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Abstract

Project Code : MRG5580104

Project Title : A novel boron supported natural rubber (BSNR) for flame retardant material: preparation

and its properties

Investigator : Dr. Punyanich Intharapat Prince of Songkla University

E-mail Address : punyanich@hotmail.com

Project Period : 29 months (2 July 2012 — 2 December 2014 )

Abstract

Boron supported natural rubber (BSNR) was a rubber derivative containing boron atom
in its structure. It can perform via substitution reaction of the hydroxyl hydrogen from diol in
rubber molecules, which was generated from ring opening of epoxide ring, and boric acid.
The effect of mole ratio of [boric acid]/[diol unit] was studied, and it was found that the use of
[boric acid]/[diol unit] = 1.0 under reaction temperature and time of 60°C and 72 hr,
respectively, showed the maximum level of boron in rubber molecule of 18 %mole.
The chemical modification of natural rubber introducing boric acid in its structure with different 3
levels of 18, 15 and 4 %mole was coded as BSNR-18, BSNR-15 and BSNR-4, respectively.
They was studied physical and chemical properties such as boron element quantity, viscosity,
glass transition temperature and maximum degradation temperature, which these properties
increased with increasing boron quantity in BSNR. For further studies, BSNR-15 and BSNR-18
was selected to investigate because they contained effective high level of boron. BSNR-15
compounding was prepared for investigation of vulcanization systems (i.e., sulphur, peroxide,
and phenolic resin). It was found that maximum torque and torque difference using sulphur
system were higher and longer scorch time than other systems while cure time was shorter,

and cure rate index (CRI) was higher than peroxide and phenolic resin system, respectively.



Besides, vulcanization of BSNR using peroxide gave the highest modulus and hardness.
However, tensile strength and elongation at break was the lowest value. While, sulphur and
phenolic resin systems gave similar tensile properties. The effect of boron content in BSNRs
(i.e., BSNR-18 and BSNR-15) on cure characteristic and mechanical properties using sulphur
system was found that both types of BSNRs had similar scorch time and cure time while
minimum torque, maximum torque and torque difference of BSNR-18 were higher than BSNR-
15. In addition, modulus, tensile strength and hardness were directly depended on boron
content in BSNRs. For flame resistance property of BSNR-18 comparing with ENR-50 and
ENR-50 added 1 phr of aluminium trihydrate represented in term of LOI value was found that
LOI of BSNR-18 was 26 which was comparable to ENR-50 added aluminium trihydrate. While,
LOI of ENR-50 without aluminium trihydrate was the lowest value of 20. Hardness and
mechanical properties of BSNR-18 were higher than ENR-50 and ENR-50 added aluminium
trihnydrate excepting elongation at break which was lower. For ENR-50 added and ENR-50

without added aluminium trihydrate showed similar mechanical properties and hardness.

Keywords : Natural rubber; Boric acid; Flame retardant
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Tuvan mm%ﬁ@guﬁ ANNLRDETAANINNTOW oRIVERRERH e LAZAIIANLT U bl LT W

J9FITNTNG bANNFNAT (2)
1(3.49)

T, (%) = X 100 2)
1(3.49) + 1(3.36) + 1(3.84) + 1(2.73) + 1(5.17)

Lo 1(3.49), 1(3.36), 1(3.84), 1(2.73 uaz 1(5.17) Aa fdufinialiinauveinylaasanda
Tuassznaulusan 1113@1aum%‘uauﬁﬁmﬂamaﬂ%amaﬂ@aaa T 0uU09IILRIBAILT

Tivaaunadinsnninananlae LLa:Iﬂ‘mamaaﬁuﬁzfj ANNEAL
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4. MIATUULIADNNIBALRZLIITRAT bl
4.1 BNTWAVRITLULIAAN lnddaautiauadens BSNR

LASENIIABUNIIUG BSNR-15 I@Ulﬁ@j@liﬂ’]dﬁdLLﬁ@]x‘iI%@]’Tﬁ’Nﬁ 1 @IELATBILA

(2
a

A Aa % [ 6 ] s A o %
Nﬁ&lﬁadfﬁﬂﬂad‘ﬂqm%ﬂuu 70+£5°C I(ﬂUl%izuujaﬂﬁ‘l%‘ﬁu@m(ﬂ’]dﬂ% 3 3TUY A8 JTUUMUEDY

