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Fig.1 Schematic reaction mechanism of microencapsulation of

APP
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# 50 g APP 43T 200 mL Jo/K 2| 7£40 °C
S8 30 g BRIV ISR IN 2 R NI R AR I N
4 h, 28 B UV G A 3 BEL K 572 2 ol e 0 A SR8 Tl R
(Al-APP) ,
1.3.2 A EACR B 42 ( MAPP)

¥ Al— APP ] 200 mL Jo/K £ B4y 8, FHE &
50°C %5 10 g y-E I = AL S 4.7 g EK )
LA T /s 003 BE T N 2= s i AR &R b, FRE I N o
EBJS  RNE 5 ho FOSLEE A JE R RN B L BV
HE 3 G 80 CHET, Hil 1551 7K FHLIK B2 45 #4) T e
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1.3.3 AL ASHH
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125 °C /4 h JEATINEALAL PR e 208 H115 21 BRI
HEEME, BAEMERBCT LR 1,
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Table 1  Formulation of the EP composites
) m/g
LiRLER N
E-51 D230 APP MAPP MEL PER 1010
EP 100 30
EP/APP 100 30 21 7 7 0.5
EP/MAPP 100 30 21 7 7 0.5

1.4 MWK 53R

ML AMEH (FT-IR ) R AE R FHIEE Bruker
NHER ALPHA - C R B 20 S86 35, 3 i 54k
BRI A% APP Al — APP }2 MAPP H fF & it & 141
PEATARGIN , I %503 Bl 4 000 ~400 cm ™',

JCEAMHT (XPS) K 3E [E ThermoFisher Scien-
tific 23 &) 1) ESCALAB 250 5T % 73 #1{XX APP,
Al-APP ¢ MAPP #4750 K 7 #7, i H 150 W Al Ko
FRET A%

A T WU (SEM) AR SR H A 72
AJAY JSM7800F %Y 47 4 H 1 b T B W22 APP Al -
APP J¢ MAPP BIROIES , I L 10 kV

FRASKHE i A U SR FH A% [ Dataphysics 23 Al
1) OCA 15EC B4 fih i 522 SO0 U B AL AT /5 APP
(RSB AR AT ZRAE

HRFE M (TGA) R EE TA 22w 1) Q50
I T BTN EP  EP/APP 2 EP/MAPP B &
AR e RE HE AT I3, N, 4K, Wi 60 mL/
min, FHEHE 2 10 °C/min,

e B 42046 B0 3 R B B i VLT AR )
() JF -3 B S48 B0 7 4, #% I/ GB/T 2406—2009
HRR T R AT D, A 5 RST 100 mm x 6.5 mm x
3 mm,

TP (UL -94) Wk i FH R 52 VT 7 404
XA CFZ -6 RITE BB, R IE GB/T2408—
1996 #EATIL, A4S 100 mm x 13 mm x 3 mm,,

P PEREINR SR MTS Tl 2454 BR S 7 1Y
CMT4204 T3 Gep BHA ML, AR PE GB/T 1040—2006
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Fig.2 FT-IR spectra of APP, Al-APP and MAPP
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Al 2p; 117.5eV,Al 2s) ,iXRIE T Al - APP i I
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Fig.3  XPS survey spectra of APP and its

microencapsulation samples
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1k, XPS Kl i) APP K. MAPP ()3 [ T % & 43
Mras B ane 2 fion, 5 APP AHLEL, Al -APP 1 Al JT
o EIF, B3 T 30.48% ; MAPP H Si T E A i
1 1.33% ; APP RTHIH N JUE & 84 23.99% AR
WAL Al-APP H N TR F &N 1.53% , B4t
FEB B AL IS (BD MAPP) £ N L & & H
2.81% At N TR S DR RN ETRE L
Tk, SMHras W] Al - APP i Zh 67 AL O, , MAPP
R TS5 3RS B 16 0 ) NH, FE 4],
SCELT APP [URGE R U BELL

