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Abstract :

This paper surveys the char forming effect of Umaraldehyde resin (UF) and the
flame retardancy of UF cooperating with ammoniumypleosphate (APP) for
polypropylene (PP). UF was firstly synthesized ahdn modified by a silane
coupling agent 3-aminopropyltriethoxysilane (KH-350F and KH-550 modified
urea-formaldehyde resin (M-UF) were characterized field-emission scanning
electron microscope (FE-SEM), energy-dispersivdyaisa(EDS), Fourier transform
infrared spectroscopy (FTIR) and thermogravimeatnalysis (TGA). Compared with
UF, M-UF had better thermal stability and higherssiaf residue char. Afterwards the
intumescent flame retardants (IFRs), consisting Wf+APP and M-UF+APP
respectively, were introduced into PP. The flamardant efficiency of PP composites
was investigated by limiting oxygen index (LOI), 94 vertical burning, and micro
combustion calorimetry (MCC). The possible decontmos mechanisms were
investigated by TGA, FT-IR and EDS. When the additof PP, APP and UF was 70,
24 and 6wt%, the LOI value reached 23.5 and ULe&3t tould not pass. However,
when the loading of PP, APP and M-UF was 70, 20 adwt%, the LOI value
reached 29.5 and UL-94 test was V-0. The residual [ayers of some PP composites
were analyzed by Laser Raman spectroscopy (LRS)FRH&EM. The LRS and
FE-SEM presented that the char layer of 20%APP+10%6WPP was more compact
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and had higher strength than 20%APP+10%UF/PP. &untbre, tensile tests showed
that M-UF/APP could improve break strength and tmesgs for PP compared with
the same ratio of UF/APP. To sum up, M-UF+APP/Pfehaetter flame retardant

efficiency and tensile properties compared with BPP/PP.

Keywords. urea-formaldehyde; KH-550 modified urea-formaldedtyéammonium

polyphosphate; intumescent flame retardants; pofyyene.

1. Introduction

Polypropylene (PP) is widely applied in the fiellamtomobiles, electronics, and
buildings and so on for its excellent charactasstuch as mechanical properties,
electric insulation and lightweight. However, inflsnability and a mass of molten
dripping limit PP applications and developmentisltessential that flame retardant
efficiency of PP should be improved [1, 2].

Intumescent flame retardants (IFRsS) systems gdperate comprised of
dehydrating agent, charring agent and foaming agesich are regarded as
eco-friendly flame retardant because they gendest® smoke and toxic substances
during combustion. Traditional IFRs system contamsnonium polyphosphate (APP)
as dehydrating agent, pentaerythritol (PER) as ricitaragent and melamine as
foaming agent. IFRs are thought of a new generdtaone retardants for polyolefin,
particularly for PP that is significant but combbk commodity plastic [3-5]. IFRs
systems nowadays have been developed rapidly, iapedehydrating agent and
foaming agent tending to be mature. However, theadliantages of traditional
polyhydroxy charring agent, such as moisture alismr@nd poor compatibility with
matrix, reduce mechanical properties of the relatedhposites. Therefore it is
significant to study out new applicable charringemig[6]. Urea-formaldehyde resin
(UF) is namely synthesized through urea and foretalde. It is widely used as
adhesive in woodworking industry for its inexpemsiess, insulation and resistance
of weak acid or alkali [7-9]. Besides, UF is a hyxdyl polymer with high contents of

carbon and nitrogen that benefit the flame retard#act.



The purpose of this work firstly is to study thdeef of char forming of UF.
Moreover, in order to further improve its charriagd flame retardancy, a silane
coupling agent 3-aminopropyltriethoxysilane (KH-%53 used to modify UF.
Therefore, KH-550 modified urea-formaldehyde resi(M-UF) includes
flame-retardant elements both nitrogen and silicBiicon-containing compounds
could form a protective silicon layer during inflarg, which could protect polymers
from further thermal decomposition. Hence the flareardancy of M-UF may be
markedly improved for the synergistic effects diragen and silicon [10, 11]. Then
the IFRs, UF and M-UF respectively cooperating watimmonium polyphosphate
(APP), are introduced into PP. The flame retarddfitiency of PP composites are

mainly studied, and their tensile properties anelisd briefly as well [12].

2. Experimental

2.1 Materials

Urea, formaldehyde solution (37-40wt%), KH-550d adistilled water all were
purchased from Chengdu KeLong Chemical Industry gamg. APP (degree of
polymerization >1500) was a commercial product dfejtang Long you GD
Chemical Industry Company. PP (S1003) was purchasein Duzishan
petrochemical branch of Petro China. All chemivadse analytical reagents and used
without further purification in this work. The sttures of KH-550 and APP are

shown in Scheme 1 and Scheme 2 respectively.

