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Abstract: Nitrile butadiene rubber (NBR) is widely used in various industrial fields due to its excellent oil and chemical
resistance, so the application of an appropriate crosslinking system is essential to optimize its properties. Therefore, the
effects of peroxides and crosslinking coagents on the physical properties of NBR compounds were investigated in this
study. NBR compounds were manufactured by varying the types and contents of 4 peroxides and 3 crosslinking coagents
and were produced in crosslinked sheet form to investigate hardness, tensile properties, and aging resistance in air and
oil. When the same amount (3.5 phr) was added, the NBR compound containing butyl 4,4-di(tert-butylperoxy) valerate
showed the best physical properties. The NBR compound containing 1 phr of trimethylolpropane trimethacrylate as a
crosslinking coagent showed the best physical properties. The results of this study can be used as basic data for the
development of NBR compound materials with excellent physical properties.
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Figure 1. A simple chemical structure of NBR.
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Figure 2. Chemical structures of the peroxides: (a) DCP; (b) DDPH;
(c) DPIB; (d) BDPV.
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Figure 3. Chemical structures of the crosslinking coagents: (a)
TMTPMA; (b) TAC; (c) ZDA.
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Figure 4. Preparation of an NBR compound and fabrication of a sheet sample using the compound.

Table 1. Compositions of the NBR Compounds Tested in This Study

Material (phr) \ Compound Code Cl1 C2 C3 C4 C5 Co Cc7 C8 C9 C10
NBR KNB35L 100.0
Carbon Black N660 70.0
Activator Zinc oxide 5.0
Stearic acid 1.0
Plasticizer DOTP 5.0
Processing Aid WB222 1.0
Antioxidant RD 1.0
DCP 35 - - - - - - - -
Peroxide DDPH ) 33 ) ) ) ) ) ) )
DPIB - - 35 - - - - - -
BDPV - - - 35 3.0 4.0 35 3.5 35 35
TMPTMA 0.5 0.5 0.5 0.5 0.5 0.5 - - 1.0 1.5
Coagent TAC - - - - - - 0.5 - - -
ZDA - - - - - - - 0.5 - -

Za)v, A)4978 A535, 20254
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Table 2. Physical Properties of the NBR Compounds Tested
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Stko] 3.5 phrZ YA Aejolld ZitalEo] FHol e
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in This Study

Properties (Unit) \ Compound Code Cl1 C2 C3 C4 C5 C6 C7 C8 9 C10
Hardness (Hs Type A) 82 82 82 81 78 84 83 77 82 83
Tensile Strength (TS) (kg/cm?) 194 185 164 200 185 168 190 177 191 185
Elongation at Break (EB) (%) 150 130 110 175 200 115 170 200 180 190
Hardness increase (point) 11 10 10 8 8 8 11 12 8 9
grlgit%ge ieli; TS decrease (%) 53 51 41 35 37 34 49 48 29 33
(72h@140 C) EB decrease (%) 70 68 59 70 72 74 67 77 70 73
Compression set (%) 21 23 19 25 28 22 27 25 25 27
Hardness decrease (point) 3 3 2 3 3 4 2 4 3 3
Aging Test TS decrease (%) 17 9 7 7 7 17 18 6 7
(in the Oil)
(72h@120 C EB decrease (%) 14 6 5 15 16 15 14 20 15 17
Volume increase (%) 2 3 3 3 3 3 2 4 3 3
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Figure 5. Effect of peroxide type on the physical properties of the NBR compound; (a) hardness, and tensile strength and elongation at break;
(b) hardness increase, tensile strength and elongation at break decrease %, and compression set after aging test in the air; (c) hardness decrease,
tensile strength and elongation at break decrease %, and volume increase % after aging test in the oil.
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Figure 6. Effect of BDPV content on the physical properties of the NBR compound: (a) hardness, and tensile strength and elongation at break;
(b) hardness increase, tensile strength and elongation at break decrease %, and compression set after aging test in the air; (c) hardness decrease,
tensile strength and elongation at break decrease %, and volume increase % after aging test in the oil.