#2  APP Al-APP & MAPP ({3 T H & i
Table 2 Surface elemental composition of APP and its

microencapsulation samples

KE S TS5 %

H p N 0 C Al Si

APP  25.82 23.99 38.57 11.62 0 0
Al-APP 3.38  1.53 48.14 16.46 30.48 0

MAPP  2.85 2.81 44.95  21.66  26.39 1.33

2.3 APP_Al-APP X MAPP R EM IR
T EUHB SR APP 4 s R AL SR X i
JE#EAL APP HE4T SEM RAE , RAELE R ANE 4 PR,
M 4 BTLLE ), APP 2% 11 Bifl % R 2 Ak ihij ¢
PR B ARk (B APP & MAPP [FH H AR L
I AAE 15 ~20 pm JEFEIN, EE 4 (a) TR EE
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Fig.4 SEM micrographs of APP, Al -APP and MAPP
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Fig.5 Water contact angle on the surfaces of APP,
Al -=APP and MAPP

2.5 WEWMESESMBELNIIMNEER

WSS ER i [ A e b B RE T B AR I O
T A R PR AR AR AL NI E, AnlE] 6 B

8.0 (]
7

o ol
olnfo|in]

w|
in|
5

SR

r$ ¥ &I I I eI LT

I

Euasony

[/ (3¢ P PN (7Y
[nfo]in|ofino|t

)
I=

|

CESSSS.

=
ino)

LSS

=
=|

IRRIRRRIN

1
3471 cm™ 3 368 em™!
I E N

s

©
=

Lo
B

I

[ B L
4000 3500 3000 2500 2000 1500 1000 500 O
WA /em™

6 AL E ) EP/MAPP FREMIRLIAM G ST
Fig.6 Infrared spectra of EP/MAPP after different
curing times

MIE 6 ] LLE 916 em ™" 3368 em ™' M2 3471 em ™!
A IR ST 53 ) Sl B AECE BB AT B R R ) N—H L
J AR 2 v R B Y W ST s B [ A I ] 1Y) SE
o, BRAE A IR M 0 5 P8 0 sk 553 , o FH i o (1 e 1) 2
17, ECE R A8 S A B s>, & i i
FNBA AR AP 7E 4 h 5 Ak 50 ik T
2%, KSR NI iR B AR 2R & 8 S R,
RO R A S A AR W 2 1045 ARG R4 T 5 {H Bl
& [EAGET R RE A | A 2 rh 2 B 00 3 Bk AT [
AR ARG | AR B Ak TR . B 6 ik
Al LA Y TFHEIH T 3471 em " Kb Al 32 35 A i i e
o RS RS Th N—H YW e e B 45 | Bl
[T A I T 9 SEE - 550 5 1 WA WA W 8 7 30 T 1 54 , N—H
F14) I DAL A i 3 34 0 553 , i P [ bk R P R B 1 i
RN, T N—H 280 | 5 2 Fi o A Mg
Y45 A
2.6 MEWEESHMRNRIZESE

K TGA WF5E T EP FIIT il £ BLAR I A S 44
BHYIAPERE , 25 R AN 7 Fios

K7 W8 T EP B A ARG HAR 8 R R H



VA5 o FAT SN A Y R A e TR 48 4 ) 5 S 1 27

- -EP/MAPP
---EP/APP ¥,

e i v g g

L 1 L 1 L 1 L 1 L 1 L Il L 1 L
0 100 200 300 400 500 600 700 800

REC
(a) TGAHllIZ
25
20}
- 15_
O R EP/MAPP
1 -~ ~EP/APP
i 10 —EP "
= y
Koy i
N
4 Qs
Loz mie I,

0 1()IO 200 300 I400 50:) 660 7(I)0 800
REEC
(b) DTGk
%7 EP KFH#L EP B9 TGA I DTG HiZk
Fig.7 TGA and DTG curves of EP and flame retardant
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RHIZR PEAEERES TR 3 P, N,SAUF EP HA 1
ANRFEE G, JFIR T2 350 € H-45 51 F 500 €, X
T EP/APP Hl EP/MAPP, 1 Bk 784 BH AR 7] 1 #4453
fife, 5 EP A EC, WS I BEAA ) 5 35 B AIK T R0 46 40 it T
L, X SR BHER EP & A R S A I K BHAR
TR B2 I BELJR 700 32 T B B P R AR R 2
RPOKZERFEARTRESAR, EP/MAPP 1) #4053 fiff 1o
TR T EP/APP (1) 34 43 fift 1k A8, (H 24 I8 3 68 1
230 CHF,EP/MAPP & & 41 EHZ EP/APP J2 EP Bl
g, XJEM T Al O, & 78 & i F B Wl by &
R B R T A R Lk SRS A Y BRI,
MNTTTREAIG EP/MAPP 1) #RE il 5 5 I H 2833 SR
WAL 5 19 MAPP T EP B, B 04 #4638
A AT,