6 6 a a a & o wa [ [ va A
iZL‘L]E]iE]ﬂﬂVL‘Ii@] LRLITULUNUORNA LIDW ’ﬂqﬂ%%u’]vl,l]%’]ﬁNU@]ﬂWi'ﬁﬂﬂﬂ‘l%Gﬁ BRSRUUALDING

@131971 1 gAIEInaNnIIia BSNRs Ailgazuuian ludednig

Quantity (wt%)

Ingredients Sulphur Peroxide Phenolic resin
system system system
BSNR-15 100 100 100
ZnO 5 - 1
Stearic acid 1 - 5
T™Q 1 1 1
TBBS 0.5 - -
Sulphur 2 - -
DCP - 5 -
TAC - 3 -
Stannous chloride - - 0.6
HRJ-10518 - - 5

4.2 dnTwavesdSunalusanluens BSNR
Le3oue19 BSNR  aenluwemn AfiUsanmluson 2 326U fa BSNR-18 1z BSNR-15
I@Ui"ﬁgjmmaLLa:L’Jmmmaﬂumiwﬁ 2 Asaanludeeiiuzdu nasanuuAnmauanis
T luSuazgNiaLTInNg
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A13199 2 gmmmauwnmﬁ‘ BSNR-15 L8z BSNR-18

Mixing time
Ingredients Quantity (%wt)
(min)

BSNR-15 and BSNR-18 100 5
ZnO 1 1
Stearic acid 5 1
T™Q 1 1
TBBS 0.5 1
Sulphur 2 1

4.3 guAN1TAU IWDa 9819 BSNR
a o Aa ' a ' A A
L@3UNEN BSNR-18 Lazend ENR-50 78a7 Ll mmﬂamsmmmaa:guLuwvl,m"la
wIedua g W wWSsufsunueng ENR-50 71ludnmslasnsniiigin I@ﬂlfqmiﬂﬂal,t.a:t,aaﬂ
A Ao & o ° o ) & £ a en o en
minaNluanTef 3 Adaa luddroiazau nasannuuduglussdnmautifuesns ldun audd

AMNFIUNIUG NI TAA I LAS RN ALTING
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A135791 3 gmmoﬂauwnm’ BSNR-18, ENR-50 taz ENR-50 ﬁwauagﬁl,ﬁw"l,mvlmmm

Quantity (wt%)

Ingredients BSNR-18 ENR-50 ENR-50 with
Al(OH);

BSNR-18, NR and ENR-50 100 100 100
Zn0O 5 5 5
Stearic acid 1 1 1
Aluminium trihydrate - - 1
T™Q 1 1 1
TBBS 0.5 0.5 0.5
Sulphur 2 2 2

5. mﬁms’lxﬁua:ﬂmau RNUAVDIL

5.1 %gﬂﬂﬁ%’umdmﬁ (Chemical functional group)
%gﬂaﬁ%‘umaamaﬁﬁm’laﬁﬁmsé‘@LLﬂJﬂmaqaﬁaUﬂm‘ua'%ﬂ NAROUAIULAIDY
Fourier transform infrared spectrometer (FT-IR) 'g'u Perkin Elmer Model Spectrum RX lagin
wenenafovlaanuduud lazanudonaalswosundadauasuwLHS KBr  91nsinan i

v ° v { R o Aa { { 1
ua239n lnagauaioLaIad FT-IR lagldm197988unIaniavsaan 4000-400 cm

5.2 la39a19m191af (Chemical structure)

a

a 6 a a 6 An:l.d
ﬂ'mmﬁmmﬂsmmwgawan%@ lanoa wazlutan g NTITNTIANTNIIA
A o A 1 o @ ' Aa I3
LLﬂiI&lLﬂQﬂY\’NLﬂ&J drnana  H-NMR lagiindratnssnazarsludimaisaanaalinasy
(deuterated chloroform, CDCI5) i ldnageudisaIasiiafusuunuanislawuug (Nuclear

magnetic resonance, NMR) éu Varian unity inova 500 MHz
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5.3 ﬂ’lﬁmﬁzﬁmqimau (Boron element analysis)

