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Fig.1 Scanning electron microscopy image of surface morphology (A) and energy dispersion spectroscopy

pattern (B) of hose blooming
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Fig.2 Reaction of vulcanizing active stearic acid with zinc oxide
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Fig.3 Chemical reaction of tetramethylthiuram disulfide during vulcanization
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Fig4 Quantitative proton nuclear magnetic resonance ('H NMR) spectrum of hose blooming. Solvent is CDCl;
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Fig.5 Two-dimensional diffusion-ordered spectroscopy (DOSY) spectrum of blooming



%3 SRICHE A G ARE AR IR ] o 2 T R 1l 70 409

20 A% S5 R R R B v ) Y JEAE 1.24 ppm AN TE G, IF HW {55 2000, S 30 BRI 1% BORH 52 ) il
G, (A H S0 4 IR B AR i 4 s 5 s B TR o v )

fRHEFR MBT K55 , I HAZ RIS 0506 He i, 76 DOSY ik kil 24545

454 DOSY 5 'H NMR ] XHR-A i s vErf A T3 | 2 E A4S B IRIE SR E . ZDMC, MBT
FAR I B B, AR R 4544 WL 4, BT TH NMR & i PRI B P 2R a4, R LB E R
2.4 BENHYSEISESN

HRAE TH NMR ik 4 Fdy I i 45 N A R A, nT A5 AR D S A A BE R HE, 90T B o7
TR AR T A IR Ll AR AP SR TR A, ME LA R 4 B 2R B8, (LA pl A ) R SR
FRJEARRG3  SADLAS H AR B A A RE R 8. H T RERR IR B A i AR AR A FH 2 . ZDMC |y B MBT 1Y
FFEW LR EIEAANZ T, i, AR A (2) o] IS AT B B 9 EE IR HE o

niimpinsingins = (L/4): (1/12) 1 (I/4) : (1/3-1,/2) : (Is/2—1,%x15/2) (2)

oy nos na. ong Flong SR EEIS RS . ZDMC. MBT. ARJREST 3 i 1 H 3 0107 H 35 A9 A o B8 /R
B L. L. L L AL 3 BEAR R R FEAR B B H 36 (6=2.33 ppm) . HIJE(6=3.46 ppm) . HHI (6=
7.30~7.46 ppm) . FHHE(0=0.87 ppm) FLIF 3 (0=1.24 ppm) AR FME

A R T AR AR 2] nynping inains=1.00:1.67:1.39:4.51:12.92, HAH Y 5 1 BE IR Bofe
PIARIN B BE /R o, R4 28 3 (3) BV ] 45381 £ 2H 40 AE Wt 75 HH 1 i e 35 1

myimyimsimy =(n<XMy) : (npxMy) 1 (n3xM3) : (n4x15.0 + nsx14.0) (3)

Hf, myy my ms B my 205 AERRBREE . ZDMC . MBT FIAZ B 54t AR B 20 8%, My M, 1 M5 4y
FARERSRREE . ZDMC F1 MBT 594> T (632.30. 305.84 1 167.25 Da), 15.0 F1 14.0 g F FEFNF FH AL Ay
JEE IR BT it

WA AR BIEARREE . ZDMC, MBT FISE B 47 s AR XS BT i 5 0 38.9:31.5:14.4:15.2,
T ARG B i L AT A BRI S Th A DT R W o L, AR DT ER BT BOR i, BE AT A2 CL 0L S
1 Zn B HAE R 5.70:0.44:1.28:1, 5 SEM At iU 2 IO T KA LB (6:1:1: 1) KEW) &, 5
UE T R R 7k e 1
2.5 WEFESRIENLEI S

T FIREER T HEAS AR S 0 R AR AR R . ZnO TEAR R HPoxE, Ry T v LA e
BRALZCR ) Zn0 T 965 S SN AN, ZnS , K28 A LAY ZnS S HERE R K207 A BB RS BRAE s BALIEZER] TMTD
R AL R o= A A S s e A AR AR 1 1 SR AR Hh 2 A i B A R S R
WA, T AR TC R RUE A7 MG 5 A ZnO SN Je A OB (= 3 AR a3 R ) B
(ZDMC) , H45 SCHR [ 33-34 11R3H , FOW A8 ZDMC 55 TMTD 1 ZnO B IR K 5 . R R
T ERRRREE . ZDMC . MBT DL AAR KB 3 i i A EPDM AR . B85, iR AR I v
fif BEREATS , a8 B RN DR AR AP S st R v 320 ) AR R R THE R AT 1, T i 4 -

3 #it

Wit 'TH NMR 5 DOSY #4544, 708 T EPDM #2082 1 W6 RR AU RS> , 45 SR 01 | HoAw & Bl JE R s |
ZDMC . MBT SR §rs | I dht i 1 s FE A BT LB . ASHF 284 B I B s TR A W 2 e X H:
T St AR AT B -l e R o ) R

References

[1] CHEN Long. China Elastomerics, 2020, 30(6): 7-11.
M. BHEAA, 2020, 30(6): 7-11.

