%30 % 4 12 ] LM OB % R Vol. 30 No. 12
2015 412 H Journal of Inorganic Materials Dec., 2015

X E %S 1000-324X(2015)12-1267-06 DOI: 10.15541/jim20150243

SENEEBENERBE R HA
BE£R 28 A 5 P B o2 R AT 3R

ZhE, EE, BES

(LWE I RF HAER, BREKAH TARZARL TS, 7T 100081)

OB B0 IR F (APP) A — & M K i PE R B AR R AN i A5 ) R, 4Rt TR A AR (ATH) W Xtk APP
TR X B 586 6 (XRF) I LB (SEM) 20 M & B o, 76 APP ki BT 528 T ATH I ot IR
W], ATH W SO 5 1) APP VMR 20T S R, U IR R . K e 5 1) APP 5 X023 [ DY 5 (DPER) & 1L, 1
A BEARFRIAS N 2] PP, BEIA PP (AR BRI 25 A W): BRI & 2 25%I, f078 ATH ) APP fiikH
15 PP 3.2 mm A 4% (3 ELABE 0N V-1 325 5] V-0, IR H(LOI)M 26.6%M5 NF1 31.8%, kI i {1 (PHRR)
M 475 KW/m? T % 45 308 KW/m?, B T £ 35%. Xt B PP (FIRALESR R TC U, APP £ ATH W iP5, (il
T BEAR PP LEMAGR I T 1 SE I se B3 A0 e 28, DRI 53 T BELAME e

KOOI EEERY, BASUE, BRETM, A

RESES: TB321  XEAFRIRAD: A

Preparation of Ammonium Polyphosphate Coated with Aluminium
Hydroxide and Its Application in Polypropylene as Flame Retardant
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(School of Material Science and Engineering, National Engineering Research Center of Flame Retardant Materials, Beijing In-
stitute of Technology, Beijing 100081, China)

Abstract: A new surface-modification method was adopted to decrease water solubility and enhance flame retradancy
of ammonium polyphosphate (APP) by means of coating with aluminium hydroxide (ATH). The data of
X-Ray Fluorescence Spectrometer (XRF) and scanning electron microscope (SEM) demonstrated that ATH was de-
posited on the surface of APP particles, and lower water resistance and rougher surface were verified. Furthermore, the
modified APP was applied with dipentaerythritol (DPER) to prepare flame retarded polypropylene (FR-PP). The com-
bustion behaviors of FR-PP were studied by limiting oxygen index (LOI), UL 94 vertical burning and cone calorimeter
tests. Results show that loading of the coated APP has improved flame retardancy of FR-PP composites remarkably.
Compared with unmodified APP, PP/DPER/coated APP can pass V-0 in UL 94 test, LOI value increases from 26.6% to
31.8%, and the peak heat release rate (PHRR) decreases from 475 kW/m? to 308 kW/mZ Finally, study on char resi-
dues of FR-PP composites indicates that APP coated with ATH makes char layer more complete and more compact,
which contributes to the improvement of flame retardancy.
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Table 1 Formulation of FR-PP composites /wt%

Samples PP APP APPA4# APPG6# DPER 1010 168
PP/DPER/APP 74.7 17.85 7.15 0.1 0.2
PP/DPER/APPA4# 4.7 17.85 - 7.15 0.1 0.2
PP/DPER/APPG6# 747 17.85 7.15 0.1 0.2
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Table 2  Influence of different experimental conditions on the modification results
Sample Alg B/TC C/h Yield/% Specific surface area/(m?.g™) Water solubility/(g/100 mL)
APP - - - - 4.71 1.1035
APP1# 2 40 1 85.32 9.09 0.8650
APP2# 2 50 1 87.73 11.93 0.7535
APP3# 2 60 1 91.45 12.62 0.7455
APP4# 2 60 2 95.43 15.37 0.2920
APP5# 2 60 3 95.77 15.84 0.3320
APP6# 4 60 2 98.21 9.88 0.4270

Note: A: AICI; content; B: Reaction temperature; C: Reaction time
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Fig. 2 Different magnificent SEM images of APP, APP4# and APP6#
(500X a: APP; b: APP4#; c: APP6#; 5000 X d: APP; e: APP4#; f: APP6#)
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Table 3 LOI values and UL 94 results of FR-PP composites

Sample LOl/% UL 94 (3.2mm) % /s t,°/s
PP/DPER/APP 26.6 V-1 0.9 8.7
PP/DPER/APP4# 29.7 V-0 0.8 1.2
PP/DPER/APP6# 31.8 V-0 0.7 3.1

Note: % self-extinguish time after the first ignition; *: self-extinguish time after the second ignition
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Table 4 Cone Calorimeter parameters of FR-PP composites

Sample TTI PHRF_(2 avaO_1 avCO_z1 THR_2 TE,R_1 Mass loss
Is (KW-m™) /(kg-kg™) /(kg-kg™) /(MJ-m™) /(m=s™) 1%
PP/DPER/APP 29 475 0.066 2.73 124 1828 84.0
PP/DPER/APPA4# 28 323 0.060 2.71 117 1595 82.1
PP/DPER/APP6# 27 308 0.063 2.67 114 1407 79.4
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Fig. 4 Residue chars of FR-PP composites after cone calo-
rimeter test

Top view (a: PP/DPER/APP; b: PP/DPER/APP4#, c: PP/DPER/
APP6#); Side view (d: PP/DPER/APP; e: PP/DPER/APP4#; f: PP/
DPER/APP6#)