]
%

3Lﬂi’]&‘ﬁ‘h”]QIU?@%I%EJ’NFSS&J"E’]&ﬁ@@LLﬂiI&ILﬂQﬂ@T’JElﬂ‘i@]‘]_la%ﬂ ﬁl’JULﬂ%ﬂ\‘i
Inductively coupled plasma optical emission spectrometer g"u Perkin elmer optima 4300 DV lag

i'ﬂmmLiuﬁumaaﬁwqiuiauﬁwulumﬁa

5.4 FNUAANNLRNYIABAINNTOU (Thermal stability analysis)

mMInasauaNUanNNLETuTdanNTaulasltiaIas Thermal gravimetric

analyzer, TGA 3% STA 500 lasnasaunsldaniziolulasawlSouiivuiufseandian 7

%

23 ] 04 . d al 1 ¥ Al J
3l @]3’1ﬂ'15vl1ﬁﬂ°ﬂﬂ\‘1ﬂ'15ﬁLVl'1ﬂU 20 ml/min ﬂ@aauﬁqmﬁgﬂu"ma 30-800°C lma@iﬂﬂﬁl,wu“nu

a "

ﬂnaaqm%nmmnu 10°C/min 31 mmwaLﬂumqanﬁmsamﬂﬁa wazidasiiuaa 29UNRINNT

U

FAHAIVDITUAIDEN
5.5 qmwnﬂﬁmimﬁwamumﬁ’]mLﬁ”’; (Glass transition temperature, T,)

a a v v a & v a a 6 =
qm%gumuﬂaﬂuamummﬂmem 89 ATIERAIULATAIAWLNDILTULT A

Funniiaaasiiaas i1 Perkin  Elmer DSC7 ’Lwﬁ’mqmﬁgﬁmﬁmezﬁmu@i 70 93 100°C

é’@lﬁmﬂﬁuqmwgﬁmaomﬁmsw:ﬁ WiNAL 10 °C/min

5.6 mm%ﬁ@yuﬁ
m@hmm%ﬁmﬁmﬁmadmoaumummg’m ASTM D 1646 nagausinLadad
Mooney viscometerI@ﬂqmﬁgﬁm‘*ﬁmaauﬁa 100£0.5 BIALTALTIR WazlAnINNTDUULALNS
Aeumsnasauiduian 1 wifl mnfudm@hmmmﬁmmmmé’omnﬁ‘[nma%mﬂmvlﬁ4 ety

MItuinaINNnitaaIsng waadluaunIn (3)

o
MV = xML (1-+ 4)100 C (3)
Taun MV da anunitayui
A ' A A o
X Ao A1nNURaTaIL1INE1wle
L fa lamasywalng
1 fa szuzanfnlwanuTonlig1IfawNIINaRaL
4 A8 TTu AN UAIANURIEA

100 AIALTRLTU A qm%gﬁﬁl"ﬂumimaau
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5.7 RNUANTIAAN L

Aa

NAFOLLINABNNIIBAAILLAIEI MD 2000 ﬁqmﬂgu 160 °C &J&lﬁ@] 17 WIATHAANS

1391@ (Torque difference, My-M,) °1h<iL’Jmaﬂmm%aL’Jmﬁmmmuﬂigﬂiﬁ (Scorch time, ts,)

waztas lwnyIaenbush (Cure time, tcg) MWNIAIZIH ASTM D 2084 — 81

5.8 FUUALIIA (Tensile properties)

AMUNUGAIUIIAI AINIINAFOUAINNIAIIU ASTM D 412 lapihunngns
e lwrnunaatduiunasauuwuy Dumb-bell (Die C) AXNE13 115 mm nd19 6 £ 0.4 mm

Wi 2 £ 0.2 mm  @NARTaILuINTY (Grain) WENYNINIAIFILLATINARBLANNNUADULTIA
(Tensile testing machine) lagltanasnnNTlun136e WAL 500 mm/min - ATFIWITH
ANUNUGABLIIAT (Tensile strength) TELITILUMIAITUNARBL AN IR BAUNRINAAVBIBNIABUTIN

2 A o P
NIIANLA QANIRUNIIN (4)

F
Tensile strength (MPa) =— (4)
A

lagf  F = w3 bilumsfsaudunasauauana (N)

(2 ] '
v a

@ M W o 2
A = AunnihaaSuausassnsrah bildba (mm)

Iugé’a (Modulus) f3ImaInaaNaIhIzHnINIANNAUAaANUAILA UL 9NN

ANNLAILA 100% AILRAIUENNITN (5)

o A A F
lugannizyziin100% (MPa) =" (5)
A

lagf F, = wiasivinlhensbaaanszaz 100% (N)

(2 ]
v =

{ NIEY 2
A = Aunnihaevasssnldlada (mm)

