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Abstract

Preparation of reactive fire retardant, phosphorus containing maleimide derivative,
was carried out. Phosphorus containing maleimide derivative was synthesized by reacting
N(4-hydroxymaleimide), which was prepared from p-aminophenol and maleic anhydride ,
with diphenyl chlorophosphate. Phosphorus containing maleimide was grafted with natural
rubber , that was masticated for molecular weight of 3.8x10". Grafting natural rubber at 3,
5,7 and 10 phr of maleimide derivative was carried out using benzoyl peroxide as an
initiator in toluene at 80 °C for I hr. The FTIR and 'H NMR analysis confirmed the
chemical structure of the products. Flame retardation was tested according to ISO 3582-
1978(E) and the heat resistance was measured by TGA. The physical properties of grafted
natural rubber such as hardness, scorch time, cure time and resistance to liquid were
compared to that of natural rubber. It was found that they were very similar. The
mechanical properties of grafted natural rubber such as 100% modulus and tensile strength
were studied. The grafted natural rubber showed higher value of 100% modulus but less tensile

strength than that of natural rubber.
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412 MSNF8NLIIFITNBIANA (LNR)
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4.2 Mmam3enn-eziluiluea (p-aminophenol)

NO2 NH,
Zn /Hel
OH OH
p-nitrophenol p-aminophenol

111 p-nitrophenol 10 NS LAY ANEINZT 3 NTU IANBMIUDA 2 Haaans taz 10%
Aa aa = ng oA = ~ 1 g’ 9 o y3 A
HC120 diagans SWandh 60 esruwaiioa wiv 25-30 Wi Tusrahideu iloun
a a < [V ~
QUNNNNDI IAN 40 % NaOH duvedsazatenng anadisazaten 1aade ether (10-15
v v ' v
Haaans /59 3 a5 MR8 Anhydrous sodium sulfate AU ether 8ONN 40-43
=~ 9 A o d’ 9 A o
pamalied laansazateda ieanazneuluemueasy ldnsneudd

4.3 mamseulagly Polyphosphoric acid (PPA)

O
PPA , DMF
0o + —_— ‘ N OH
12h. , 80 °C
OH 0

Maleic anhydride p-aminophenol N-(4-hydroxyphenyl)maleimide
111 Maleic anhydride 21 N3N LAy p-aminophenol 24 nsu azanelu
9
dimethyformamide 70 DA77 W%ﬂuﬁﬂﬂﬁ]ﬂ‘”}LG]?JﬂiﬂIWﬁ‘V\I@ﬁWE]iﬂ(PPA) IUATY 20
A aa 3 = 3 9 2] = a IR o
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a oy o Sy ay S v
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4.4 MIAIEN Phosphoric acid 4-(2,5-dione-pyrrol-1-yl)-phenyl ester diphenyl ester

O H-O)

111 N-(4-hydroxyphenyl)maleimide 1.63 131(8.67 mmol) Fazaelu dried
tetrahydrofuran 20 ¥a@ans ttaz diphenyl chlorophosphate 0.82 4a8a#5(8.67 mmol) ¥9
azanelu dried tetrahydrofuran 5 4aaaas ANES triethylamine(8.67mmol)ﬁaza”lﬂclu dried

A Aaa ° Aaaa o Y %) A a9 I
tetrahydrofuran 10 Haaans Mlfaseriuneldanzme lulasnuigurgineuiunm
2 #2119 1amnsazawduaiayaznoudvueunas(NEL HCI) e liinalgasoniauugal

