2023, T. 9, Ne 3. C. 29-38. doi:

10.32864/polymmattech-2023-9-3-29-38
. Thammathadakul V., O'Haver J. H., Harwell J. H., Osuwan S., Na-Ranong N., Waddell W. H. Comparison of Rubber Reinforcement Using
Various Surface-Modified Precipitated Silicas // J. Appl. Polym. Sci., 1996, vol. 59, pp. 1741-1750. doi: 10.1002/(SICI)1097-
4628(19960314)59:11<1741::AID-APP10>3.0.C0O;2-X
Sae-oui P., Sirisinha C., Hatthapanit K., Thepsuwan U. Comparison of reinforcing efficiency between Si-69 and Si-264 in an efficient vul-
canization system // Polym. Test., 2005, vol. 24, is. 4, pp. 439-446. doi: 10.1016/j.polymertesting.2005.01.008
Mohamad N., Muchtar A., Ghazali M. J., Mohd D. Hj., Azhari C. H. Correlation of Filler Loading and Silane Coupling Agent on the
Physical Characteristics of Epoxidized Natural Rubber-Alumina Nanoparticles Composites // J. Elastomers Plast., 2010, vol. 42, is.
4, pp. 331-346. doi: 10.1177/0095244310368125
Kaewsakul W., Sahakaro K., Dierkes W. K., Noordermeer J. Mechanistic Aspects of Silane Coupling Agents With Different Func-
tionalities on Reinforcement of Silica-Filled Natural Rubber Compounds // Polym. Eng. Sci., 2015, vol. 55, is. 4, pp. 836-842. doi:
10.1002/pen.23949
Shen M.-X., Dong F., Zhang Z.-X., Meng X.-K., Peng X.-D. Effect of abrasive size on friction and wear characteristics of nitrile butadiene
rubber (NBR) in two-body abrasion // Trib. Int., 2016, vol. 103, pp. 1-11. doi: 10.1016/j.triboint.2016.06.025
Patnep C. b., ®apbeposa U. U., Pamiokeuu O. B., JIypse E. I'. CBsi3p H3HOCOCTOMKOCTH IIACTMACC C APYTHMH MEXaHHYECKHMH CBOM-
crBamu // TInactudeckue maccol. 1963. Ne 7. C. 38—42.
dapbeposa U. 1., Patuep C. b., Jlypse E. I'., I'ypman 1. M., Urnatoa T. A., Hocosa JI. A. O BIHSHHE HEKOTOPHIX PELENTYPHBIX U TeX-
HOJIOTHYecKuX (hakTopoB Ha HcTHpaHue riacTMacce // Ilnactiuaeckue Macesl. 1962. Ne 9. C. 35-38.
Lancaster J. K. Abrasive wear of polymers // Wear, 1969, vol. 14, is. 4, pp. 223-239. doi: 10.1016/0043-1648(69)90047-7
Huntink N., Pierik B., Lange P. de, Datta R. Material aims to improve rolling resistance, durability // Rubber & Plastics News, 2008, July
14, [Dnexrponnsiii pecypc]. URL: https://www.rubbernews.com/assets/PDF/RN86537218.pdf (zara oOpawmenus: 10.10.2023).

References

1.

10.

11.

12.

13.

14.

15.

16.

Kim W., Muhammet I., Kim D., Kim I. J., Lee J.-Y., Kim W. Liquid Polybutadiene Extended ESBR/Silica Wet-Masterbatch Composites

For Improving Abrasion Resistance And Dynamic Properties Of Tire Tread Compounds. Rubber Chem. Techn., 2022, vol. 95, no. 1, pp.

82-100. doi: 10.5254/rct.21.79881

. Saramolee P., Sahakaro K., Lopattananon N., Dierkes W. K., Noordermeer J. W. M. Comparative properties of silica and carbon black-
reinforced natural rubber in the presence of epoxidized low molecular weight polymer. Rubber Chem. Techn., 2014, vol. 87, no. 2, pp. 320—
339. doi: 10.5254/rct.13.86970

. Sreenivasan P., Ratna D., Albert P., J. Somashekaran, Raut R., Chakraborty B. C. A New Liquid Rubber-Assisted Dispersion of Organoclay
in Carbon Black Filled Carboxylated Acrylonitrile—Butadiene Rubber Matrix. J. Appl. Polym. Sci., 2013, vol. 128, is. 4, pp. 2414-2423. doi:
10.1002/app.38256