A . & A
mmmmsnlumwmmm (Elongation at break) WUNINagaUIzyzNIILAVDILNIY

ed o a

IR I(ﬂEJL“?‘]FJ‘IJLi‘j%Ll]ai%u@lﬂﬁ(ﬂﬁnﬂ'ﬂﬂﬁmﬁuﬁitﬂz 20 NANLUAT I@Uﬂﬂiﬂ@ﬁ@ﬂ'ﬁ%“ﬁ%@ﬂ?ﬁ’ﬂ
miwmaummwu@ial,mﬁa LAAzHINITIATZBZHAUNWAITIAAILT mmmﬁ’lmmvlﬁmu

qunm3fi (6)
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Elongation at break (%) =| ———— | X100 (6)

2

A Aa A a v
I(?’IEJVI L = i:ﬁzwﬁumaaummmmm"l,mlum@ (mm)

Lo = 8eMABANDIWYIINIINAROU (Mm)

5.9 ANUWDY (Hardness)
o s 1 t:lld =1 Aa A % <
mmamdmwumm%mﬂ‘szmm 6 D38 UINLUNT UNIAAIVLLY I@]Uﬂ@]
a 1 dl o ~ Qs 1 v
RIDNBVUDILATDIIAANIULYY Durometer hardness tester LLUU Shore A 8IUUGIDENIYT 1%

WINANTTHZAIINVALVRIMBE191IU TN 8 TAALIAT AUNIATFIH ASTM D 2240
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Nam‘mmaamaz%mmﬁ:

1. maassug s aninyweiulasas (Diol functionalized epoxidized natural rubber,
diol-F-ENR)
=) Ad‘d a a a 1
mimmwmaﬁimmwuvl,@aaammmmevl,@ﬂ@ﬂmsm@"laimvlaﬁﬁama\‘ma&
a 6 U d' Id o 1 aaa d a a
awanloanmuldannzinsadudiisljien Fnsunineandiauazgnlyslauauaziianis

A9 RIUDANTLIN ué’omﬂffuiuLaqamadﬁwmﬁ"l,ﬂLmuﬁl,ﬁmﬂuvl,@aaa é’ma@ﬂugﬂﬁ 1

Protonation . ./\ o,
* QO O
(]
+ H _—

Ring-opening of epoxide
H

G;’zl)‘) Q
[ ®

H
| ooy
Q ® A\
@'/\.- —_— I H \ P )
+ :(l)—H + H
H
Diols

Uil 1 Yisenmaialaseslasmadaisuniudwenloa

1.1 M7 Lﬂi’]Zﬁ’Iﬂ‘ix‘i ]3I N9LAL

’ﬂ']ﬂﬂ’]i(ﬂi’]ﬁ]aﬂlliﬂid FINAUINABA BN ITILIa AL ﬂI@]iﬁIﬂ‘ﬂ WU BUNIILTA

[ A P

o 4 : o { 1A
suneiu Sauaadlugln 2 InsUnnguouganiuiiddn de Mavadn 3470 cm Taduuny

o

A 1 a dl 1 A a ] aa 6

@@ﬂaumaawvl,amaﬂﬁmluvl,@aaa 1wummvluﬂs’mgLmug@ﬂaumﬂmﬂumdﬁmm@aw an leq
v A A Ao ' 14 g A o

waNINRIINUMIAARITBIRAMIgANAUNG A 870 cm Taidlunisganfuvasiiusz C-0-C

slu%iﬁwaﬂvlsﬁﬁ Aiannmsuansumnaendisuliiluleses Eﬂﬁ 3 uaadtaiaaadn (O) vas

%

819 diol-£ENR-50 @9isngiafiugasianansaindaguedlases fia Wan O winu 3.74 uas

o

347 ppm ®EAARBINUGIWALIvRIlUTRanvaIASuaunAany laasanFauazllsnauvad
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aaa

' a {ia o . 2 a £ o
ﬂ%qaﬂiaﬂsﬁﬂﬁ@l@ﬂu tertiary ﬂﬁuauamau LL@$§JWJ']3JL°]J3J°]Ja\‘iﬁﬂLW&J?J%@I’]NL'J@"ITYWY]’TIJQT]?U”I

A L A ' A A =< a aa & g A A
AWIWAU TI92 WUNANLFAIDINITH LD b1ITITNTIGaWan l1e  wananNBhaInuNan O