Qy BJd' a 9 = ) A A a d? o
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TuasazaronanIngdunag ehaemanludasdiu 3:1 U5uas 10 Jaddas iniag
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< ) ™ 1 ] [ 3 a
ANWSITOU 45 rpm enanFaudlalugesway vagauu 1 WA HaIMTAY
@ 4 an P [
puRUsINaD luanlsznoudeeanesaldnauiu 8 wid
~ ) A < ~ < ~Aq Y
an1gh 2. lsgavgilumsily 150 ssruwased AM5I50D 60 rpm A lF 1
= a [ @ 4 an I 9 [ [
MswHay 15 Wi Ysmmen 60 n5u tazeyiusige luanlszneudlsdeanesa 6 niu
d' < 1 z 9 d‘dw 1 [ @ 4
Wenaueas muMNIdesan1g lasehianyazvosens isunuansoywus
ana 4 4 [y a
a0 luanlsznaudreweanesa inamsuenle

4‘ o 9 a Q‘/ o = A Aaa o'/
o Ineansgns lasmsthesazatglulngdu 150 Naaans w5 $21u9

=

= Y o o A A P 9 AN YY
N 80 e urATeaua UM Iuozdlau tazdingizn Inassaseensiladie FTIR 151ng
[ " Aa o"o’/’ =
Nhimamsnslaniasansal
-
4.5.2.2 Mmamsanenansalagl¥enas3sNrAmalI(LNR)
= 7 ) v 1 ~ J a aa Y
M3@TeNe19nT AN 10 phr 111819 LNR 10 n5u laludinnes 250 dagansniela
[ 3 a o 4 aa P 9 [ [
annz lulasnu nasmiuaueyusvesnao luanlszneudloveanesd 1 nsu

o o aan I @ 3 o ' ~ A =~ ~
AU Ll,azmﬂgﬂimt‘ﬂunml G]f')IiJ\i Iﬂﬂlﬂﬂ@n'ﬁ]ﬂ’mﬂ’l\?nﬂﬂ 15 UM L‘WE]HJ?EJ“UWIEJ“U

Y
(%

wofiFudmansmdfinge 15, 30, 45, 60 U ﬁﬂﬁ’mw?mﬁﬁﬂﬂ@%ﬂﬁgﬂ?ﬂﬁﬂﬁwmmma
TuTngdu 150 fladdns wim 5 $2Tue 7t 80 esrtauwaBoe udriudrluesdlan uas
sz Tassadavesendilddae FTIR Using3ufansna s

mmfuﬁmﬁﬂﬂﬂ@ﬁﬂﬂmiLLﬂﬁﬁmmmmeuﬁuﬁmﬁﬁ”luﬁﬁﬂizﬂ@ﬂﬁﬁﬂﬂ@ﬁﬂ@%’ﬁ
1,0.7,0.5, 1Az 0.3 N fUsiinueenana s A 10, 7, 5, 48 3 phr MUAIAL

aaa Aa X J
Ugnsennibavulumsnnvdensdduanzansazaanazanizviaen



(0}

(0]
Free radical reaction Thermal reaction
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H Aaan { A -4 4 a
i 4.1 URATmevulumsnsmdessssumna
453 MsnagauaNUAFInaLaZaNTANIMEMNTHABUMNSINSLNTUAIBENT
Ay
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! ' . .
M5199 4.1 Mmsndinislumsaeuihasesssumnansvia

- = = 2
a151a3l gasn 1 gash 2 gasn 3
o’d' [
g1NI AN 5 phr 100 n3u - -
c’d' [
g19N31WAN 10 phr - 100 N3 -
#1953 UFANEIUNTUA - - 100 N5
Fafoon lud 5 5w 5 5w 5 nSu
nIAAAYTN 1 n5y 1 n3y 1 nsu
Antioxidant 1 n5u 1 n5u 1 N5y
RERER 40 n5Y 40 N5Y 40 NN
DPG 1.5 NN 1.5 N5 1.5 N1
[ J [} I [}
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4.53.1 MINATOUMIAY (Tensile testing)
MINATOUANTAANUAMUMUABLTIANUIATTIUASTM D412-98a M3ty
miﬁ15§umaaunﬁaﬁ’aam?mﬁa(tensﬂe machine) faunsosuTunaaouriadadiodaes
(sclf tightening) ANWEIaiuaefisns1 8.5 HadwaAs/ AR w30 500 dadwasAni uas

