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[l LA XUBKEES ) EP 38 APP 15 T &4 M
U (APP) 156 YR (EP) (1 B3 e 48 LIk 30, % He 7
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TE APP B4 7k Z b R B 51 A 5 U LS008 fig
R N2 I 5% 2 BT R, B2 26 BELASA 1

AR SC i R SR A 7E APP F B A SR (EP)
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FER B BH B AL T A R 2w Wiy A 5 35 44 B g
(E-44) VIR EBMIRT ; —RE Mk HEE, big
55— Ak 2F X0 2 w5 R A B B B A ) 1618
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S % RSO il & T MF {9 APP [
T & (MFAPP) . ] 250 mL = 1B )i i A 50
mL ZEK, B (10 g) ,37% HEKER (5
SRENEEEIR R 3:1) , H 10% Na,CO, /K%
WA R pH 2 8 ~ 9, B FE i 2 80°C, Rl X
N 0.5 h 8K 5 HIZE 1R AKKAR R C R 100 mL 5 1],
BRI MF R AR B . B 30 g APP i A AT 80
mL 2 FEM) = HBE P 7840 BB, A 24 mL MF
TREAKE R, HTIAR pH £ 3 ~4 FHiRE
80°C , fRIEMEFE 2 h, Hh I T 145 MFAPP.

SRJF L 30 g MFAPP 43 #{F 80 mL Z g, &
BRI & BE RN R 5 ff 0 E-44 ) 1 o HLT
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4, JHil 2 50°C 3% 1 i i T £ W R 04 1 AL R
DREFFAEPE A4 B8 01, DRI S N 3 ~4 b, B dih g
o ZE MR K | & B U R i, 78 60°C L5 T 1

12 h, BIF5 XU £ 22 1) 2R DR R B (EMFAPP) . 4% 41
IRUNE AN 1 TR,

Table 1 Formulation of the flame retardants

Flame retardant APP (g) MF (g) E-44 (g) Curing agent (1618) (g) Content of EP
EMFAPP10 30 4.11 2.53 1.26 10%
EMFAPP20 30 4.11 5.69 2.83 20%
EMFAPP30 30 4.11 9.76 4.85 30%

L3 iliEhl&

K E-44 5 B R 78 %36 T @ (1000 1/
min) A 15 min, J5 A B G 3 2) (m L,
Mg, =100:49.72) B HETE AR H 1 7E 90°C T
1L 4 h A b P A L B S R AR 2 PR

Table 2 Formulation of EP composites

Sample Flame
EP(phr)
code retardant/content ( phr)
EP 100 0
EPAPP-6 94 APP/6
EPAPP-7 93 APP/7
EPAPP-8 92 APP/8
EP-MFAPP-7 93 MFAPP/7
EP-MFAPP-8 92 MFAPP/8
EP-EMFAPP10-6 94 EMFAPP10/6
EP-EMFAPP10-7 93 EMFAPP10/7
EP-EMFAPP10-8 92 EMFAPP10/8
EP-EMFAPP20-6 94 EMFAPP20/6
EP-EMFAPP20-7 93 EMFAPP20/7
EP-EMFAPP20-8 92 EMFAPP20/8
EP-EMFAPP30-6 94 EMFAPP30/6
EP-EMFAPP30-7 93 EMFAPP30/7
EP-EMFAPP30-8 92 EMFAPP30/8

1.4 et

IR 43 #7 % AR it 20 50 S35 4% (FTIR ), RFX-
65, 3% Analect 2 &, 3 4 & [l S 4000 ~ 400
em ™" SEM 474 L 7 5 BT, X130, i 22 TE R 2
Al B PR AR E (LOT) |, Rt T VL 77 XA A A A T
JF-3 A1 LOT 43 #74%, #%2 ASTM D2863 & BE 3t 47, #¢
R 100 mm x 6.5 mm x 3 mm. T 4 458
1, CZF-3 UK - 3 LR BE I 72 A, 4% UL-94 $r if
M2, AL fh RS 2 130 mm x 13 mm x 3 mm. #EE
(TG) 447 ,NETZSCH TG 209F3 , 1 [ it ith /> 7] , N,
S, THE 4 20 K/min 35 ~700°C . #42K B -£T SR
A ,TG 5 FTIR (TENSOR 27, Bruker, Germany ) [
LA T (35,0 mL/min) 347, THiR 3% Ry
20 K/min, A BH 1k 24 S0 v B, TEIRLE R 5 R
PRLL A1 53 BT 2 B IR EE Y915 R 230°C.