WiNNY 2.70 Waz 5.14 ppm LLamﬁaIﬂmaumamyj’ﬁwan%ﬁ LLazﬁuﬁz@;maamaﬁﬁuma

oh

48 h

346953

3469.93

40000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400.0

3UN 2 Bunnisasidaniuvasens ENR-25 faaudsluanalddlasas Aviannavid jised o,

48 uaz 72 T2l

e f 4
P T .
W—[—CH;—C:CH—CHQHCHg—C\—,CH—CHz-]-I-CHg—CI:—TH—CH:—{—"‘ﬂN
4
© oq‘ CH f
a (I/
(©) c d
A /N
(b)
N WA

6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5  ppm

{ 1 @ { o 'y o {
311 3 H-NMR siaaiuvadsns ENR-25 ﬁ@mLL]JSI&JLaqasl%ﬁ"l,@aaamzflmama:ﬂ'm A3

UfA3e1 (a) 0 Talus (b) 48 Talas uae () 72 Talua



1.2 ﬁ'ﬂ’ﬁwamaaé’@mmumaanwvxla%ﬁﬂ@iaﬁ%iﬁwaﬂ"lmﬁ

19

’mnmiﬁﬂmaw'ﬁwamaaé’mwmﬂmUhlmlaa[mwla%ﬁﬂ]/[ugﬁwaﬂ%ﬁ] Winnu

0.5, 1.0 uaz 2.0 landdeslfufAsendudulamuszoznnfidwuada 0, 1, 3, 5,7, 12, 24,

48 uaz 72 samaaizaslfisennaidarsuniudwenlad amunsausasaizui 4

31

u

Al
N

%

]

18.0
@ [formic acid]/[epoxide group]=0.5
16.0 O [formic acid]/[epoxide group] = 1.0
O[formic acid]/[epoxide group] = 2 g
14.0 + O
o
. 12.0 1
Q@
© 10.0 4 O
IS
N (o]
=~ 8.0+ O
§= e}
o 6.0 -
)
4.0 - DB °
o]
20 8 ° °
m]
OO E:D_._.T. T T T T T T T T T T
0 6 12 18 24 30 36 42 48 54 60 66 72
Reaction time (hr)
(a)
30.0
25.0 [ )
523 .
—~ g -8
© O o b
20.0 O ®
S
EQ, m]
o 150 o o
3
= O
o 10.0 — . g
o @ [formic acid]/[epoxide group] = 0.5
©
< 50 O [formic acid]/[epoxide group] = 1.0
o
Lgl} O [formic acid]/[epoxide group] = 2.0
0-0 T T T T T T T
0 3 6 9 12 15 18 21 24

Reaction time (hr)

(b)

NawmnIadanyananloddng g funansiujizen

4 ANUFNAUTIZAI (a) USanlaeaavad ENR-25 (b) ﬂ’%mm%iﬁwaﬂvlﬁﬁﬁmaa ENR-25
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d = { = J { aAaa { v 1 =Y [

3U7 4(a) usasdTanmlaseafiiiadunnadjisonla guilelddadiu (nsawasing[ny-
a 6. c.l' 1 n' g 1 n' J 1 v oa n' J
dwanloa] 1 0.5, 1.0 kaz 2.0 WU MIANFAFINVBINTALNNIY §INaliUSulaaaatRadn
v dl | [ J ‘ﬂl t:ll ca' ‘3‘ 1 v a 6 A A v &
dro Midwsuiiiasananniaidisivaz ldusldnganenladiianadasuninldisuszann
L @ { & a £ | . oo \ a >
Juldifswdulaseaindu udtivednalsinnunislddandiu (naymydwanled] iy 2
sanadanafoungananladldidulaseaginindanniaymydwenlod] wiviu 1 o9
[~3 v ] & & a%’ dl' 2 ai a 1 v a aaa v a .
Lanaginn Neanaiiosnnann dsumnsanunniiunasnaginaliiialisudnafiss (Side
reaction) Lt NMILAAIIRAINAILIU URENIRUNRUBIUATEN (gﬂﬁ 1) wananit Mslansalu
a L= 1 1 v v J v o e a a
USugedisanadanissnaninaananendld sanundudis dwniudanunyanenlodly