1 =] 1 A = 9 1 1 A
TIWITDOTULASUUNNAIUYA LAZLHLIIA hlﬂ’ﬂﬂNG]’ﬂLU’ﬂ\i

‘C\>

E
A

d‘ v Qy QJ
sUT 4.2 anvazFuNaTOULILUAVIUE

Y

v Y
M50 4.2 UAVDIFUNATDUANIUA

ua Type 2 (mm)

A AU (d1ea) 75

B Anunisiitlate 12.5+1

C ANNEVBILDUATINA 25+1

D ANYAIRUIUATINAY 4.0

E SanAuan 8+0.5

F 5adi 1dalng) 12.5+1.0
ANUHU 2+0.2

4.5.3.2 MSNATOUANUNYS (Hardness)
<3 =\ [V [V I A 9 a
ASNATOUANNLYULIUY Shore A MINAY 2 39K 3aMITus NI UsLaz N lsnan1s
v v W 1 [ < [ I Y 9 oy ] Aa A Y a ]
AUATAUIENINENAVIINNA 99192 2 1T UNINAAI8NT 15IMITNIT tie TFIRansguaIaa
I a 1 [
Tuena Tagnailunat 30 3119 901um
4533 ANUAIUMUABVBUTAD (Resistance to liquids)
9 ' g Y A A A
MINAADUANUATUNIUADYDUNAD d15aza1eNIFU 3 ¥iia A Ingdu 1aniry
waz lanas Tstimu Ui lilszana 5 Tadans wheandanh vuande 0.5 wudmag
' Y
917 0.5 UAWAT Jannuennnay, Jannunul, Fuihminneutazrawseely
v Y v v
asazaty, FRIMINUAaINMIBUNgUKYN 60 IrIFAIFEE UM 12 FI11e tazduna

’5ﬂ‘]&lﬂ!$"ll’ﬂﬁEIN!ﬁﬂ!aNﬁW‘iﬂ%ﬁWﬂ’hﬂNﬁmW?@ﬁﬂEl



4.5.4 ms‘nﬂaaunﬁﬂudamm%'auuaxaﬂm"!w
NMINATDUAINNINTTIU ISO 3582-1978(E) ﬂﬁ“l/]ﬂ’ﬁ@‘ﬂﬁ‘ﬁ1¢]1llll1@]i§1u ISO 3582-

1978(E) #aoglunanuin a.

5. NAN13IY
5.1 mﬁmfimﬁnimaqammmaﬁﬁumﬁ
5.1.1 msmf!mﬁ'niwaqa511mﬂNzaﬁ'&ﬁamﬁmﬁfniwaqauazmaﬁssumﬁmm
m‘i14nfmﬁﬂimaqammmaﬁiﬁwﬁﬁ'am‘imﬁ'ﬂimaQauazmmﬁwﬁmmha
Sadasms Inafiuanarety Tasviimsiasasns lnafianududuvesansaen rive
S suieunudnsins Ivavesditazaied1e75 Dilute solution viscosity 1a81% Ostwald
Fenske Viscometer 1@29hmssunalumsinasuiivesaisiunasaun/Yaais sinmany
nitafisa 8 il mﬁymﬂ’ﬂimaqamﬂammiéf?"qﬁﬂﬂﬁ Mark-Houwink-Sakurada
equation (Collins et al., 1973 )
M1 = KM,
[M] = intrinsic viscosity, K = 5x 10 *a = 067
M, = viscosity average molecular weight
ﬁwwﬁ'ﬂimaQammawﬁﬁiwwﬁﬁvhumimaﬂﬁymﬁﬂimaqa A9 386,000 (AANUIN N.)

