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Abstract

Standard rubber sheet for abrasion testing is widely used in rubber product testing laboratories. Abrasion
testing according to ISO 4649, ASTM D5963 and DIN53516 standard need to used standard rubber sheet for
calibrating the abrasive sheet. This standard rubber sheet is consumable and expensive. Therefore, this study aims
to produce the standard rubber for their own use of the laboratories by referring standard reference compound
No.1 in ISO 4649:2010(E) Annex B. In ISO 4649:2010(E), the vulcanization is suggested to be done at 150+2°C for
25+1 minutes which is quite a long period of time. In order to save energy in production, the vulcanization time was
reduced to 20 minutes. The result showed that the in-house rubber sheet meet the requirements of the standard;
603 Shore A in hardness and 180-220 mg of the mass loss and the difference in a mass loss was less than 15
mg from the commercial rubber sheet. In conclusion; shorter vulcanization time did not made different in abrasion
results. Moreover, this study also attempted to prepared environmental friendly standard rubber sheet which has
less amount of hazardous chemicals i.e. ZnO and MBTS. In order to be ready for future trend, the amount of ZnO
used was reduce to 5 phrinstead of 50 phr. The accelerator like MBTS was changed to be less carcinogenic type
like CBS. The results showed that the environmental friendly standard rubber sheet met the requirement of ISO
4649:2010(E) standard. Zo50 (ZnO 50 phr and vulcanization at 150°C for 20 min), ZoCc (ZnO 5 phr and vulcanization
at 160°C for 10 min), and ZoCBS (CBS was used instead of MBTS and vulcanization at 160°C for 20 min) were the
proper formulas for producing standard rubber sheet for abrasion testing according to ISO 4649:2010(E).

Keywords: Abrasion testing, Standard rubber sheet, Environmental friendly product, Energy saving
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1. unU" (Introduction)

AMNNUFan13Tnd (Abrasion resistance) ABAITN
mmimmwumqmm‘Lummqumumamﬂmmummﬂ
nsdNEARe AR Lﬂuamumwuﬁmﬂwmmummmm
N f;ﬁmmmmﬂﬁ‘imﬂmﬂmmfamqmmmm Rotary Drum
Abrader (ﬁ“ﬂ‘Vl 1) fgzeizdm 40 m Lmeuwuﬂ frunvnin
vnellLinemnefanusanisdndunn uasdnsnusme
WNUNNEaNUFen AT NNIMARELANNUABNIT
dn@veseeansnsonagenliniunInIgiu ASTM D5963
DIN53516 way 1SO 4649 ‘Emm”Lenmqmmﬁm (Standard
reference compounds) Lﬂ%ﬁl’)@@‘uLV]EILIﬂ‘a‘“’GﬂHVI?’]EWWﬂ
a7n Aluminium oxide HIUALEIAKTAANNUEINL (Grain
size) WMl 60 TmﬂLLsiuﬂi:mwmﬂﬁmﬁmfﬁwﬂﬂ'wﬁ@ﬂ
400 mm ARNENG 474 £ 1 mm AT AYNUUNLRAEY 1 mm
Emnivmrmwmvmml%ﬂmnmmwammmsummqmmﬁm
'l‘wummﬂ‘v]Lﬂ@ﬂmmmiﬂmwmmﬂm (Mass loss) f
srelzdm 40 m agflutae 180-220 mg mmuuﬂmﬂ@ﬂuugm
ldnneandsnisdndueseneninsguAivizagandngaeiili
wasunszaEmae i ﬂmuumqmmﬁmﬂ%ﬁ‘lwm
ﬂgumm:mmmumqmmmmmnmaﬂa%wmLmvmqm
LN LwaLﬂummmﬂﬂmmﬂiumﬂfamqmmﬁm aglad
LLmﬂmmymgmmqmmﬂmhm Tneldgms nazuaunis
uaran N153UgL waznisauANANIN ANy ldly
ISO 4649 Annex B {lugnaizusiu

g‘ﬂﬁ 1 1ATad Rotary Drum Abrader
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; u@nmn&mmﬁﬁﬂﬁﬂ“ﬁﬁﬂﬁmmm’mLﬁ@@mmi‘ﬁma
it (ZnO waz MBTS) Lwﬂﬁ”l,mmammmummﬂm
slumiwm@ummwum@mﬂmammmmwmummﬁm
wazifluiinsredeunday

2. 9amMsaae (Experimental)
2.1 AN9UAzANSLAN

2.1.1 819899:97R: STR 5L

2.1.2 @19FWAN: KGN (Carbon black), LAALTE
ANFLDLIA (CaCO,)

2.1.3 a1mnsfuansisaliiTenenamagy: dee
aanlas (zinc oxide; Zn0), FeAaan il (Zinc oxide-
nanopowder,<100 nm particle size), wAALTaNaanlas
(calcium oxide; Ca0), wnnildanaanlas (Magnesium
oxide; MgO)