2.2 Samples preparation

To obtain M-UF, three step reactions were performedhown in Scheme 1, where
the synthetic procedures and the structures ofidAVltUF were explained as well.
2.2.1 Synthesis of urea-formaldehyde (UF) resin.

90g of urea, 112.5mL of formaldehyde solution aBth# of distilled water were
added into a 500mL three-necked and round-bott@ssgilask which was equipped

with a mechanical stirrer, a thermometer and a ensér. The PH value of reaction



mixture kept in 5-6 during whole reaction procelse temperature was firstly raised
to 401 and maintained for 40min, then heated to!6fnd maintained for 140min.

After cooling to room temperature, 100g of suspamsias taken out to further
modify, and the rest was filtered and washed wistilted water [13-15]. The white

powder, UF, was dried at 140for 24h.

2.2.2 Synthesis of KH-550 modified urea-formaldehyde (M-UF) resin.

Firstly, 100g of KH-550 was slowly added into 25mot distilled water under
stirring for 20min. Then the hydrolysate of KH-5&@s slowly injected into 100g of
UF under mechanical stirring. The reactive systems kept at 60 for 1.5h [16-18].
Finally, the reaction product was filtered and waaskvith ethanol and distilled water.

The pale yellow powder, M-UF, was also dried at146r 24h.

Addition reaction
O 0 0
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Scheme 1 The synthetic reactions of UF and M-UF.

2.2.3 Preparation of PP composites.
Two kinds of IFRs were composed of UF+APP and M-BIPP respectively. PP
was blended with the IFRs via a HAAKE plastic ordeker at 170! and 60rpm for

10min. The PP composites afterwards were moldatyusitesting hot-press at 180



to obtain different standard testing bars by platdcanizer (Qingdao Huabo
Machinery Technology Co. Ltd. China). The composisi of PP composites are
illustrated in Table 1.

Table 1 The compositions and flame properties of®Rposites.

Components (wt%)
Samples LOI (%) UL-94
PP APP UF M-UF
PP-1 100 0 0 0 17 burning, dripping
PP-2 70 30 0 0 19.4 burning, dripping
PP-3 70 25 5 0 21.7 burning, dripping
PP-4 70 24 6 0 235 burning, dripping
PP-5 70 22.5 7.5 0 22.2 burning, dripping
PP-6 70 20 10 0 22 burning, dripping
PP-7 70 15 15 0 22 burning, dripping
PP-8 70 25 0 5 28 V-0
PP-9 70 24 0 6 27.5 V-0
PP-10 70 22.5 0 7.5 28 V-0
PP-11 70 20 0 10 29.5 V-0
PP-12 70 15 0 15 28.5 V-0

2.3 Characterization and testing

Field-emission scanning electron microscope (FE-SEM) and energy-dispersive
analysis (EDS). The surface morphologies and element analysisaaiples were
observed by FE-SEM (Nova NanoSEM450, FEI) and EQEANTA 250, FEI)
respectively.

Fourier transform infrared spectroscopy (FTIR). FTIR was recorded by a Nicolet
IS50 spectrophotometer using KBr pellets, and theemumbers ranged from 4000 to

400cnit,



Thermogravimetric analysis (TGA). The thermostability of samples was measured
by a TG-209 F1 thermal analyzer (Germany, Netzstb}8mg, nitrogen atmosphere,
testing temperature ranging from 30 to 80@nd with heating rate of 1@min.

Limiting oxygen index (LOI). LOI tests were performed by HC-2 oxygen index
instrument produced by Jiangning Analysis Instruimiactory; with a specimen

dimension of 1386.5x3mnT according to ASTM D2863-08.

UL -94 vertical burning testing. The tests were carrietlvaith a CFZ-2 measurement
purchased from Jiangning Analysis Instrument Fgctdihe dimensions of each
specimen were 1282.5<3.2mnT according to the American National Standard

UL-94 (ANSI/ASTM D635-77).

Micro combustion calorimetry (MCC). The combustion characteristic parameters
of samples in 3-4mg were characterized by a FAA MEite Testing Technology,
UK) according to ASTM D7309-07. The samples weratdé from 100 to 700
approximately at 1/s and the combustor temperature was set at 90H€ mixed

nitrogen/oxygen flow rate was set as 80/20mL/min.

Muffle furnace. The residual char at different temperatures wasiodd using

Muffle furnace (Henan SanTe Furnace Technology Gd),

Laser Raman spectroscopy (LRS). The degree of graphitization for residual char

was characterized by DXR 532 nm LASER. The charotdained after LOI tests.

Tensiletests. Tensile tests of some PP composites were carriethaugh Universal

Material Testing Machine produced by INSTRON with extensional rate of 20+2
mm/min at room temperature, according to ASTM D8BBe dimension of these
samples was 4x75 dumbbell-shaped. Every testingrapa was measured 5 times

and calculated to obtain average.