A8 38 R0 AT R S AR IR IR, il i 5 PP/DPER/APP
(1) TR T e TR A2 v o TV I i APP S IRE )
BHI PP Ji¢ |2 2T (8] 4(b)~ (c)) 5 InocHE, WAy F4
MG IS APP [RIBHR PP 2% )2 B Infa
] 0, A7 R BH L T AR R A 3 L o3 A e 40 Tk
JAD IO L, Dz TR SRR BOE S, AT A
75 PP/DPER/APP4#F1 PP/DPER/APPG#iH HEE il 5
P15 . [FIF, PP/DPER/APP4# (K 4 (e))5 PP/
DPER/APP6#(I& 4 () I¥17 )= B W] %2 2w PP/IDPER/
APP(F 4 (d))-
2.7 ATH 81& X4 APP 3t PP B 1489 &1
N TR O R A S PP S ARAH AR 15
W, RERHIR PP REARTEM UL MR, VW, Wk
R4, F SEM WL I1TESL. il 5 FiR, @
AL AL APP [FIFE S, A PRBIURCRT PP S A4 ¥ 7
SEOAAE, T DAAE WL T AR R, s T
£ 75 SO URL R i, R A RIORE B BRI ST &5 5 R
B, AHBNERLLF o RN BT 2 Hh LR T, APP it
W2 A7 SOV J5 FAT (RPRDRE S 1 A Bip e f, KK

PP/DPER/APP

PP/DPER/APP4##

T 5 PP IR, MG 1SS APk RE

1) RHUUEAE APP RIHRAL AR T ATH, 3K
T, SER IR RO A A AR
h 29, RV 60°C, RN 2 he fEIZ4AF N
BN 95.43%, LR HF 15.37 mig,
AR IE 0.2920 g/100 mL. XRF 45 JAESE, {E APP i
FiR ML T s A ATH.

2) WE LG APP RIS B IR, bk
THIAR I S48, ot APP R AOU T 3 A W B AR Ak,
OO 1) 73 FSCTE A5 21 03

3) BREBEMEREIIR o, APP B Jim 4 45 FELA% PP
PRIGETE B 1) ¢ 22 B8 I se B 8508, AEdER Al 2 T
AR LE T, DR R R e T R PP A TR
K, BT HOREROEAE, HAE 3.2 mm FEA&ERE T
UL94 V-0 %

S Hk:

[1] DEMIR H, BALKOSE D, ULKU S. Influence of surface modifi-
cation of fillers and polymer on flammability and tensile behavior
of polypropylene-composites. Polymer Degradation and Stability,
2006, 91(5): 1079-1085.

[2] ZHOU LIN, GUO CHUI-GEN, LI LI-PING, et al. Influence of
ammonium polyphosphate modified with 3-(Methylacryloxyl)
propyltrimethoxy silane on mechanical and thermal properties of
wood flour-polypropylene composites. Journal of Applied Polymer
Science, 2011, 122(2): 849-855.

[3] ZHENG ZAI-HANG, QIANG LIN-HUI, YANG TING, et al.
Preparation of microencapsulated ammonium polyphosphate with

carbon source-and blowing agent-containing shell and its flame re-

tardancy in poly-propylene. Journal of Polymer Research, 2014,
21(5): 443-458.

PP/DPER/APP6#

K5 FR-PP ¥WTIH ) SEM JES
Fig. 5 Fracture surface SEM images of FR-PP



1272

Bl MR R

%30 %

(4]

[l

(6]

(71

(8]

ZHANG YAN-KUI, WU KUN, ZHANG KA, et al. Preparation of
double shell microencapsulated ammonium polyphosphate and its
flame retardancy in epoxy composite. Acta Polymerica Sinica,
2012, 7: 759-764.

CHEN XI-LEI, JJIAO CHUAN-MEI. Study on flame retardancy of
co-microencapsulated ammonium polyphos-phate and pentaerythritol
in polypropylene. Journal of Fire Sciences, 2010, 28(6): 509-521.
SUN LI-SHUI, QU YONG-TAO, LI SHAO-XIANG. Co-microen-
capsulate of ammonium polyphosphate and pentaerythritol and ki-
netics of its thermal degradation. Polymer Degradation and Stabil-
ity, 2012, 97(3): 404-409.

QU HONG-QIANG, HAO JIAN-WEI, WU WEI-HONG, et al.
Optimization of Sol-Gel coatings on the surface of ammonium
polyphosphate and its application in epoxy resin. Journal of Fire
Sciences, 2012, 30(4): 357-371.

NI JIAN-XIONG, CHEN LI-JUAN, ZHAO KUI-MING, et al.

(9]

[10]

[11]

[12]

Preparation of gel-silica/ammonium polyphosphate core-shell
flame retardant and properties of polyurethane composites. Poly-
mers for Advanced Technologies, 2011, 22(12): 1824-1831.

LI XIANG, WANG YONG. Preparation of two kinds of encapsu-
lated red phosphorus and research of their flame retardancy in PP.
Modern Plastics Processing and Applications, 2013, 25(3): 35-38.
LIU SONG, SU BO-MIN, LI QING-HUI, et al. Application of
calibration curve method and partial least squares regression
analysis to quantitative analysis of nephrite samples using XRF.
Spectroscopy and Spectral Analysis, 2015, 35(1): 245-251.
MR FEBER R (APP) MK AL S i i % SR AR AT 9T, dbat:
bt B TR SRR 27 i 3, 2012.

CASTROVINIC A, CAMINO G, DREVELLE C, et al. Ammo-
nium polyphosphate-aluminum trihydroxide antagonism in fire
retarded butadiene-styrene block copolymer. European Polymer
Journal, 2005, 41(9): 2023-2033.