[2] YANG Yong-Qing, MA Xiang-Yu, WANG Xiao-Long. China Powder Sci. Technol. , 2021, 27(2): 87-95.
Pk, BT, /N e, hERRER, 2021, 27(2): 87-95.

[3] LIU Yang. China Elastomerics, 2016, 26(1): 77-81.
XV, B, 2016, 26(1): 77-81.



410 oy k2 5551 %
[4] MA Hai-Rui, LIU Xin-Liang. J. Rocket Propul. , 2009, 35(6): 41-46.
I, XUHTR. KEifESE, 2009, 35(6): 41-46.
[5] GAO Yang, ZHANG Jin, TANG Zhi-Min. China Rubber Ind. , 2022, 69(3): 222-227.
E, dkit, FERRE. B Tallk, 2022, 69(3): 222-227.
[6] MA De-Long, ZHAO Hong-Xia, CUI Ting-Ting, LI Yun-Feng. Tire Ind. , 2022, 42(6): 351-356.
Oy, RAE, E5E5, ZEalg BTk, 2022, 42(6): 351-356.
[7] LI Hai-Yan, LI Shu-Juan. Rubber Sci. Technol. , 2014, 12(2): 46-48.
ZRUGANE  ZRUUE. IR, 2014, 12(2): 46-48.
[8] CHEN Jian-Jun, ZHAO Rui-Qing, XU Kai. China Rubber Ind. , 2021, 68(1): 63-65.
MRt s, B, tREL. AR Tl 2021, 68(1): 63-65.
[9] SHEN Shen-Ji. Spec. Purp. Rubber Prod. , 1982, (2): 48-52.
DR, FERMSUR R A, 1982, (2): 48-52.
[10] ZHANG Hai-Chao, XU Yao-Dong, ZHANG Xiu-E, CHEN Jin-Yang. China Rubber Ind. , 2016, 10(63): 623-625.
SRR, VPR, SRR, BRI FH. B Talk, 2016, 10(63): 623-625.
[11] DONG Cai-Yu, ZHU Kai, LV Jia-Ping, CANG Fei-Fei. Rubber Sci. Technol. , 2016, 14 (2): 44-47.
L RYL, BN, &K BRFBHE, 2016, 14(2): 44-47.
[12] SHARJ-SHARIFI M, TAGHVAEI-GANJALI S, MOTIEE F. J. Polym. Res. , 2020, 23: 111-124.
[13] WON]JS,LEE J M, LEE P G, CHOI H Y, KWAK T J, LEE S G. J. Mater. Sci. , 2022, 57(2): 1489-1505.
[14] ZHONG Z, PENG L, SU J, LUO Z, HAN C C, HUANG X, SU Z. Soft Matter, 2022, 18(45): 8605-8612.
[15] DENG Zhi-Wei, LI Jing, XU Mei-Feng, LIU Peng, GENG Zhu-Feng. J. Instrum. Anal. , 2012, 31(9): 1081-1088.
AR, B, VPR, I, Bk, ST, 2012, 31(9): 1081-1088.
[16] CHEN Xiao-Li, LYU Wei, SU Qiu-Cheng, FU Juan, MO Jia-Mei, LIU Qi-Ying. Chin. J. Magn. Reson. , 2021, 38(2): 277-290.
WRIGERN, B4, IRBKAR, 1108, S50, XIS, Yk, 2021, 38(2): 277-290.
[17] PAN Jian-Yang, ZHAO Fang, LI Wen-Zhu, QU Hai-Bin. China J. Chin. Mater. Med. , 2022, 47(3): 569-574.
e ds, BO7, 22308, BRI, PIEP2Z%GE, 2022, 47(3): 569-574.
[18] ZHAOY, GAO L, LU H, LI X, TU Y, CHANG T. Polymer, 2022, 213: 123202.
[19] YOUYL,LIFF, WANG N, WANG S Q. Molecules, 2021, 26(6): 1751.
[20] ZHAN H, HAO M, FENG Y, CAO S, NI Z, HUANG Y, CHEN Z. J. Phys. Chem. Lett. , 2021, 12(3): 1073-1080.
[21] LI Ang. Spec. Purp. Rubber Prod. , 2006, 27(5): 49-50.
255 FERAG I, 2006, 27(5): 49-50.
[22] TIAN Yi-Wei, CHEN Shao-Kai, MIAO Zhuang, CHANG Lu, HU Tao-Tao. J. Xi'an Univ. Art. Sci. (Nat. Sci. Ed.), 2010, 13(3):
83-86.
H S, BRI, Bt w3, SAVETE. PO SO B Al E ARFIAAR, 2010, 13(3): 83-86.
[23] SUN Feng, XU Hui-Pan, WANG Ruo-Su, TONG Yang-Yang, KANG Ning-Wu, Al Jian. Chin. J. Anal. Chem. , 2022, 50(3):
465-471.
PR VFEEE, EAIR, MR, FE TR, SCME. Srprikas, 2022, 50(3): 465-471.
[24] MONDIN A, BOGIALLI S, VENZO A, FAVARO G, BADOCCO D, PASTORE P. Chemosphere, 2014, 95: 379-386.
[25] YAN H, HUANG Z, CHEN M, LI C, CHEN Y, GAO M, LEI A. Org. Biomol. Chem. , 2017, 15(39): 8276-8279.
[26] NAGY E M, SITRAN S, MONTOPOLI M, FAVARO M, MARCHIO L, CAPARROTTA L, FREGONA D. J. Inorg.
Biochem. , 2012, 117: 131-139.
[27] PREGOSIN P S. Magn. Reson. Chem. , 2017, 55(5): 405-413.
(28] MALLOL R, RODRIGUEZ M A, HERAS M, VINAIXA M, PLANA N, MASANA L, MORRIS G A, CORREIG X. Anal.
Bioanal. Chem. , 2012, 402(7): 2407-2415.
[29] GUO C, YARGER J L. Magn. Reson. Chem. , 2018, 56(11): 1074-1082.
[30] GIUBERTONI G, ROMBOUTS G, CAPORALETTI F, DEBLAIS A, DIEST R V, REEK N. H, BONN D, WOUTERSEN S.
Angew. Chem. Int. Ed. , 2022: €202213424.
[31] DENG H, GONG G, LV S, CHEN Y, ZHAO Q, LIU S, CHEN S, WANG L. Org. Chem. Front. , 2022, 10(2): 317-326.
[32] BAKKOUR Y, DARCOS V, LI S, COUDANE J. Polym. Chem. , 2012, 3(8): 2006.
[33] KRUGER F W H, MCGILL W J. J. Appl. Polym. Sci. , 1992, 45(9): 1545-1556.
[34] NIEUWENHUIZEN P J, VAN DUIN M, HAASNOOT J G, REEDIJK J, MCGILL W J. J. Appl. Polym. Sci. , 1999, 73(7):