M 3 H EP/APP 1 EP/MAPP & & #1 K} 1)
TGA MR I A 1, EP/APP 1 EP/MAPP & & #1 K}
() Ty, (T 5% BRI EE ) 43 5I7E 280 C F1 319 °C
I EP ) Ty, 7 350 °C., 33X J2 K A B I 76 BHBR 570 14
fife il B2 5 EP AR, I Be 23 4 30 Fh 2 ik BELAR A % B
fift FE S MR R 50% B, EP X 1) 2k E
IR T, 4 380 °C , 1fii EP/APP il EP/MAPP 43 %1%}
N 382 °C 1389 °C , ¥ T EP, i /2 [F Ay i Ak AU BEL %%

Fe5 Al O, P [F B AR, W8/ 34 & 19 B, EP/
MAPP [#] 800 °C 5% 7% & Lt EP F1 EP/APP ¥ i 53 5
5 15.71% F1 1. 1% , 3 W] MAPP 1275 T2 & Mk
(181 5 BER X 246 Kt ARG i P A 3 SR A T T AR % [ BR A
PIRFE s, I HE R A ARG G S H ik,
EP/MAPP & & kH #4848 F EP/APP,
£3 4 BP KB EP (19 TGA it Hcde
Table 3 TGA data of EP composites with APP and MAPP

KRR Tsq/C Tsgq/C Thy/C o 800 CHRIEHE/ %
EP 350. 26 380. 01 374.05 6.72
EP/APP 280. 00 382.26 348. 34 21.33
EP/MAPP  319.57 389. 86 362. 60 22.43

T o IR T SH RN 7 19 2R TR
2.7 HERESESHMHBEREER IFERE
¥ EP, APP/MAPP PER  MEL FI4C % 7] 1010
IR 1 BORIT ke A%, I B E 2 )7
PERE, 45 R IR 4 s,
R4 EP K EP Z OB BLIRTERE Ky A1k fE
Table 4  Flame retardant performance and mechanical proper-

ties of EP and EP flame retardant composites

FIFSREE, Wi

RERAFE  LOV/% UL-94
MPa /%
EP 23.3 N-R 65.27 18.25
EP/APP 28. 4 V-0 33.84 7.36
EP/MAPP 30.6 V-0 43.03 11.76

N 4 MERZE T 0T LA Y Zead 40 78 i B
BRI e — e L8 TH#e, 20,
EP/APP & R 1 LOI fh J7 % 19 28.4% $2 & %
30. 6% , BHAABCR S R 5 5 T2 AR IS, SRR ]
W HTE R RN V-0 BRG], (HAK BR A48 50h
Bt 3 PR AR X APPSR AT 0P 1Y TR0 e 45
PRI AE S IR T A2 AL O, , 85 0 T M BHIR Bt 25
A R BEE T RARN I E R, X2 EZ S
BT SRR BELA 5 R 5 [ B PR T 3% 1A LAk Ak 2
MAPP 1] 2 53 AR 0 s Bk [ 4k, 38 7+ T APP 5
WERE B AR 2L, 52 B M RE A 7 A i B 0 DB 4 i1 R
I3 M 33. 84 MPa Hl 7. 36% 2 & & 43. 03 MPa #il
11.76% ,

i AL O, XF APP BEAT IR #EAk , — & m] LI
EEECENE, T2 AL O, AR Bl nl RIAE S —FBH
BRI, T AL O, U 5 76 6 B BH /K VE FH 14 1R] e 34 ]
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Fig. 8  Schematic illustration of the formation of a 3D-
crosslinking network in the EP/MAPP composites
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[} it B2 T OSSR PR A e R T T, a4 2R
=5 FE 9 Frs,