1.5 FRMESHTKELRE

BT G AR HE RT 1y EP A BT 75°C 1)
KR, 6 KI5 U, T 80C T 4% 12 h, il
I LOT K UL-94 , #F 5 FL B 1 BE A2 4k , I WL 4%
L KT Je W 2 i 2% i B 35 0 A2 Ak

2 #RE5IT®R

2.1 EMFAPP {J#Z=E &£ S

[ 1 J& APP MFAPP fil EMFAPP fj FTIR [&
Bk A E TR APPSR AIE I 04 3 B A 3200
em ' (N—H 45 #3)),1687 em ™' (N—H 25 il
Pah),1256 em ™' (P=0 {H45 ¥ 3)),1075 cm ™'
(P—O X Fx 1 45 #% 3 ) , 1020 em ~' (PO, FI PO,
) P—O M 4i 4R 3h ) , 880 em ™' (P—O—P A%t i
WaiiRzh) . SR 35 B R T APP (9 RRE
W 0k 4k, MFAPP i 4 81 7 1505, 1438 Fi1 1339
em ' YR IR B AR B, LB MF 776 T MFAPP
. EMFAPP il 8 7 EP 28R 1) C—H fifi 45 R
Fhi (3066 cm ™) 5 B A JE 4k 3h 4 (1509 Al
1610 em "), L K MF fhiE3R C = N (¥ i 45 3% 30
(1436 em ™' ). f UL AT WL, EMFAPP w4 4 APP,
EP #l MF.
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Fig. 1 FTIR spectra of APP (a), MFAPP (b) and EMFAPP (c¢)
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KT E— K iF EMFAPP 4 4% 5% 45 44,
SEM Xt ki F 1) JE $i E 4T T R AE, APP, MFAPP Al
EMFAPP [ R 1S & 2 i s, APP KL AN
FRI (% 37 T3 PR 25 K, 3 18 T8 B A s W, i LR
TRMEA MNOAFTE. LW HE AL, MFAPP K 1
T B — 2 B, 2% THDHLRE | A7 J90RE 8%, 2 T8 (14 2 #f1 AN
PLEUIRAL T FLAT 20 V8 300 AR JURL RS B 7 J80RE 2%
AT, 33X 0 1% 2 38 BK 1 MF 382 A5 g 5 4 45 78 — ii2 %

) AR /NSO, % T8 W B 2% S 0] APP KL 1
W MF {035k k. 54 EP 4 J5 , EMFAPP % i
TESLANE 2 () B, k7 2 WA 15 6 1 FE , 5
LA ¥ 5], APP R 1R 1H 1 b f MR LT 58 4
THR X R APP R F PR 4 i (0 28 T e ok, 45
4 FTIR ¥4, od B s 2h il & 7 B XUZ % 78 45
A ) Gl 9 BELASR 5]

Sum

Fig. 2 SEM images of APP (a), MFAPP (b) and EMFAPP (c¢)

2.2 EMFAPP %t EP {4 BE 1A 1% 88 7 55
SNRTIENE 2V NN g PO BTy
AR BELKAPE RE (9 5% W, HT LOT A1 UL 94 45 4 ik
PR EEAT T I, S5 R WK 3. R PR
afis i APP ABEAR R, 2 S In &2 38 3 6% I, i FE
BT 3@ 34 UL 94 V-0 2%, A LOI {i ki %5 APP & &
IR W38 (A8 N 8% B AT 3k 30.0% ). K iRk
TN 6% B, EP/EMFAPP [ LOI {45 {k #a 3k
BEE EP $EbF 5 3G B Wi/ i & th ThEE EP
PR BT HE I 0, BELA R rh B R APP F o BRI,
RUNE N N S D/ o N o 1 N TR
LOLfEFEA%, BHBAPERE T I MmN 7% 5

8% I} ,EMFAPP10 5 EMFAPP30 [y LOI {45175 T
EMFAPP20 ; 3 i3, B 4 1 5 4 05 H A — & 19 BH B
PIRAE AT, 38 25 B 5] 1 e R L AOUR (2 A . MF AT
EP) 525 (405 : APP) 45 G A 0] 52 B Ur 038 o
EH.

