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12 , 5 4 )
Bruker Vector22 , KBr ; JEOL JSM RP , MF
6380L V ; VG ESCALAB MK X 132 PP
, Mg Kt (N =1 253 6 eV) , 2 , 75
240 W (12 kV x 20 mA) ; Ntezsch STA449C 12 h, ,
, 5 00 - min"*, (50 500) ,
; TE35 ;
CI50E ; Renishaw Invia 2
; HC2 ,
B/ T2406 — 93 ; CZF 21 MRP
-2 , CB4609-84 ; Meterler To- 1 RP
ledo TGA/ SDTA 851° , 20. 00 (DsO) RP , 330
- min"*, (50 900) 387 , RP 330
13 RP PP , RP : RP
131 RP P.Os , P>0s e
RP . RP RP ,
, 80 5% HCl MFP
5h, , 5 80 5% RP, KPS, pHS5, 25h
3h, , 5 388 ( 1) ; 9h,
, 80 12 h, 458 ( 2) , ,
RP : (1) MFP 25 KPS, HC  pH 3, 9h,
100 1 5 , 345 ( 3, pH
, 80 , pH 8 85, 95
25 min, 2 250 g RP , -
500 mL OP-10 ,
: KPS  MFP -
, 65 KPS pH £ 10/
1 5 .80 12h, 2
g
Table 1 Several important parameters of sample preparation 01
-5
KPY (g- L") pH /h 10 . . . . .
1 0 55 25 100 200 300 400 500
2 0 55 9 Temperature/ C
3 0 3 9 Fig 1 DSCcurvesat pre-and post microencapsulating for RP
4 0. 275 55 25
107
Table 2 Formulations of the flame retar ded PP composites
RP/ phr M H/ phr PP/ phr
1 0 100 = O]
2 0 45 100 £ .
3 0 50 100 S o/ S
4 0 60 100 E
5 0 100 100 .
6 5 0 100 =51
7 10 0 100
8 15 100 _10 . . . . .
9 10 60 100 100 200 300 400 500
10 15 45 100 Temperature/ C
11 15 50 100

Fig 2 DSC curve o melamine f or maldehyde resin (sample 5)
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MFP KPS,pHS5 5, 3 RP (SEM)
25h, MRP, RP , (05 6)
480 ( 4) , KPS Mm, RP , ,
MFP , RP : 2 4
2 MF( 5) DSC MF 365 ,
: MF [‘” , 1 3 RP
385 , ,
, MF , DSC
a( 1) 4 4 (FTIR)
. MF 4 ,1553 1489cm’
DSC ., MF , RP C—=N ,3419cm™* N —H
,812cm?

s, 000

Fig 3 SEM imagesat pre-and post microencapsulating for RP
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1 2924 2865cm*
—CH,— C—H 511200 cm™*
c—0—C , 1352
cm! N —CH, —N , 990
cm ! CH:OH el
, DSC
FTIR RP MF

Transmittance/%

KCPS

400 200 0

Binding energy/eV
Fig 5 XPS spectra of pristine RP and microencapsulated
RP: (a) prisgine RP, (b) sample 4

1000 800 600

4000 3000 2000 1000
Wave number/cm™! (1) MFP
Fig 4 FTIR spectrum of microencapsulated RP (sample 4) o )
H :
5 RP X (XPS) 9 )
, RP ( 53 P(2p 129. 7 eV , @ @
50( 4 P(2p) , 5b 3991 ; :
ev N (19 (2.4 XPS MF : ,
RP , SEM )
, MF ) '
NH, IIJI
J\ N— CH,0H
NZ n N(CH,CH,0H),, CH,0H
) )\ +3CH,0 : A - §F SR -
HN \N NH, )\ /H\
2 — HOH,C—N \N N—CH,0H
" i
I
N—CH,0H RO,
N ’N s N(CH2CH20HA)3, CH,0H PNy o
HOH,C— N)\ N ’J\ N— CH,OH /]\\\ J\
fII II{ (HOH,0),N N N(CH,0H),
(29 MFP MRP MH MRP
MFP , , (Lo
) RP ) , , UL-94
, MFP V-2 15(phr) MRP , MRP/ PP
MF, , , LOI 22% , MRP MH
, MFP , PP MRP MH =100(phr) 10
, (3) (phr) 60(phr) LOlI 24 5%,
22 MRP (Fail) MRP ,
3 PP

MH
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N(CH,0H),

(HOH,C),N N N(CH,0H),
22 Y Y
N [ ]
)\ /H ' \(///
\\
(HOH,C),N \N(CHZOH)Z

N
N(CH,0H),
(llHZOH
HOH,CN—CH;~O—CH,—N N N(CH,OH),
Nl
H', KPS
— 2 N N
A Y |N \( ®
gy
(HOH,C),N N ll\I— CH;~0—CH,—NCH,0H
HOH,C
PP MRP MH =100 (141 1594 cm*
(phr) 15(phr) 45(phr) LOlI 25 5%, FTIR
V-1 MRP , MH
50 phr LOl 26%, ,
V-0 : MH
H.O, H.O
EN
; » MH , RP g
@ é
, PP , %
; PP &
[8] ,
[9]