Polym. Korea, Vol. 49, No. 5, 2025



600 g - i

7hA| oA FFH R 7P 99 459 NBR Huk
TE vi=E 207 3 E BDPVE o] NBR Hule=
o] B4 9 s} Aol wX= FEFS FA AT Table
20 F2]¥ NBR U= C4-~C62) B4, =3} &4 to]
B2 Figure 6] 2 =2 Vel om o]Z nlgloE BDPV
o] 3F=Fo] NBR Hufe=e] B4 vXe IS w4815
BDPVY]| o] S7igtol| wet HAE7} $ S7tete 73
kS W AT 3.0 phroll A 78, 3.5 phroll A 81, 4.0 phrollA]
842 F7Fekt). A== 3.5 phroll A 200 kgf/em?ZE 3
A5 71531592, 4.0 phrollA] 168 kg/em®E 23|87+
asleE A4S YeRiTE I8 3.0 phrollA] 200%2 7t
- ig=
7] % =3t Alg 23}, 3.0~4.0 phre] BDPV & 9
oM Ax W= A9 fle A= Yeith A=
8-S 4.0 phrolld 34%E 7P 2R 78-S Blth
A& Hekg-2 3.5 phrolld 7P w2 ke BT 97k
E5E2 BDPV o] S71EE adhe A3 BT
3.0 phellA] 28%E E55-2 4.0 phrollA] 22%=2 Srolxth
2 = w3} AIF A3}, BDPV $Ho] S71sk nE Ax
Hsle] zfole UATH A= F gtil & Wsks HA|
BDPV 3 S7hel M FElsh 2fol 7t A=A ettt
THA =2, BDPVE &go] F71el met Hre A&
Ao g Fketal FHilge A &Aoo THasiglon Q1%
7dE= 4.0 phrollA 7P =2 3 BAth 7] F =38} Al
HollM= 7twA| o] S71ErE s E=aEel 4a
iAo, 0 T =3t AdolAe 7 F STl w
£ FEigh Zjol7t veREA] ettt wEbA] 3.5 phreflA] NBR
Avkro] o] 7P £ 2108 dAdE BDPV 3
o] Z7Hel mel Arrt wolxl AL 7k Wxrt 7t
=02 HRATE 4.0 phrol|A] Aoz Ee)4 Addo] 7+
Ak AL FAsHE 7tankeo] FEe 52t o8 71
FHkgo] WAE] Wi o2 dpge] 7hwAl Hrke A 3L
2 ARE S-S Austar olF A et ZdS A st
o A} ARES] EElE sk ] Wil Zlo= ket
7ln=d| R0 ME A #He} rluzAls JitsE vt
WA 2o A 422~ FZ(hydrogen abstraction) HH3-of] <]
£

a

A il B do

o)z APAIA 7hL BhE St WS I e
WSS wAY SRR ARl 7K} Ho] F7t TtaE

AR EZN IsHE 7h 288 T 9L gtk
BT 7hiTze ThEAe] sheky 28 etz wke
el wheh DRt i zAl s FikskE 7k =5 7t
wEES TIWHEE SO A 7 U= type [ 7R
ZA9} T =T FES W= type 1 T EAR B
o} Type | 7HZA 2= AEAlge] 54 48 & F A
=4 954 ola 8| o] E(multi-functional acrylate), ™|
ElZHY|o|E of| 2F (methacrylate esters) % T]de|on|=

ox fr &

o

Za)v, A)4978 A535, 20254

(dimaleimides)”} &17]°] &3}, Type I 7}l 22A= type |
7t zAlel vls) oz v weAdS 7K guZe
PAATNAL e S Zhom ) RREe] et 83 s 2k
4| AloFrElo]E (cyanurates), 01l el E (isocyanurates),
1,2-Z2) 5l <l (1,2-polybutadiene)o] 1710 Z3hc} 224

Tt zA o] A 0] 0.5 phrE LA Aol A type |
(TMPTMA, ZDA) 2 type II (TAC) 7FazA9] E57o) W
NBR Hie=2] 24 HslE golr] 918l Table 20 A2]€
NBR #HI2E 4, C7, C89] B4 % =3} 34 Ho|HE
Figure 70| 2= =2 Yeldl oy o]& nlgto g 7w zA 9]
F57F NBR k9] EAof nlxe J3S 438150