K 3 & EP Fil FREP 7£ LOI i 5 A% %% #%
T NEITR AT, EP i A R R S5 LT IR A
BB e AN i EMFAPP ) FREP 8~ T K
2 K 2 J2 . FE KR e i A v g I e 2 7 s E A R
2 TH He % BELWT M R, BH IR A BE 7 A i B
li] FE AR AL 38, D 5% FE AR ) 53 it AN AT R SR 7= 2
T A 8 BELR AR

Table 3 LOI values and UL 94 results of FREP composites before and after water treatmeat (75°C , 6 days)

Untreated After water treatment

Samples
UL 94 rating Lol UL 94 rating LOI
EP — 23.2 — —
EPAPP-6 V-0 26.8 No rating 24.5
EPAPP-7 V-0 27.2 No rating 25.1
EPAPP-8 V-0 30 V-1 26.3
EP-MFAPP-7 V-0 27.1 V-0 26.7
EP-MFAPP-8 V-0 28.4 V-0 27.8
EP-EMFAPP10-6 V-0 26. 1 V-1 26.0
EP-EMFAPP10-7 V-0 27.1 V-0 27.1
EP-EMFAPP10-8 V-0 27.8 V-0 27.7
EP-EMFAPP20-6 V-1 25.3 V-0 25.3
EP-EMFAPP20-7 V-0 26.8 V-0 26.7
EP-EMFAPP20-8 V-0 27.5 V-0 27.2
EP-EMFAPP30-6 V-1 24.7 No rating 24.5
EP-EMFAPP30-7 V-0 27.0 V-0 27.0

EP-EMFAPP30-8 V-0 27.7 V-0 27.17
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Fig. 3 Residue chars of FREP at the end of LOI
test, EP (a), EP-EMFAPPIO-8 (b), EP-
EMFAPP20-8 (¢) and EP-EMFAPP30-8 (d)

2.3 FREP §yKkEH =R

A K AR PR S /) LOL il UL 94 i 45 5 0 3%
3R AT, B A i om APP iy A 28 K R i
JG L ARSI EP AW LOT ¥k 4 1 B
0T R, UL 94 T BB S 9L V-0 3] V-1
REE A PO, R TR 7K b B S BH R 7 e I
TR XM TAPPE —Fh R BEMR £, 4> F Pk

MR By WK 5y #E 5  HL5 w4 FRAR A
BN G 7 i R R R T A ) ) R R T AT
B, 1 B PHLIA SR T . 42 MF 2 5, RSk
i KA T —E B B R 3, K b 35 LOT fR
WA B R B, A EMFAPP30 ) FREP 7£ 12
KT LOL F1 UL 94 ik 25 I AR WA kA%
b, B AT BB A5 2 T 1R 4 19 PR 5

[l 4 J& FREP 7K &b ¥ J5 W7 18 19 SEM &L A
K B W i APP ) FREP 287K 4b 38 f5 W7 1f 88 F
KA 28 5, X 8 25 575 B R T 1B R 4
vt W] EP/APP I 1 Ak BHBR 7 KL+ 7E 7K A 2R S
P&, 3 A R K Ak B BELA P BT R (14 S A
5 EMFAPP () FREP 287K 4b B 5 W7 i 4 7% A7
ZE3) 25 7 B, BR KL Of B sk 2 R R 28 5
e HEAL, , Tt K 1 44 g MF FL EP B 80 T 7K 23 7 %t
APP (1 3F X, ko3t T BRI 5 AR (R AR 25, DT
#2755 T EMFAPP K FREP f9 i /K 1 g .

Fig. 4 SEM images of fracture surfaces of the composites: (a) EPAPP-6, (h) EP-EMFAPP30-8, (c¢) EPAPP-6 (75°C, 6 days) and (d)