. Zhong J., Luo Z., Hao Z., Guo Y., Zhou Z., Li P., Xue B. Enhancing fatigue properties of styrene butadiene rubber composites by
improving interface adhesion between coated aramid fibers and matrix. Composites, Part B, 2019, vol. 172, pp. 485-495. doi:
10.1016/j.compositesh.2019.05.091

. Balachandrakurup V., George N., Gopalakrishnan J. Effect of compatibiliser on the mechanical, rheological and thermal properties
of natural rubber/Cellulose nanofibre composites. Mater. Today Proc., 2021, vol. 47, pp. 5345-5350. doi: 10.1016/j.matpr.2021.06.065

. Kim D., Ahn B., Kim K. Lee J. Y., Kim I. J., Kim W. Effects of Molecular Weight of Functionalized Liquid Butadiene Rubber as a Pro-
cessing Aid on the Properties of SSBR/Silica Compounds. Polymers, 2021, vol. 13, is. 6. doi: 10.3390/polym13060850

. Salort F., Henning S. K. Silane-terminated liquid poly(butadienes) in tread formulations: a mechanistic study. Rubber Chem. Techn., 2021,
vol. 94, no. 1, pp. 24-47. doi: 10.5254/rct.20.80359

. Aderikha V. N., Koval' V. N., Marusenko N. A. Vliyanie nizkomolekulyarnykh kauchukov na mekhanicheskie kharakteristiki reziny na os-
nove natural'nogo kauchuka i polioksadiazol'nogo volokna [Effect of low molecular weight rubber on mechanical properties of rubber based
on natural rubber and polyoxadiazole fiber]. Polimernye materialy i tekhnologii [Polymer Materials and Technologies], 2023, vol. 9, no. 3,
pp. 29-38. doi: 10.32864/polymmattech-2023-9-3-29-38

. Thammathadakul V., O'Haver J. H., Harwell J. H., Osuwan S., Na-Ranong N., Waddell W. H. Comparison of Rubber Reinforcement Using

Various Surface-Modified Precipitated Silicas. J. Appl. Polym. Sci.,, 1996, vol. 59, pp. 1741-1750. doi: 10.1002/(SICI)1097-

4628(19960314)59:11<1741::AID-APP10>3.0.CO;2-X

Sae-oui P., Sirisinha C., Hatthapanit K., Thepsuwan U. Comparison of reinforcing efficiency between Si-69 and Si-264 in an efficient vul-

canization system. Polym. Test., 2005, vol. 24, is. 4, pp. 439-446. doi: 10.1016/j.polymertesting.2005.01.008

Mohamad N., Muchtar A., Ghazali M. J., Mohd D. Hj., Azhari C. H. Correlation of Filler Loading and Silane Coupling Agent on the Physi-

cal Characteristics of Epoxidized Natural Rubber-Alumina Nanoparticles Composites. J. Elastomers Plast., 2010, vol. 42, is. 4, pp. 331-

346. doi: 10.1177/0095244310368125

Kaewsakul W., Sahakaro K., Dierkes W. K., Noordermeer J. Mechanistic Aspects of Silane Coupling Agents With Different Functionalities

on Reinforcement of Silica-Filled Natural Rubber Compounds. Polym. Eng. Sci., 2015, vol. 55, is. 4, pp. 836-842. doi: 10.1002/pen.23949

Shen M.-X., Dong F., Zhang Z.-X., Meng X.-K., Peng X.-D. Effect of abrasive size on friction and wear characteristics of nitrile butadiene

rubber (NBR) in two-body abrasion. Trib. Int., 2016, vol. 103, pp. 1-11. doi: 10.1016/j.triboint.2016.06.025

Ratner S. B., Farberova I. ., Radyukevich O. V., Lur'e E. G. Svyaz' iznosostoykosti plastmass s drugimi mekhanicheskimi svoystvami

[Relationship between the wear resistance of plastics and other mechanical properties]. Plasticheskie massy [Plastics], 1963, no. 7, pp. 38—

42.

Farberova I. I., Ratner S. B., Lur'e E. G., Gurman |. M., Ignatova T. A., Nosova L. A. O vliyanii nekotorykh retsepturnykh i tekhnolog-

icheskikh faktorov na istiranie plastmass [On the influence of some formulation and technological factors on the abrasion of plastics]. Plas-

ticheskie massy [Plastics], 1962, no. 9, pp. 35-38.