AEE TAC7E 23E AZo] 8302 /M =k,
TMPTMAZS X33 2L 81, ZDAS ¥313F A& 772
= TMPTMAE X33t 41&0] 200 kgy/
™, TACE E33 AZ9] 190 kg/cm?,
ZDAZ X33 AlZo] 177 kgfem’E LERSTE Shchal S0
A= ZDAE X3sh AlEo] 200%2 7P =4AL, =
Z33 AEo] 175%, TACS X3S 20 170%= Ath3
o7 vo vk gS Hth

37 T =35t AF A3, Hx Wshs ZDAS X3 Al
o] 12 pointZ 7P & W}E BN, TACE X33 WS
11 point, TMPTMAE X3+ AZL 8 pointe] W3l WY
o}, AT HElgolE TMPTMAS ¥3H AlZo] 35%
2 7P w2 HsE o, TACE X33t &2 49%,
ZDAE X3 MEL 48%2] Wsls HAn). ghilg He)

Jut

i

3+t MZo] 67%, TMPTMAS %33 Al
Ut T USERES TACE Y

E93L, TMPTMAS X873 AlE3) ZDAS X33 4SS
Z}z} 25%% YERsT).

29 & w3} AE A, Ax Hil= ZDAS XE3 AZ
o] 4 pointz 7P & W= =
2 point, TMPTMAE ¥3§3+ A1Z-L 3 pointe] WH31E el
ok AT TAeS ZDAS 33 HZo] 18%E 7FY
3L, TACS X33t A2 17%, TMPTMAS E§sh 2o
%2 71 A YEbET oiil s HEksoA = ZDAE
Z5RE AEo] 20%2 7P 2 HASS HIoH, TACE ¥
k3l MZS 14%, TMPTMAS 233+ A4
Yok A4 Hske-S ZDAS X3t

THHo=E, TACTt 235 AEL 7HE 52 HEe) w2
FAlg-S JeER O™, TMPTMAYF £3Hd AMZo 71 =
2 7F=et AES S S-S YERATE ZDAYY 23
AL FA R Ge FEd QT B =2 e
HAY, 371 2 oY F =3} AlFelA] TACTH X3HE A&
TMPTMAZ} X3 A1Ee]] vlal o & &4 wskE JEpl
o} WAl TMPTMAZF 7H8 §344Q 7F3A| 2 A=



HikskE 2 7w A7 NBR HakeEe] 40 njxls 9% 601

300
200 190 200
200 175 170 177
81 83
- I I - I
o] | ]
TMPTMA TAC ZDA
OHardness (Hs Type A) Tensile Strength (TS) (kgf/cm?) ™ Elongation at Break (EB) (%)
(a)
100 7
80 0 67
60 49 48
35
40 25 27 25
20 8 1 12
S B H O
TMPTMA TAC ZDA
OHardness t (point) TS 1 (%) BEB | (%) W Compression set (%)
(b)
18 20
20 15 & 14
10 7
0 = — = |
TMPTMA TAC ZDA
OHardness | (point) TSL (%) ®EB| (%) ®Volumet (%)
(c)

Figure 7. Effect of coagent type on the physical properties of the NBR compound: (a) hardness, and tensile strength and elongation at break;
(b) hardness increase, tensile strength and elongation at break decrease %, and compression set after aging test in the air; (c) hardness decrease,
tensile strength and elongation at break decrease %, and volume increase % after aging test in the oil.
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Figure 8. Effect of TMTPMA content on the physical properties of the NBR compound: (a) hardness, and tensile strength and elongation
at break; (b) hardness increase, tensile strength and elongation at break decrease %, and compression set after aging test in the air; (c) hardness
decrease, tensile strength and elongation at break decrease %, and volume increase % after aging test in the oil.