EP-EMFAPP30-8 (75°C, 6 days)
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K 5 & APP EP . EMFAPP f FREP ¥£ & =%
TR (TG) MR (DTG) £ &l MK
TR LLE B APP 1Y RS> A B B, 5B — B B
WEPIR T 10% , 78 290°C FF 4 B i, 7€ 335°C 1
PR R B 3K — B B i AR A R R
T APP S B 2. 55 B BoJE APP 1 £ [%

i B B, AR 2k L H A F) 65% , e R PR T R
HILAE 645°C ixX — i Br 222 APP [ 43 7= )
WL (PPA) [ ¥ 2 RN K 20 fift , B 0 T 52 24 1Y
B A %A YT B 7E R WOR
RS f#, AE T00°C 5% i 2238 5 16% . 248 T 2
b, EMFAPP 1) $4 R fif 22 HLF APP 3k & i T2
FR PR M A 22, 275°C B e AR 40 ik, 3 b 1 0 it
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AL T APP (Y R A . >4 IR B2 i T 650°C i, FiT B i
(4 8% Ak B ) 5 A O B R A B id L #E T00°C 8% i
FIRF) 18% . NI AT R 7T LLF B, % 4 19 77 78
WOAR T LR ) R A o B AE AR T fiE fb APP [
fiff , 3 B A B B BT oo IR Ak e , B e R AR v, U
Y40 b4 0 f7 75 BB 8 4 /& APP Jli Uk fig J1. N FREP
()3 T 42 1T LLE 3, FREP () = R& i@ B BE L EP
PERLT 35°C, ik J2 A Ry BEA 70 LA B I 43 it 7 ) 5
EP JLURAH B /R, 4L T EP 9 B A, 24 IR 5
T 500°C i, & B B9 s A 1551 FREP 3% gk 2 1Y
AL, VIR R TE Z B0 Y R AR B L T R
(1) i FA 5% 7, 700°C 5% 7k Z2 3K 16. 2% ik i T 46 EP
() 7% , 5 W% 25 T4l APP [ 5% 5 8. X Se 2k 1L
FW 2538 e 4% fk , EMFAPP 278 T EP ) [ fi
AR BB AR i EP iR
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Fig. 5 TGA (a) and DTG (b) curves of APP,
EMFAPP30, EP and EP-EMFAPP30-8 under N,

2.5 FREP fj TG-FTIR 447

N T ik —2 T f# FREP B9 # R fif o3 72,
TG-FTIR %} FREP AR fif 10 72 () S =W AT T
SEH AL

K 6 f EP-EMFAPP30-8 7 /[l [ fit i & F
KA Ry bk L iR BT A, SR AR T
230°C , % &1 v A AT 1 BRRAE S i, AT A

2300 cm TP T 1 AN CO, BY 45 IR Bhig X R T
TR X — B BUR R A 2% 4 IR A
£ 360°C 1], 1% [ vt BE T 2 A~ 58 W i i i DA
TGA 45 F 33X — iR i & FREP i F= B i B B 1y
He R T ORI B, BB FREP A 3 9% % b B
AR T R B AR AR I B S SRR AT
3650 cm ' (i B —OH {1 47 ¥ 3 0% ) , 2800 ~ 3100
em ' (CH,—,—CH,— ,—CH—/J il 4 ¥& 2h 1% )
1300 ~ 1650 cm ™' ( ZE IR FLHEBN14%) ,1060 ~ 1275
em ™ (C—O0—C W45 R 315 ) ,650 ~900 cm ™'
(J5 3P 09 45 2 0 i) 26103650 em ! X I BY
—OHESE 330°C ¥ by H B0 55 09 W i, 24 3 % 3k 31
360°C B3 Wz Wi, 76 530°C U 5 & AR 55, 9K 5
Wil 5 I 3 T v D iR R AN T R AR AR AR KR — N
TR [ B 7K R it B EMFAPP 78 85 ( R B R B %
Ay il e e Bof s i K AE B9 PPA PPA &5 EP
FHE R BN, EP G B K R 53 Ah R
o B, 5K i R B A IR A A SR g X sk
SR ET IR Y kIS DL K — Sk SR G,
T (1% 51 B IR T R ) 78 Ak A S K I 1 8 A
SR ), 1A B 0 I i 5 0K AR R [ B R AT
(4. Bl B I RE 8 T i, AR I A Y AR R AN D A
JIN A 0 0 1 7 L A R AR AR AR U BH A
360 ~530°C 1) EP = 55 B i o B, B i O %
AR 1E 530°C Z J5 KA 7= ) B 9 B 4
GRS , LA A 2% 07 A4, BT TE R
fift Bt B I B ) Bk i BAT e T AR E

25 LTk, EMFAPP FH#X EP fy L2 AT DL 1A
ARy AERR PSS FETh  EMFAPP rh 38 b 5 55 & A= e
fitt 4z & APP 4y fit B ik th PPA, H 5 35 & W fig
(9—OH JZ I, il 3 1 4 b 55 B S0 AR 25 1A 1 it
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Fig. 6 FTIR spectra of gas products for FREP ( EMFAPP30,