Y
Wiin TuanavoIeNsIsNINALa Ao 15,000 (MANUIN V.)

a -
512  mMIaanzHlassadevesnn-azlluiueaniy FTIR
W131-0 0 TuWU0AYINURIPANADUINAD 146-148 DIAUVAI T
s I 4 a [} d A s I 4
Wosisuavoanannua Ao 31 1Wosisua

o

@ a = < I
aﬂymzmmwa1—a$u1uv\luamﬂummumﬁm
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Frequency (cm_l) Assignment
3340, 3272 N-H stretch in primary amines (doublet)

3175 sp2 C-H Asymmetric stretch
2500 Benzene substitution pattern region
1864 N-H Bend in primary amines
1614 C-H Bend in Nujol
1500 N-H Bend in aromatic amines
1200 O-H Dimers peak

5.1.3 MTANIZHINII0319U04 18U-(4-TansonBia)nad lue (N-4-
hydroxyphenyl)maleimide (4-HPM) ) @28 FTIR u#az 'H NMR
Bu-(4-leasondiliia)nas ludlisravesgarasumal  187-189 odsrusaifoa
S I o a [ d A < I o
1WosiFuaveINannua Ao 89 tlesiua

dNYAULYDI N-(4-hydroxypheyl)maleimide 1iuve e dudy
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~ a A 3 AN A aa J
M1519N 5.2 ﬂ311]ﬂLlﬁ3&Lﬂﬂﬂ1§ﬂﬂﬂﬁuﬂl@ﬂlﬂu-(4-1aﬂﬁﬂﬂcﬁwua)ll']ﬁﬂklllﬂ

Frequency (cm’)

Assignment

3483 O-H stretch in acid monomer

3100 sp2 C-H Asymmetric stretch

1703 C=0 stretch in unsaturated and aromatic acid
1447 C-H Bend in Nujol

1415 O-H In plane bend in alcohol

1270 C-N stretch in aromatic amines

1150 C-O stretch in alcohol

832 C-H out of plans

689

bend in para-disubstituted
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g‘ﬂﬁ 5.4 duvlusavednasu Phosphoric acid 4-(2,5-dione-pyrrol-1-yl)-phenyl
ester diphenyl ester

519N 5.3 mmﬁuamaummmﬁmm Phosphoric acid 4-(2,5-dione-pyrrol-1-yl) -phenyl

ester diphenyl ester

Frequency (em™) Assignment
2985 C-H stretch in -CH, and -CH,
2900 P=0 stretch
1722 C=0 stretch in aromatic acids
1518 C=C stretch in aromatic compounds
1465 C-H bend in alkyl chains
1300 C-O stretch in acid dimer
1242 C-N stretch in aromatic amines
1150 -C(=0)-N-C(=0)- imide
1047 P-O-C stretch
938 C-H out of plane bend in para-disubstituted
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! a @ oA 1
5Un 5.6 durlsusaanlnasuvesmanlSeumeunsns AN phr A1e9)

1]
ad

a)  HNIITUFIANNIUNTUA

o

o o s aa S o A
b)  sunsmlanveuiusvewnas ludndszneudlevleanesan 3 phr

a

o

’o s aa sa o A
o sunmlddueuiusvesnas ludndseneudleneanesan 5 phr

a

v a

d  snnsmdiueyiiuivesnnas luandsyneudevloaresan 7 phr
@ a

s a s o A
e) fmnﬁmmmuwuﬁﬁummaa”lmﬁﬂamauﬁ'wﬂaﬁﬂaiﬁﬁ 10 phr

q

a

d‘ a a v 7 Aaa A 9 v Ao 1
M319il 5.4 anSwavesllSinaeyiusueunas lwanlsznoudeeanesaniinase