%5 MK 9 AJ A1, EP EP/APP EP/MAPP
T 43514 100.45 °C 97.31 °C \97.45 C, KRR
T BEIRGRE AP R T 08 A T B, 3 FPAFRHE 0 °C
(AR 43 531 R 2 678.7 MPa .2 737.1 MPa .2 746.2
MPa, fil A B 550 5 A RE 09 A 1 3 A 3R T, X T
EP/MAPP, [ MAPP R MR I S 5K R 1AL
I, AR B T, NN 5 R R A T i . B Ui
FER LT3 bR B & R %, DL EP RRERY
R e R, EP/MAPP T B 110 8 32 F /)N, U PR TR 4 v
MREES EP/MAPP & & BRI AT LR A i Y 0 B2 T
AR E T 2k RE . X2 MAPP RS
EP [{6A2HK W APP 43 F [ 7ESC B M 45, 3L

53k K APP 3 MELLIE B, PRI RIPERKR .

#5 EP.EP/APP J EP/MAPP ) DMA 45 R
Table 5 Thermal data for DMA for EP and EP composites

. 1 HE/MPa
RS r,/C
0C 75C
EP 100. 45 2678.7 1865.2
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EP/MAPP 97. 45 2746.2 2334.5
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Fig.9 DMA curves of EP and flame retardant EP
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2.6 45 TGA MK 45 FAFF ; WAL 10(c) ((d)
()2, T ARSI T APP BYER AR I 7E R B 5
FREE T AR 8% KLY 2 BRe T A i
FVARTT LI 2t SR A% R FLAG 38, £ 1 T Kb 1 ik
A7, PRI LS Jin APP 19 BELJZR 45 42044 i BELJA 12 BE AN
£ WL 10 (e) L (f) AT LA A I EP/MAPP BHERFR 4R
TR R B3 e 1) )2 S B BE AR e, 3 2 PR A R e B I ol
(B I AL B )2 55 I IR BH R B o JE AR5 6 3R T
2 B BELAA 2o J22 ) i B8 R 5 3 B | A itE A7 #i i 5 0 A
(AR, ST 0 1 )25 T A AR BH 1 B A 28 3, PRt
FORIBHAAE REAS BB L S5 ARSI ik ¢ 2
BT LRI, EP/APP AR R EE H #14R 1Y 3 mm
BERKCEN T 29 mm, KA R 295 9. 67 ; 1 EP/MAPP
R IR 3 mm IZKE] T 38 mm, BEIK A5 R 2
H12. 67, JERAT R IIE 0, I MAPP 7E FHAA A
AR RE P R IR BHAA SR L APP 4F

3 i

(1) AR M y- BN = LA b
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(2) 5 EP/APP #Lt ,EP/MAPP & & KK 11
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Preparation and application of reactive ammonium
polyphosphate microcapsules

WU Can SHI Ling”

(Beijing Key Laboratory of Preparation and Processing of Novel Polymer Materials

College of Materials Science and Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract : Microencapsulated ammonium polyphosphate ( MAPP) with amino groups on the surface was prepared by
using an aluminum sol as the capsule material and ammonium polyphosphate ( APP) as the core material and graf-
ted with y-aminopropyliriethoxysilane in the outermost layer. MAPP was then added to the EP (E-51) with mela-
mine (MEL) and pentaerythritol (PER) to prepare a flame retardant epoxy resin. Al, O, particles formed on the
surface of MAPP can participate in a ceramic flame retardant reaction and improve flame retardant performance. In
addition, the amino group on the surface of MAPP can be cross-linked with epoxy resin to improve the mechanical
properties of the composite. The results showed that when the amount of MAPP was 21 phr, and the amounts of
MEL and PER were 7 phr, the flame retardant performance of EP/MAPP was to V-0 and the LOI was 30.6%.
The mechanical properties of EP/MAPP were greatly improved compared with EP/APP | and the carbon residue ra-
tio and carbon residue morphology were better than the results for EP/APP.

Key words: ammonium polyphosphate ; microencapsulation; flame retardant
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