Lancaster J. K. Abrasive wear of polymers. Wear, 1969, vol. 14, is. 4, pp. 223-239. doi: 10.1016/0043-1648(69)90047-7

. Huntink N., Pierik B., Lange P. de, Datta R. Material aims to improve rolling resistance, durability. Available

at: https://www.rubbernews.com/assets/PDF/RN86537218.pdf (accessed 10.10.2023).



https://doi.org/10.1016/j.polymertesting.2005.01.008
https://doi.org/10.1177/0095244310368125
https://www.researchgate.net/profile/Wisut-Kaewsakul-2?_sg%5B0%5D=i6wZGgg9Fjul29FggIKKHsymO57LvqiDPvZXHvDbWBt5eaO1g8ubTa38YEv8W_FSsyunpUA.HQ5PJPsC3r-y3s-Ng04EyFioi78y7I9Yq1UoSHKrrU3FRORWi2tj9_FFP3kK2ZfuML7oo4rnw1GCdvpmb-tEHg&_sg%5B1%5D=McrEaPD10BzKuh1DOgO0Wtv-sbYvziEtAtQbipdYY06lIh9bHoYNvk2ZSKotI8e-rO4XO_o._CGRtifpjhe9NWQfjlMAL9wTJorhJGKUSyRkv_ty80UBXet_f73_ldkUMT_FBSCsxxiH2g9k3GH8FroETvv98Q
https://www.researchgate.net/profile/K-Sahakaro?_sg%5B0%5D=i6wZGgg9Fjul29FggIKKHsymO57LvqiDPvZXHvDbWBt5eaO1g8ubTa38YEv8W_FSsyunpUA.HQ5PJPsC3r-y3s-Ng04EyFioi78y7I9Yq1UoSHKrrU3FRORWi2tj9_FFP3kK2ZfuML7oo4rnw1GCdvpmb-tEHg&_sg%5B1%5D=McrEaPD10BzKuh1DOgO0Wtv-sbYvziEtAtQbipdYY06lIh9bHoYNvk2ZSKotI8e-rO4XO_o._CGRtifpjhe9NWQfjlMAL9wTJorhJGKUSyRkv_ty80UBXet_f73_ldkUMT_FBSCsxxiH2g9k3GH8FroETvv98Q
https://www.researchgate.net/scientific-contributions/Wilma-Dierkes-2061682231?_sg%5B0%5D=i6wZGgg9Fjul29FggIKKHsymO57LvqiDPvZXHvDbWBt5eaO1g8ubTa38YEv8W_FSsyunpUA.HQ5PJPsC3r-y3s-Ng04EyFioi78y7I9Yq1UoSHKrrU3FRORWi2tj9_FFP3kK2ZfuML7oo4rnw1GCdvpmb-tEHg&_sg%5B1%5D=McrEaPD10BzKuh1DOgO0Wtv-sbYvziEtAtQbipdYY06lIh9bHoYNvk2ZSKotI8e-rO4XO_o._CGRtifpjhe9NWQfjlMAL9wTJorhJGKUSyRkv_ty80UBXet_f73_ldkUMT_FBSCsxxiH2g9k3GH8FroETvv98Q
https://www.researchgate.net/profile/Jacques-Noordermeer?_sg%5B0%5D=i6wZGgg9Fjul29FggIKKHsymO57LvqiDPvZXHvDbWBt5eaO1g8ubTa38YEv8W_FSsyunpUA.HQ5PJPsC3r-y3s-Ng04EyFioi78y7I9Yq1UoSHKrrU3FRORWi2tj9_FFP3kK2ZfuML7oo4rnw1GCdvpmb-tEHg&_sg%5B1%5D=McrEaPD10BzKuh1DOgO0Wtv-sbYvziEtAtQbipdYY06lIh9bHoYNvk2ZSKotI8e-rO4XO_o._CGRtifpjhe9NWQfjlMAL9wTJorhJGKUSyRkv_ty80UBXet_f73_ldkUMT_FBSCsxxiH2g9k3GH8FroETvv98Q
https://doi.org/10.1002/pen.23949
https://doi.org/10.1002/pen.23949
https://www.sciencedirect.com/science/article/pii/S0301679X16301967
https://www.sciencedirect.com/science/article/pii/S0301679X16301967
https://www.sciencedirect.com/journal/tribology-international
https://www.sciencedirect.com/journal/tribology-international/vol/103/suppl/C
https://doi.org/10.1016/j.triboint.2016.06.025
https://doi.org/10.1016/0043-1648(69)90047-7
http://dx.doi.org/10.5254/rct.21.79881
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