2 F =3} AlFoME Ao & Zol= glert 1.5 phr
oA Ftalg WHelgo] S7I8IH O RRZ 1.0 phr T3] 7}
7 A%t 2o Aot TMTPMAS] 3 571 A Q17
737 Yol A, dfilgo] EolRE e HAE, ol
FHFoZ H7FE TMPTMAS] B3} 7)o 7]Qlgt Aoz vt
TGETE? TMPTMAE €4 o5 A%S 7K1 )9 vld71&
7 AL e, ol W'l o8 YAHoE WelE v
th 5% S WS 25 AREC digk TMPTMAS] A7t
H-g-o] FAlo HgE 4 JANE, TMPTMA $go] 71
TE 55 T we= 571 Bl wets TMPTMAZE
S AR ZEAISRE| AL AL ALE Atele)] ks ¥Adshs
BES TMPTMA $Hgo] s Hojx|= 2o s vt
Q‘_q_‘zs

Z2H, A|4998 A|5%, 20253

4 =

SsFE FhaAsh FhaEAle] S5 2 @3] NBR A3t
2Eo] Bl nAE FFS BAsle] the g RS
ATt 35 phi FAT G| FIEL £ A 4 59

ksl Foll A butyl 4.4-di(tert-butylperoxy) valerateS-
gk NBR Huh=2] EA4d0] 7P 9=rsislom, o] 7haA|
o] kst A3 3.5 phroll 4] NBR Hup2= 4] 714
itk 0.5 phr2 FY3 ko] 7hwzAlE 7Y Al 3
9] 7tzA| FolA trimethylolpropane trimethacrylate”}
NBR #3p2=9] 24 ol 7P a4 0]len, o] 7l
ZA9] st A3 1 phed ol NBR Adpe=7t 7HE F2
48 YeERITh FitskE kA of TtazA| o] FR 2

3}
=4



ibskE 2 7kAl7E NBR Huheze] A6 vjXe JF

o] NBR 73heE A]ES’J 4o e FFL Y

10.

11.

12.

13.

Ol3i&E: A= olaidzel e ATk

. Cheremisinoff, Nicholas P.; Cheremisinoff, Paul N. Elastomer
Technology Handbook. CRC press: London, 2012.

. Choi, W. S.; Kim, G W,; Do, J. S.; Yoo.; M. H.; Ryu, S. H.
Thermal Aging Behavior of H-NBR/NBR Blend. Elastom. Compos.
2011, 46, 132-137.

. Li, D.; Park, S.-H.; Sur, G-S. Preparation and Mechanical
Properties of NBR/Clay Nanocomposite. Polym. Korea 2010, 34,
215-219.

. Yasin, T.; Ahmed, S.; Yoshii, F.; Makuuchi, K. Radiation
Vulcanization of Acrylonitrile-butadiene Rubber With Polyfunctional
Monomers. Reactive and Functional Polym. 2002, 53, 173-181.

. Vanderbilt, R. T. The Vanderbilt Rubber Handbook. RT Vanderbilt
Company, Inc.: Norwalk, 2010.

. Hashimoto, K.; Maeda, A.; Hosoya, K.; Todani, H. K.; Maeda,
A.; Hosoya, K.; Todani, Y. Specialty Elastomers for Automotive
Applications. Rubber Chem. Technol. 1998, 71, 449-519.

. Zhang, J.; Wang, C.; Zao, W.; Feng, H., Hou, Y.; Huo, A. High-
performance Nitrile Butadiene Rubber Composites with Good
Mechanical Properties, Tunable Elasticity, and Robust Shape Memory
Behaviors. Ind. Eng. Chem. Res. 2020, 59, 15936-15947.

. Stelescu, M. D. Polymer Composites Based on Plasticized PVC
and Vulcanized Nitrile Rubber Waste Powder for Irrigation Pipes.
Int. Scholarly Res. Not. 2013, 2013, 726121.

. Tu, J; Shi, X.; Kadlcak, J.; Yong, Z. Investigation on the Mechanical

Properties and Oil Resistance of Sulfur Cured Nitrile Rubber/

hydrogenated Nitrile Butadiene Rubber Blends. Polym. Eng. Sci.

2021, 61, 3050-3059.

Nimhath, A.; Ramesan, M. T. Comparative Evaluation of Oil

Resistance, Dielectric Properties, AC Conductivity, and Transport

Properties of Nitrile Rubber and Chlorinated Nitrile Rubber.