8% ) at different pyrolysis temperatures
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KR A. FIE EP SRR R LW R, 22— R 5 FHRECR IR, VR Nt 8% W FREP 4 LOT i
SRR RE & PO I C R A 1 27.5% i@ UL 94 V-0 .
TE 2 NE 3 T2 77 A B9 R4 R MR (H,0 F NH, 45) (2) EMFAPP H. 1 B # & T /K 7, EP/
i 3 S AA Rl AL A B & L R K OB B A R B T R EMFAPP 235 /K AbBE (75°C, 6 K ) J5 A al 548 B
PERIIEZ K 52 , X S T 0 K ¢ 2 3 S e SR R I I PR PR RE.
T i — ol (3 2 BEL U 40 S AN A 1 45 3, AT (3) Jl TG-FTIR B 5% T FREP (i) #1418 72
TE 5k S 2 45 BELAR 1 1. FBE ML B, 77 165 6L T 2 B4 8 S5 W A, [] mh APP
3 sEm Sy fE R PPAPPA ik T 44 5 EP ZAk 1
ZH1E Wi, 7E B I T 28— 22 90 S 07 W T A 14 1% e
(1) RME L 461 ME F EP @132 APP, 2 %R 215 B & 4 3 11 % ik — Fi B8 4 B 4 0 13
Hi45 T WUZ OB BE PR EMFAPP FHAA R XE EP 472, AT S 500358 58 A FELJAA.
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PREPARATION OF DOUBLE SHELL MICROENCAPSULATED
AMMONIUM POLYPHOSPHATE AND ITS FLAME
RETARDANCY IN EPOXY COMPOSITE

Yan-kui Zhang'?>, Kun Wu', Ka Zhang'?, Xu-rui Wei"*, Min-min Shen'
g ’ 2 g b b
(' Laboratory of Cellulose and Lignocellulosics Chemistry, Guangzhou Institute of Chemistry
Chinese Academy of Sciences, Guangzhou 510650)
(* Graduate University of Chinese Academy of Sciences, Beijing 100049 )

Abstract Microencapsulated ammonium polyphosphate ( EMFAPP ) with double shell ( melamine-
formaldehyde resin and epoxy resin) is prepared by in situ polymerization,which is a typical intumescent flame
retardant containning an acid source ammonium polyphosphate ( APP ), a blowing agent melamine
formaldehyde (MF) and a carbonization agent epoxy resin ( EP). Its structure is characterized by Fourier
transform infrared spectroscopy ( FTIR) and scanning electron microscopy ( SEM ). The flame retardancy of
EMFAPP in EP is studied by limiting oxygen index (LOI) and UL 94 tests. EP/EMFAPP samples can pass V-
0 in UL 94 test when the content of EMFAPP is more than 7% ,and their LOI value is higher than 27. 0% .
After water treatment (75°C, 6 days), EP/EMFAPP maintains good flame retardancy while the flame
retardancy of APP in EP decreases greatly. So after microencapsulation, the water resistance of EP/EMFAPP
was improved remarkably. The thermal stability of EMFAPP and EP/EMFAPP is evaluated by
thermogravimetric analysis (TGA). Residue char of EP/EMFAPP (8 wt% ) is as high as 16.2% at 700°C.
EMFAPP can promote EP to form residue char which will play a great role in the combustion process of
polymer composites. Further more, the thermal degradation behaviors of EP/EMFAPP are investigated by
thermogravimetry-Fourier transform infrared spectroscopy. Based on the above results, the flame retardant
mechanism is discussed. In the process of combustion, EMFAPP releases polyphosphoric acid (PPA) and NH,
firstly. With the increase of temperature , PPA reacts rapidly with —OH group of EP resin to release H,O which
can reduce the flammability of EP in gaseous phase. Then,along with the degradation of main chain of EP,PPA
may react with the oxidised products formed during the thermal degradation and stimulate the formation of a
char. After heating beyond a critical temperature, the char begins to swell and then to expand to form an
intumescent charred layer. The presence of the charred layer can retard the transfer of heat and prevent
underlying materials from further thermal destruction.

Keywords Microencapsulation, Melamine-formaldehyde resin, Epoxy resin, Ammonium polyphosphate,

Flame retardancy