2.1.4 anaetiseneneaegy: lawulglnesdaln
48 We (dibenzothiazyl disulfide; MBTS) Laz lalaalanda
L‘]_Iuifﬂvl,ﬁﬂziﬁmﬁffﬂﬂuﬂuﬁ(N—Cyclohexyl-2-benzothiazole
sulfonamide; CBS)

2.1.5 gnavinTiueasgel: Aaauzdu (Sulfur)

216 anstlasfunadenanin: lelsineRaiia
Wﬁ@ﬁﬂm@uu (N-Isopropyl-N'-phenyl-p-phenylenediamine;
|PPD)

2.2 meuaua"@ﬂnﬁm

2.2.1 Lmﬂwmm uuile (Kneader) |

222 m@mummmumqLmummgﬂﬂaq
(two-rolls mill) 3

223 Lﬂ?‘lﬂdﬁﬁugﬂ (compression molding machine)

2.2.4 \A384949 (Electric balance) JAanNaziden
lun1381uAn 0.01 N¥N LAY 0.0001 NiN

2.2.5 1pg0amngnamRuaznanAgll (Moving die
rheometer, MDR)

2.2.6 WHANW (Molding, size 8 mm x 181 mm x
181 mm)

2.3 gneenNinnsi UM LNARALANNNUGRAMS
AR

AN919R 1 LAAIgATENNNIRTFIUE T UNAdaL
mmwummﬂmmwuif*ﬂu ISO 4649 Annex B 411414t
uiﬁlmﬂuammqmmmummuﬂnmmmmmim”muaw
Li\iﬂgmmmqmaﬂ uazansselisenaneagl el
gaannzanniiuiinsiu@suandansalyl
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al' a' v all R ° o o
A9 1 zgmm‘mmu‘w‘lﬁjﬂﬂmm?mmqmma‘gmmmu
NNINAFALANNNUAANITTAR

Ingredient Parts by mass (phr)

Natural rubber (STR 5L) 100.0

Zinc oxide, class B4c 50.0
N-lsopropyl-N'-phenyl-p- 1.0
phenylenediamine (IPPD)

Benzothiazyl disulfide (MBTS) 1.8

Carbon black N330 36.0

Sulfur 2.5

Total 191.3

ma‘mwr?’fummqﬂﬁﬁ?mmqma‘ﬂ (Accelerator
activators) Aildlugnsunaiiassiufe 39 eanlad (ZnO)
wﬂummmamiwwzﬁ’qmaLmenmﬂummnmmmy
Lﬂm’mm araranansEnUAadeandaniatinllingn
walilfanannagdviunaaeuanunusenisindgns
nilulinssedeuindenuastanimiduldniuninsgiuiso
4649 Auus agldAnEFauWay 3 Uszidune 1) nated
nsldansnsdudnsisal)irenenemsglsinentiniuly
By (wunidaseenlas, MgO ey upa@aw
aanlas, CaO) 2) waveen13ld ZnO uar Zinc Oxide
Nanoparticles Iuﬂ?mmﬁﬁmﬁu waz 3) ansidalfjnsen
mqmiﬂmwumiuﬂ?mmwmmu Anean g lunnsdAnm
yaaestuandlflumand 2

19797 2 grseeildAnansnszauanssaljisenaasguazanssalfiseanenegy

Ingredient Parts by mass (phr)
Z050* Co50 Mo50 Z0o5 Zn5 ZoCc ZnCc ZoCBS
Natural rubber 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Zinc oxide (Zo) 50.0 - - 5 - 5 - 50.0
Calcium Oxide (Co) - - 50.0 - - - - -
Magnesium Oxide (Mo) - 50.0 - - - - - -
Zinc oxide-nano (Zn) - - - - 5 - 5 -
CaCO3 (Cc) - - - - - 45 45 -
IPPD 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
MBTS 1.8 1.8 1.8 1.8 1.8 1.8 1.8 -
CBS (CBS) - - - - - - - 1.8
Carbon black N330 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0
Sulfur 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Total 191.3 191.3 191.3 146.3 191.3 191.3 146.3 191.3

WNEIME * 8199m3 Zo50 uanagrennsgauninmualiliu 1ISO 4649 Annex B dldidusinpaunu

24 m‘JUﬂN’NNﬂ’NﬂUﬂ’]%‘LﬂN

mu’muﬂm\iLmyma‘mﬂummm \Ban 0.1 gimﬂmmmumamm L']Z\]"W]ﬂlﬂuﬂi‘v‘]_l')uﬂﬂi‘]_lﬁ]&l@llf;l’]\iﬁﬂ[ﬂiﬁ’m

flaslalsn 1S0 4649 Annex B fagilfl 2
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:Internal mixer

| [ At 7.5 min ] |/

Atlimin | [

At 0 min | At 14 min AL 18 min

i Add Zn0, | Add Carbon .