Prog. Rubber Plas. Recycl. Technol. 2021, 37, 131-147.

Choi, W. S.; Kim, G W.; Do, J. S.; Yoo, M. H.; Ryu, S. H.

Thermal Aging Behavior of H-NBR/NBR Blend. Elastomers and

Compos. 2011, 46, 132-137.

Lee, Y. S.; Park, S. H.; Lee, J. C.; Ha, K. Influence of Microstructure

in Nitrile Polymer on Curing Characteristics and Mechanical

Properties of Carbon Black-filled Rubber Composite for Seal

Applications. J. Elastomers Plast. 2016, 48, 659-676.

Kim, D. Y.; Kim, G H.; Nam, G. M.; Kang, D. G; Seo, K. H. Oil

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

i

603

Resistance and Low-temperature Characteristics of Plasticized
Nitrile Butadiene Rubber Compounds. J. Appl. Polym. Sci. 2019,
136, 47851.

Pazur, R. J.; Cormier, J. G; Korhan-Taymaz, K. The Effect of
Acrylonitrile Content on the Thermo-oxidative Aging of Nitrile
Rubber. Rubber Chem. Technol. 2014, 87, 53-69.

Hannifin, Parker. Parker o-ring Handbook. Parker Hannifin
Corporation: Cleveland, 2007.

Pianese, G; Milani, G.; Milani, F. Prediction of the Optimal
Vulcanization of a Fiber-reinforced Elastomeric Isolator Made of
Natural Rubber-ethylene Propylene Diene Monomer Blend. Polym.
Eng. Sci. 2023, 63, 2421-2443.

Dunn, J. R.; Coulthard, D. C.; Pfisterer, H. A. Advances in Nitrile
Rubber Technology. Rubber Chem. Technol. 1978, 51, 389-405.
de Souza, E. L.; de Sousa Zanzi, M.; de Paiva, K. V.; Oliveira, J.
L. G; de Oliveira Barra, G. M. Thermo-oxidative Aging of
Acrylonitrile-butadiene Rubber Gaskets with Real Geometry Used
in Plate Heat Exchangers. J. Appl. Polym. Sci. 2023, 140, 53419.
Babu, R. R.; Singha, N. K.; Naskar, K. Studies on the Influence
of Structurally Different Peroxides in Polypropylene/ethylene Alpha
Olefin Thermoplastic Vulcanizates (TPVs). Exp. Polym. Lett. 2008,
2, 226-236.

Nouryon, Crosslinking Peroxides for Elastomers and Thermoplastics,
Nouryon Functional Chemicals B.V.: Radnor, 2024.

Peidayesh, H.; Nogellova, Z.; Chodak, I. Effects of Peroxide and
Sulfur Curing Systems on Physical and Mechanical Properties of
Nitrile Rubber Composites: A Comparative Study. Materials 2023,
17, 71.

Henning, S. K.; Costin, R. Fundamentals of curing elastomers with
peroxides and coagents I: Coagent structure - property relationships.
Cray Valley: Exton, 2005.

Kruzelak, J.; Kvasni¢dkovd, A.; Hlozekova, K. Influence of
Dicumyl Peroxide and Type I and II co Agents on Cross-linking
and Physical-mechanical Properties of Rubber Compounds Based
on NBR. Plastics, Rubber Compos. 2020, 49, 307-320.

Martin, J. W. 1, 2-Polybutadiene Resin co-agents for Peroxide
Cure of Rubber Compounds. Rubber Chem. Technol. 1973, 46,
275-285.

Lee, Y. S.; Ha, K. Effects of co-agent Type and Content on Curing
Characteristics and Mechanical Properties of HNBR Composite.
Elastom. Compos. 2020, 55, 95-102.

. Kruzelak, J.; Kvasnicakova, A.; Hudec, 1. Peroxide Curing Systems

Applied for Cross-linking of Rubber Compounds Based on SBR.
Adv. Ind. Eng. Polym. Res. 2020, 3, 120-128.

Polym. Korea, Vol. 49, No. 5, 2025