4000 3000 2000 1000

=)
Table 3 Hameretardant property of the PP composites Wiz I CH O

with different formulations Fig 6 FTIR spectrum o the residue of formulation

MRP/ phr  MH/phr  PPlphr LOll % UL-94

11 after vertical burning test

1 0 0 100 18 Fail
2 0 45 100 21 Fail
, 24001 G
3 0 50 100 21 Fail » |
4 0 60 100 215 Fail 20001 C
5 0 100 100 235 Fail 2 16007 A
6 5 0 100 195 Fail s A
7 10 0 00 205  Fal g 12009 FL
8 15 0 100 22 Fail E 800 1 " ¢
9 10 60 100 245 Fail .y
10 15 45 100 %5 V-1 | :
1 15 50 100 26 V-0 01 ' '
-400 : . ; .
500 1000 1500 2000
6 1 PP Wave number/cm™!
FTIR ,1462cm? —CHz2 — Fa7 R o the residue of f ati
i man spectra e residue of formulation
(101 2 922 2 850 cm ! —CH> — ¢ . .
(6] 10 and 11 after vertical burning test
, PP 1078
cm ! P=O P-0O ,
. 7 10 11 PP
1 (Raman) , 2
578 419 cm Mg—O , 1 1
(11, 12] 1580 cm *(G ) 135cm ‘(D )
MgO : , 3 000 B
» o 2 1580 cm
3 600 cm 1 650 cm O—H G

181 2953 1377cm’t CHs —
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; 1355¢cm™? pH , MFP KPS )
, D MRP DSC, SEM, FTIR  XPS
Tuinatra R D RP , KPS
G : R MFP ,
' R : ; MRP
, 11 R ) 480
081, 10 R 0 66, , :
1 PP : : @) PP
, LOI, UL-94, FTIR  Raman
, MRP MH
3 ,
PP MRP MH=100(phr) 15(phr) 50(phr) , MRF/
(1) , , M H/ PP LOl 26%, V-0
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Preparation of Microencapsulated Red Phosphorusand Its
Flame- Retar dant Application in PP Composites

JIAN G Wen-jun*? , L | Zhe-zhao? , ZHAN G Churrxiang® , FANGJin' , YANG Xujie' ", LU Luwde', PU Longjuan*

1. Key Laboratory for Soft Chemistry and Functional Materials of Ministry of Education, Nanjing University of Science and
Technology , Nanjing 210094, China

2. Changzhou Hongzhelan Wire and Cable Co. Ltd. , Changzhou 213101, China

Abgtract In the present study , the melamine-formal dehyde prepolymer (MFP) was first synthesized at pH 88 5 under about
80  with melamine, formaldehyde, triethanolamine and methanol as the starting materials. Subsequently , the microencapsula
ted red phosphorus (MRP) was success ully prepared by irnrsitu polymerizationat pH 5 5 under 65 , using M FP and red phos-
phorus (RP) powders as raw materias, and potassium persulphate (KPS as catalyst. The obtained products were detected by
differential scan calorimetry (DSC) , scanning electron microscope (SEM) , Fourier tranforminfrared (FTIR) and X-ray photo-
electron spectroscopy (XPS) . It wasfound that KPSis usef ul in enhancing the reaction activity of MFP, which can make RP be
well encapsulated by melamine-formaldehyde resn (MF) and reduce the reaction time. The DSC, SEM and XPS results show
that it won' t get well-encapsulated MRP only under acidic condition and without any KPS. When a proper quantity of KPSis
employed , the RP particles can be amost completely-encapsulated by MF and the peak temperature of oxidation reaction for
MRPis480 , whichis much higher than that of RP, extending the applicationsfor MRP. The FTIR spectrum demonstrates
that the coating material on the surface of RP accurately is MF, in agreement with the reference. Polyproplene (PP) composites
with different formulations were prepared by melt extruson. It was shown that the flame retardant efficiencies are very low
when the PP composites only contain MRPor MH. However , the flame-retardant property can obvioudy improve if MRP and
MH are both used in the PP composites. When PP MRP MH =100 (phr) 15 (phr) 50 (phr) , the limited oxygen index of
the MRP/ M H/ PP compositeis 26 %, and vertical firing ranks UL-94 V-0. |n addition, the possble flame retardant mechanism
of the PP composites has a0 been discussed , and further verified by FTIR and Raman spectroscopy.

Keywords Potassum persulphate; Melamineformaldehyde resin; Microencapsulated red phosphorus; Flame-retardant property
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