: ] Add Sulfur D

' fCCaEter | |~5 IPPD,MBTS | | black \ oo e
E'l‘wl}—l‘ﬂ"s mill

At 10 min | Al S min At 1 min Set temp. of
Sheet off [ Turn the rolled sheet Make 3 to 4 cuts | rolls : 5045 °C

3107 2 nsztaunsuANaNEaN ATz L5l 1SO 4649 Annex B
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2.6 msmuququﬂlmwmqmmg'mﬁwamm
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TARANNIMIFIU ISO 4649 FeiiAzen Rotary drum abrader
U 3 TU LAITIENIUALRAY IAENANITNARELAZFB
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| 2.6.2 MAAAUANNLIIRINNIATFIUISO 7619-1
fiaelLlAsad Durometer type A Faeeauunlszand 8 mm
Tmﬂ“l%ﬁmmz?{mm 3 AT ULATUNNHANNINAREL AN
5 AFIUAITIBNUAINAN NIMTFIUISO 4649 Annex B 15
muummmmmmmemm\ammmﬂqw 60+3 Shore A
26.3 wReneLpamMmagaL T Reag

1
al o

”Lﬂmwﬁqmiﬁm%igudwmqmmﬁmﬁlmam&‘imuwLmz
H1NATFIUNNARTS InaNAELAIWIL 15 Tu] aY 3
ATS ILUANANTBIUARZTY LATHANTNAGRLIL VN
‘wLﬂ@ﬂuuﬂmiﬂmwmmmmmmmLfa@ﬂm 15 mumm
8721919 180-220 mg Imﬂ‘wmmemmawmmum
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3. NAWATIANSDE (Results and discussion)
3.1 WAIIRUNALAIIAIMSALgL

AUNNNUATIZEE Lf;mmimiﬂmmmifmmm
Lm‘m Moving Die Rheometer (MDR) me\ﬂum’]i’]\m 3
mema*mmﬁﬂummmm Mo50, Co50 WAL Zo50 WLqN
mmmw‘lﬂjmimvmumm\iﬂgmmLLmvmumhiwﬂwmm
’Lummﬂumwaﬂ WANFANAIUANANAL A9t MgO < CaO
< 70 thunansdn MgO Lﬂumim”muma‘wmgmmm
Usz@niningegnluszuuil nan1sAne gms Zo50 (ZnO
50 phr), Zo5 (ZnO 5 phr), ZoCc (ZnO 5 AL CaCO 45
phr), Zn5 (ZnO nano power 5 phr)) FNLL'&NIML‘VM@M’]
178104989 ZnO ‘Vl@mm”l,ummgmmvﬂwwmﬂ%"lumim
gilagafiledAny wenaniinisAneaiinae9ansisa
ﬂgmmmqmsﬂ 2 tim Wudn CBS (ZoCBS) Wluansisa
ﬂgmﬂ’m’]qmiﬂwmlummmm@miummmﬂ MBTS
(Z050)

lﬂ’?ﬁ"Nﬁ 3 fqmuqﬁLL@:im:Lqmmamgﬂmmmmmmmmaﬁﬂm

Cure time (TC90), min

Temperature, °C
Z050* Co50 Mo50 Zo5 Zn5 ZoCc ZnCc ZoCBS
150 5.21 4.79 1.48 5.95 6.16 5.70 5.44 3.59
160 3.06 2.55 0.99 3.09 3.31 2.53 2.01 2.30
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3.2 HAUBNTUATRIRNSNSEAUATSISL JTEen
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mass los 5, Mg
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Temperature 150 0 Temperature 16l C
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wiguuuefieaglunasinunnggunvunae 603 Shore
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(1)
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Hardness, Shore A
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= FIUAUNTIIATTIMAIMA 60 = 3 Shore A

'
a
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ARERTGLRTCPRIR AL AN
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a"mm@ﬁﬂmmmmuuﬂwLﬂ@ﬂuuﬂm”l,ﬂmwmmﬂm
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15042 °C WAy 25+1 U 1mmﬁwmqmmﬁmmmﬂmu
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3.3 uarpsiauazlSunuasisaaanlan

grutiiflunnsAneieantsunanisld Zno way
714 ZnO-nano powder NALNY ZnO TugmsensnInsgIw
ﬁ‘ﬂ‘l/l 5 memmmmumLLa”ﬂ?mmmmsmmfa'aﬂvlfmm@mm
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wihAiiuisansnsziusaial fiseuazansiaziu nsgn
Bumuanssnifinain liduaudlFuuensgannau
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E 200

2 150

£ 100
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Femperature 150 O Femperature 160 O

= oS0 2025 loss 2iHLA 1960 .2 6.4
B oS 1511 151.3 153.8 142.0 1529 150,48
uIn3 1823 168.9 1787 197.5 1311 1933
mfoCe 1217.5 14 317 1384 4.1 1153
nfnCe 1237 20T 110.6 1378 137.9 1179

= § 20 IR A INA 180-220 mg

'
=

717 5 navesttinuaziiunadddeanlafeAniming
wasuwlasldneudsnsdng
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