A . . - a WA

p98wanlodlugy 4(b) wud aaasaudanadin [niawasinymyswenlod] Aadn lasan

%y;'ﬁwaﬂvlmﬁgmﬂﬁwvlﬂLi‘ju"l,@aaaﬁfw,aa

1.3 Sw'ﬁwamaaﬂ%mmﬁgawaﬂ%ﬁ

>

nndayatiidu anzfiminzanlunindatsunindwenlod da dandiu
6a a 6 ] o a a o‘ai
lasluavasnsaveiinymyawan’lad] ity 1.0 lasulsdSanmngawan’ladn 25% (ENR-25)
Az 50% lua (ENR-50) uazdansiulaslusvaipilneanlesauywysweanled] wviviu 10
{ o aAaa ur/ = { =) ‘3
Nz lumsi§isen o, 1, 3, 5,7, 12, 24, 48 uaz 72 MLus Uiualaaaaiianain
madansumiudwen ladniitSinmngananlodisuduuand i 25 uaz 50% lua ugadlugy

A5

@ ENR-25
95,0 1| OENR-50
@ 200
o O
£
=
S °
p 15.0 o o
= 0
S 100 o °
o °
o
5.0 - °
Oo
°
0
0.0 0O—— ; ; ; ; ; ; ‘ ‘ ‘ ‘

0 6 12 18 24 30 36 42 48 54 60 66 72

Reaction time (hr)

%

{ e a 1 a { a J d 1
3N 5 ANNFUNUTT=R YT laeaaniaduluens ENR-25 waz ENR-50 Naasaiw [n3a

wasiiny[wyjawanlad] vy 1.0
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A a a a a 6 a A a & '
3‘].]1’] 5 LLama‘nﬁwamaaﬂimmwawaﬂvl,smmaﬂimmvl,@aaamﬂmu WUIT NIT

v Y
& < A A

QI =) a v =) ﬁl J a =Y
quﬂimmm%mwanvl,m fINa LR laaaalAalNuTw NIBlibasnianlaaaatiaainnisiila
a & o 3 a a a 6 ;3/ o (% a =y
AumInzasnyinenlod denunsiviinamyinenloduniuildmunsafanmadalsunn
a & (% 13‘ a A a 6
uaztialulaaaalauindn lagsnd ENR-25 Uaz 819 ENR-50  LAan1itatunindwanlad

wWanwiulasasldgege tindu 16 uaz 27% lua MszezinamMaujism 72 Talug

]
[

2. mim‘%ﬂumamswm@ﬁmuﬂﬂuLaqaﬁmm@ua‘%ﬂ (Boric acid supported natural

rubber, BSNR)
2.1 ms‘i LA $‘Vﬂﬂid a‘s”’mma LA ﬁ

LOTUNRIIRZANLENY  diol-FENR-50 Tutaasz lalasiiimw lagianaainaiwlayly

a

aUBI[NIALEIN][IaBaa] ¥INU 0.5, 1.0 kaz 1.5 NIUAILANNLSI 150 SaUGaUT Ngannil

u

60°C Usaslwdfisondiiudaluamuszozanndvueda 0, 1, 3, 5, 7, 12, 24, 48 uaz 72
109 RRINBUILAILNALLUNIBAR a4 IR azaatNainIaaITtainivRaaan i e
mavlﬂaml,ﬁoﬁaqmﬁﬂﬁ 60°C 1Jwaa1 24 Talau9 e lalddianzdensmana FT-IR ey

"H-NMR

3468.93

40000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 4000
cm-1

311 6 BunssamunaIuves (a) BSNR uaz (b) diol-~ENR-50
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3UN 6 usasduWIesnATNLeIu1I BSNR WU d9ngunumIganaud
0 @ -1 1 4 = ) ' ' '
fAwfo 1357 cm WAz 1040 cm 6’1%Lﬂumiammuaummuaﬂmummma\myl B-O lag'ly
wulmmu@@ﬂﬁué’aﬂm’ﬂuma diol-£-ENR-50 ﬁaLi’lumiﬁ_ia%d']ﬁa::mamaﬂmauagﬂﬂmaﬁw

% > U U a JQ/ A dl -1
mamﬂmm@LLﬂﬂmomNImaqamUﬂ‘i@maiﬂ wannidilinguaugandui 3507 cm” lu
é U = 1 a 1 g: { o 1

219 BSNR maamﬂaaanumﬂamaﬂsﬁamadm& B-OH uazlaaas TUNIUDUQANAUNAIUNAIS

1 4 = o a { o ' '
870 cm %aLﬂuﬂwsgmﬂﬁumaawuﬁz C-0-C sl,umyawan%ﬁﬁmmmﬁaaglumﬂIﬂﬁIwLaqa