aaa o o J @ 1 {
Ugnsemsnsmldlaslannuaumganauludasidiuil A, /A,

ﬂ%u1mnmﬁmgﬁuﬁmmmaaﬂuﬁﬁ Al A
sznoumeanearlesa
3 phr 0.055/0.257 = 0.22
5 phr 0.063/0.224 = 0.28
7 phr 0.071/0.123 = 0.58
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5.1.6.2 MSNATOUANNUYI(Hardness)
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FUAVDIY hardness
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51.6.3 ANNMUMUABVDUKIAI (Resistance to liquids)
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WSeuifieunudnsims lnavesiaiiaza1eaeds Dilute solution viscosity Taold Ostwald
Fenske Viscometer t@21hmsdunarlumsinaeunvesansiiurasauaiaals 1inainny
A Ao Y o o :j o £ A 1 .
nilania 18 I e vuimnin Tuanannaun1s¥esena1 Mark-Houwink-Sakurada
equation (Collins et al., 1973 )
ml = KM,
[MN] = intrinsic viscosity, K = 5X10_4, a = 0.67
M, = viscosity average molecular weight

v v Y
maed 0. uaesan I lumssruanmniminTuenavess9sssuna

] Y
nrumsuaaaimin Tuana

C t t n, Inl), D, n.. n,/C Iny /C
0.13 10.28 14.25 1.39 0.33 0.39 2.61 3.09 2.61
0.25 10.28 19.23 1.87 0.63 0.87 2.51 3.48 2.51
0.50 10.28 40.12 3.90 1.36 2.90 2.72 5.81 2.72
1.00 10.28 65.23 6.35 1.85 5.35 1.85 5.35 1.85

Fundamental equations

or=t/ty . (1)
nsp=(t-t)te . )
ninh = Innr) / C e 3)
nsp/C=[n]+KMPFC ... 4)

(Ing,)/C =[n]+K'[gxPPC ... (5)




nr f® Reduced viscosity, nsp fio Specific viscosity, Ninh fio inherent viscosity, C fio

Y v A A ' A A A ~
ANULVNVUUDIFIT S8 ) t Ao 33ﬂgnﬁ"ﬁ/]ﬁ']ﬁagﬁ']ﬂﬂ'l\‘lﬂ'll‘l‘ﬂ']ﬂa']ﬁ, t, D TYLLIAN

%

o ' A / . /!
Whagaeruazlals, k' Ao Huggins constant 11ag k' A0 Kraemer constant

nsp/cwie(Innr)/C

7.00
y =3.246x +2.77
6.00 |

5.00

¢ nsplc
4.00 P

3.00 y=-0.7767x +2.77 & (Innr)/C

2.00

1.00

0.00 "
ANUUVUTU(g/dL)

0.00 0.20 0.40 0.60 0.80 1.00 1.20

M Y H
s . madnanivin Tuanavew s T UANHIUMTUAR I8 Two Roll Mill

13N

® Y= 3246X +2.77

AuAUAD (1)) =2.77

ANUYU = 3.246

maEnzty ANuE = 1</(1‘|)2
3246 = K (2777
k/ = 0.423

® Y= -0.7767X + 2.77

JaunuAD (1) =2.77

ANUTU = -0.7767

maEnziy Anudu = k//(n)2

07767 = K 2777

k// = -0.101



v o/

ANUU k -k =0.423-(-0.101) = 0.524

/o o
nuuyg k -k Adszlmlsznm 0.5

9 ]
gasmyvniminluana (1) =KM", o K= 5x 10" a =0.67
40.67

277 = (5x10M™)

g 5540 = 0.67log M,

3.7435/0.67 = log M,
5.587 = logM,
M = 386,366

v
Y Y
v o

1 Y
asriuimiin Tuanavetsnsssunaniumsuaaatiminluana fe 386,000
V. MIHINHININENaVeENIEI TN IAIHA)

v v Y
Mg v, saaesmnlFlumsdnnuriimmin lianavesesssunamad

C t, t Nr InNr 1) sp 1) inh 1) sp/C In)r /C
0.125 9.66 10.05 1.040373 0.039579 0.040373 0.316632 0.322981 0.316632
0.250 9.66 10.45 1.081781 0.078608 0.081781 0.314433 0.327122 0.314433
0.500 9.66 11.35 1.174948 0.161224 0.174948 0.322448 0.349896 0.322448
1.000 9.66 12.45 1.285714 0.251314 0.285714 0.251314 0.285714 0.251314
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