http://dx.doi.org/10.1002/app.38256
http://dx.doi.org/10.1016/j.compositesb.2019.05.091
https://www.sciencedirect.com/journal/materials-today-proceedings/vol/47/part/P15
http://dx.doi.org/10.1016/j.matpr.2021.06.065
http://dx.doi.org/10.3390/polym13060850
javascript:;
javascript:;
https://doi.org/10.5254/rct.20.80359
http://doi.org/10.32864/polymmattech-2023-9-3-29-38
https://doi.org/10.1016/j.polymertesting.2005.01.008
https://doi.org/10.1177/0095244310368125
https://www.researchgate.net/profile/Wisut-Kaewsakul-2?_sg%5B0%5D=i6wZGgg9Fjul29FggIKKHsymO57LvqiDPvZXHvDbWBt5eaO1g8ubTa38YEv8W_FSsyunpUA.HQ5PJPsC3r-y3s-Ng04EyFioi78y7I9Yq1UoSHKrrU3FRORWi2tj9_FFP3kK2ZfuML7oo4rnw1GCdvpmb-tEHg&_sg%5B1%5D=McrEaPD10BzKuh1DOgO0Wtv-sbYvziEtAtQbipdYY06lIh9bHoYNvk2ZSKotI8e-rO4XO_o._CGRtifpjhe9NWQfjlMAL9wTJorhJGKUSyRkv_ty80UBXet_f73_ldkUMT_FBSCsxxiH2g9k3GH8FroETvv98Q
https://www.researchgate.net/profile/K-Sahakaro?_sg%5B0%5D=i6wZGgg9Fjul29FggIKKHsymO57LvqiDPvZXHvDbWBt5eaO1g8ubTa38YEv8W_FSsyunpUA.HQ5PJPsC3r-y3s-Ng04EyFioi78y7I9Yq1UoSHKrrU3FRORWi2tj9_FFP3kK2ZfuML7oo4rnw1GCdvpmb-tEHg&_sg%5B1%5D=McrEaPD10BzKuh1DOgO0Wtv-sbYvziEtAtQbipdYY06lIh9bHoYNvk2ZSKotI8e-rO4XO_o._CGRtifpjhe9NWQfjlMAL9wTJorhJGKUSyRkv_ty80UBXet_f73_ldkUMT_FBSCsxxiH2g9k3GH8FroETvv98Q
https://www.researchgate.net/scientific-contributions/Wilma-Dierkes-2061682231?_sg%5B0%5D=i6wZGgg9Fjul29FggIKKHsymO57LvqiDPvZXHvDbWBt5eaO1g8ubTa38YEv8W_FSsyunpUA.HQ5PJPsC3r-y3s-Ng04EyFioi78y7I9Yq1UoSHKrrU3FRORWi2tj9_FFP3kK2ZfuML7oo4rnw1GCdvpmb-tEHg&_sg%5B1%5D=McrEaPD10BzKuh1DOgO0Wtv-sbYvziEtAtQbipdYY06lIh9bHoYNvk2ZSKotI8e-rO4XO_o._CGRtifpjhe9NWQfjlMAL9wTJorhJGKUSyRkv_ty80UBXet_f73_ldkUMT_FBSCsxxiH2g9k3GH8FroETvv98Q
https://www.researchgate.net/profile/Jacques-Noordermeer?_sg%5B0%5D=i6wZGgg9Fjul29FggIKKHsymO57LvqiDPvZXHvDbWBt5eaO1g8ubTa38YEv8W_FSsyunpUA.HQ5PJPsC3r-y3s-Ng04EyFioi78y7I9Yq1UoSHKrrU3FRORWi2tj9_FFP3kK2ZfuML7oo4rnw1GCdvpmb-tEHg&_sg%5B1%5D=McrEaPD10BzKuh1DOgO0Wtv-sbYvziEtAtQbipdYY06lIh9bHoYNvk2ZSKotI8e-rO4XO_o._CGRtifpjhe9NWQfjlMAL9wTJorhJGKUSyRkv_ty80UBXet_f73_ldkUMT_FBSCsxxiH2g9k3GH8FroETvv98Q
https://doi.org/10.1002/pen.23949
https://www.sciencedirect.com/science/article/pii/S0301679X16301967
https://www.sciencedirect.com/science/article/pii/S0301679X16301967
https://www.sciencedirect.com/journal/tribology-international
https://www.sciencedirect.com/journal/tribology-international/vol/103/suppl/C
https://doi.org/10.1016/j.triboint.2016.06.025
https://doi.org/10.1016/0043-1648(69)90047-7
https://www.rubbernews.com/assets/PDF/RN86537218.pdf