= 10
BSNR w0 N
B——0OH
1
1 3 o 5 9 0O
7 n
_z X '
m n OF&GEH p OBH q
5
9
10 3
A 6,8
T - 3
ENR-50 1
2 4
4 A A JUW
10 9 8 7 6 5 4 3 2 1 0

5141 7 "H-NMR at/na3u89 BSNR waz ENR-50

o

' 1 o ' o { o '
JUN 7 usey H-NMR sinaiuaas BSNR wudt dningiedmagfidiuvis e

%

Adadun iy 3.5 ppm  usasiialiinauvesnylaasandavasansdsznavlusan -B-(OH),
uaﬂmnf:ﬂ'oﬂﬁﬂgmﬂﬂm%'&lﬁ S iy 3.35 ppm uaz 3.76 ppm Gesaandasnullsnauvas
i lansandavaslaaan ~C-OH LLazIﬂi@aumaaﬂ1§uauﬁﬁ%gvl,aman%amnmnﬂmaLm'mﬁ
wan'lod Tagdunisfiamanitazlivsngadlumdnaiuuessns ENRS0  Fatstldindns

P o
UNUNY aamsﬂizﬂauiu5au1u1ﬂsaaiwaiuLaqamo
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2.2 9enan3vaIlisen

nmsdansdninavesaandulaslusvainsavain)[lesss] winu 0.5, 1.0
uaz 1.5 lagldufnsenduiinldenuszozafidimuefa 0, 1, 3, 5, 7, 12, 24, 48 uaz 72

Tlu9 saeaaizasl iz uaaslugin g

20 ~
@ [boric acid)/[diol group] = 0.5
187 M [boric acid)/[diol group] = 1.0 A
16 4| A [horic acid)/[diol group] = 1.5
A [

D 14 -
—g |
33 12 T
-
10
=
c i
g ° .
S
(1] 6 -

4 A A

- .
2 4
O “lh. 1 T ¢| L] T T T T T Ll T L 1 1
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Reactiontime (hr)
sUN 8 anwFuRusznivlSnalusauiunamahljisen Adanaiulaslusvas

[nsaue3n)/[laaaa] L¥inny 0.5, 1.0 uaz 1.5

lﬂl =) 1 dl =) J dl a aa ﬂl YU 1
UM 8 usasUTuranyluseuniinduninardjisonlagiieldsadon
a 1 % 1 a 6 1
[nsauasn)[lasea] winnu 0.5, 1.0 waz 1.5 wuil USunawdasidudluavaslusouluaals
A £ o a a4 a X % a V@
luanasainduaudadiuveinsauainfiiiadn laamild  [nsavainy(lasea) iy 1.5
v 04 a 1 1 a 6 = ai o Aaaa
Iazdumaduvesmyluseugega iy 18.1 wefidudlaslua  Avianlunavidjism 72
77109 399890180 15.0 waz 4.0 wWosidualaslua Aslunsiydiden 48 uss 24 g

anuaau lasazldaltavag moﬁssumaﬁé’mﬂﬂuLaqaéﬁ HnNIUaINNNUTI el uTawlwany la
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luianasn46ng g 69t Ao BSNR-18, BSNR-15 uaz BSNR-4  udfisadnglafiony nasszazian
mdfnsen 48 1alus meldaniiemsld [nsaue3n)[lesas] Winu 1.0 waz 1.5 013
QI J 1 o a 1 U { =) aana L Q
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2.3 MINAFAUFNUGUBILNIFIINTIANG @LLﬂﬂmaqaﬁwﬂmua%ﬂ (BSNRs)
2.3.1 ﬂ’nwﬁ@yuﬁua:qmﬁgﬁﬂﬁﬁULLfT’J

A15191N 4 mm%ﬁ@yuﬁuazmqmﬁgﬁﬂﬁ’]ml,ﬁ’maoma

Compounds ML 1+4 (100°C) Tg (°C)
ENR-50 67.3 -30.1
BSNR-4 701 -28.4
BSNR-15 78.3 -19.5

BSNR-18 82.8 -16.2
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2.3.2 myllanimglusasu (Boron element analysis)

A19191 5 ﬂ%mmﬁwﬂmaﬂuma BSNRs

Compounds Boron (wt%)
ENR-50 0

BSNR-4 0.22
BSNR-15 1.68
BSNR-18 1.91
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A19197 6 ANYUNNTNIATIMITNUAIFIFA (Tay) V89819 ENR-50, BSNR-15 Uaz BSNR-18