1247-1257.


https://doi.org/10.1007/s10853-021-06694-4
https://doi.org/10.1039/D2SM00765G
https://doi.org/10.1016/j.polymer.2020.123202
https://doi.org/10.3390/molecules26061751
https://doi.org/10.1021/acs.jpclett.0c03549
https://doi.org/10.1016/j.chemosphere.2013.09.049
https://doi.org/10.1039/C7OB02036H
https://doi.org/10.1016/j.jinorgbio.2012.09.004
https://doi.org/10.1016/j.jinorgbio.2012.09.004
https://doi.org/10.1002/mrc.4394
https://doi.org/10.1007/s00216-011-5705-9
https://doi.org/10.1007/s00216-011-5705-9
https://doi.org/10.1002/mrc.4753
https://doi.org/10.1039/D2QO01691E
https://doi.org/10.1039/c2py20054f
https://doi.org/10.1002/app.1992.070450906
https://doi.org/10.1002/(SICI)1097-4628(19990815)73:7%3c1247::AID-APP19%3e3.0.CO;2-F

%3 SRICHE A G ARE AR IR ] o 2 T R 1l 70 411

Application of Nuclear Magnetic Resonance Technology in
Component Analysis of Blooming on Rubber Product Surface

ZHANG Wen-Hao', LAN Ying-Jia', LU Cheng-Hua’, SUN Zi-Yuan’, LU Huan-Jun’,
LI Xiao—Hong*l, TU Ying—Feng*1
Y(College of Chemistry, Chemical Engineering and Materials Science,
Soochow University, Suzhou 215123, China)
*(Su Zhou Hua Dong Rubber Industrial CO., Lid., Suzhou 215000, China)
3(Jiangsu Key Laboratory for Micro and Nano Heat Fluid Flow Technology and Energy Application, School of
Physical Science and Technology, Suzhou University of Science and Technology, Suzhou 215009, China)

Abstract Scanning electron microscopy (SEM) coupled with energy spectrometry (EDS), quantitative proton
nuclear magnetic resonance ("H NMR) and two-dimensional diffusion-ordered spectroscopy (DOSY) techniques
were applied to analyze the composition of blooming. The EDS results indicated that the elements in the blooming
were carbon, oxygen, sulfur and zinc with the mass ratio of 6:1:1:1. Quantitative 'H NMR combined with DOSY
strongly convinced that the main precipitates of the blooming were zinc stearate, zinc dimethyl dithiocarbamate
(ZDMC), 2-mercaptobenzothiazole (MBT) and rubber protective wax. Their corresponding mass content ratio was
38.9% : 31.5% : 14.4% : 15.2%, based on which the content ratio of element C, O, S and Zn was estimated as
5.70 :0.44 :1.28:1. Then the possible formation mechanism of blooming was proposed. ZnO reacted with S to form
ZnS, followed by the reaction of ZnS and stearic acid to generate zinc stearate. Moreover, tetramethyl thiuram
disulfide (TMTD) could react with ZnO to produce ZDMC during the vulcanization stage. The DOSY and
quantitative "H NMR spectroscopy were used together for the first time to analyze the components of blooming
mixture on the surface of rubber products, which opened a new avenue to analyze unknown mixtures.
Keywords Ethylene-propylene-diene rubber; Blooming; Quantitative proton nuclear magnetic resonance;
Two-dimensional diffusion-ordered spectroscopy
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