Toax (C)in N, Total Toax ((C)in O, Total
Samples 1St 2nd 3rd char 1St 2nd 3rd 4th char
step step step %) step step step step %)
ENR-50 380 - - 0.32 348 484 - - 0.26

BSNR-15 268 384 412 230 252 374 396 540 2.18

BSNR-18 265 387 415 241 250 378 401 529 2.32
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A191971 7 ANBHENITIAAN Ll TTUUaI819 BSNR-15 Nlszuufinuznw tasaanlae waziuadia

L3
Curing system
Properties Sulphur Peroxide Phenolic resin
Min. Torque, dN.m 0.32 1.31 0.54
Max. Torque, dN.m 7.08 5.08 4.72
MH-ML, dN.m 6.76 577 4.18
Scorch time, min. 4.54 1.36 1.82
Cure time, min. 15.18 16.09 19.54
Cure rate index, min-1 9.39 6.79 5.64
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3.1.2 RNUALTING
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Strain (%)
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Altszuuiuzow taseanlad uazdnafa

A19197 8 FUUALIIAILAZANNUTIVAILNIIRA bkt BSNR-15 17807 luda85euutnuzn

wasaanloa wazinafe 135w

Modulus Tensile Elongation at Hardness
Curing (at 100% strain) strength break (shore A)
system (MPa) (MPa) (%)
Sulphur 1.52+0.10 16.55+1.15 64213 68+0.5
Peroxide 1.93+0.10 6.80+1.20 25913 70x£0.5
Phenolic resin 1.141£0.12 15.31+1.18 64112 65+0.5
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mﬂgﬂﬁ 15 mm‘magﬂma‘*ﬁaga%ﬂumiwﬁ 8 WU NNIIAA b9 BSNR-15 @28l
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3.2 dntwavesdSunmlusauluens BSNRs
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A9 9 ANBIZNNTIAT LT I8 BSNR-15 a9 BSNR-18 NIy uufnasnnh

Samples
Properties
BSNR-15 BSNR-18

Min. Torque, dN.m 0.32 0.64
Max. Torque, dN.m 7.08 7.65
MH-ML, dN.m 6.76 7.01
Scorch time, min. 4.54 5.07
Cure time, min. 15.18 14.05
Cure rate index, min" 9.39 11.13

Eﬂﬁ 16 LEAAIANHHENITIAAT bbTUDIL1I BSNR-15 1Az 819 BSNR-18 ﬁa;&aﬁﬂumz

o ' &
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BSNR-18 Jsuwhniilutiuinnin é’mﬁadmmnmsﬁ%%ivlamaﬂ%amaomsﬂizﬂaﬂmauﬁgmau
w1l lulasersne ﬁﬂﬁmmmLﬁ@é’umﬁ%mmﬂIuLLa:s:%’jwamUieﬂmaqamamﬂ JIUNIAN
a aaa % = 1 dll 1 1 a = 6 o Yo
WNaUPATeTaass o mimaﬂmszmwmmIsﬂaJLaqamﬂugmmwaowuﬁzamai Yinlen
6 a 1 1 g =} v A Qs o et 1
n83Av89819 BSNR-18  fiAgeni RIBINIRNATURLLIRNIAAT T RAINALALIN Y FIRTUAN

ATHAAITINNTIAAN U989 BSNR-18 W70 ﬁé’mwmsi’amiwﬁgaﬂ’j’] 19 BSNR-15
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3.2.2 FNUALTING
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illﬁ 17 ANULAK-ANULATDATEILTY BSNR-15 Laz BSNR-18

u

A19197 10 FNUALIIAILAZAM VLTIV IL19TAA bstern BSNR-15 ez BSNR-18

Modulus (at 100% Tensile
strain) strength Elongation at Hardness
Samples
(MPa) (MPa) break (%) (shore A)
BSNR-15 1.52+0.13 16.55+1.35 642+3 68+0.5
BSNR-18 2.93+0.11 18.89+1.30 53142 71+0.5
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3.3.1 FNUALTING
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Modulus Tensile
(at 100% strain) strength Elongation at Hardness
Samples
(MPa) (MPa) break (%) (shore A)
BSNR-18 2.931+0.11 18.89+1.30 531+2 71+0.5
ENR-50 1.34+0.15 23.97+1.53 7705 58+0.5
1.30£0.10 23.08+2.11 76845 58+0.5

ENR-50 with Al(OH),
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