3. Results and discussion

3.1 Characterization of UF and M-UF



Fig.1 shows three kinds of magnification of the $EM and EDS to observe the
surface morphologies and analyze elements of UFNuwdF respectively. Table 2
presents the elements and their contents of UF MAdF. There was no big
difference in dispersibility of UF and M-UF. Therface of UF was shaggy and
multi-hole, but M-UF was rough and compact. The BED&trated that UF mainly
had high contents of C and N, but beyond those,iVhald Si.

Scale span: 8300 cts
Cursor position: 0.000

Scale span: 8300 cts
Cursor position: 0.000

Fig.1 The FE-SEM images and EDS analysis of UE,(a) and M-UF (b, d, f).

Table 2 The elements and their contents of UF arddAvbbtained from EDS.



Elements C (wt%) N (Wt%) O (Wt%) Si (wt%)

UF 32.3 38.5 29.2 0
M-UF 38.3 219 28.1 11.7

Fig.2 presents the FTIR spectra of UF, M-UF and 539 The broad and strong
absorption peak at 3268600cn that belonged to the stretching vibration of -OH
appeared in both UF and M-UF [19]. It meant th&t ¢hemical environment of -OH
was complicated and diverse. Besides, the strejchiorations of —NH and -NH
were not obvious. The absorption peak of C-O intéifinal C-OH at 1004cthwas
disappeared in M-UF, which illustrated that the doyyl or amine of KH-550 had a
reaction with terminal hydroxyl of UF. In M-UF, threew absorption peak of Si-O in
Si-OH at 921cnt appeared, but the peak of dissociative Si-OH 80861 did not
appear. Additionally, the new absorption peaks 4941 and 467cfh were
antisymmetric stretching vibration and flexural ration of Si-O-Si. From the results,
it seemed that dehydration-condensation was hagpensome Si-OH, and the rest
Si-OH might form intermolecular hydrogen bonds. rEfiere, the peak of -OH shifted

towards lower wavenumbers (3200-3400%m
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Fig.2 The FTIR spectra of UF, M-UF and KH-550.

The peak at 2966cfiwas attributed to antisymmetric stretching vitoatof -CH-
in UF, but the relative peak occurred at 2938cm M-UF because -CHOH was
changed into -CHO-Si. The electronegativity of the groups conneéoteth -CH,-
was weakened, which led to the reduction of foro&istant and characteristic
frequency. The new peak at 2885tin M-UF belonged to the stretching vibration of
-CHy- in Si-CH,-CH,-CH,-, which was corresponded with KH-550. In UF, tleaks
at 1040 and 1140ciwere attributed to the stretching vibration of @Qwhich
suggested that among hydroxyls of hydroxymethylauf@med ether linkage by
dehydration synthesis. However, the wavenumberstldr linkage moved to 1036
and 1134crt in M-UF, because C-O-C was replaced by C-O-Si ugho the
dehydration condensation between the Si-OH in HytlcokKH-550 and the C-OH in
UF [16, 20, 21]. The electronegativity of siliconasvlower than carbon, so the
characteristic frequencies of ether linkage werduced. All above-mentioned
indicated that KH-550 had successfully modified &ifé introduced silicon into UF.

In order to further research the modification of #&B0 to UF, the thermal
decompositions of UF, KH-550, M-UF and UF+KH-550. aae presented by Fig.3a
thermogravimetric (TG) behaviors and Fig.3b denxatthermogravimetric (DTG)

behaviors.
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Fig.3 The TG (a) and DTG (b) curves of UF and M-UF.

UF+KH-550 cal.: the average of UF and KH-550.

As shown in the Fig.3a, UF had one step decompasand the temperature of 5%
mass loss (F, the same below) was 177 which was attributed to the evaluation of
H,0O and some volatiles like formaldehyde [22]. M-U&kdha slow decomposition step,
and Tse, Was improved to 215 because the bond energy of Si-O was bigger thén C-
UF decomposed rapidly but M-UF slowly during 250301, besides the residual
masses of UF and M-UF were 24.0% and 70.3% respéctat 3501. Furthermore,
the mass of char residue of UF was 11.4% but M- W3.8% at 800, which
indicated that the amount of charring of M-UF waghler than UF. In addition, thes
of UF+KH-550 cal. was 72 and the residual mass was 24.6% at'80Compared
with UF+KH-550 cal., M-UF had highedlecomposition temperature and residual
masssignificantly. The Fig.3b explained that the decosipon rate peak of UF and
UF+KH-550 cal. appeared at 297and 300! respectively, but the decomposition rate
peak of M-UF was at 277. Besides, the maximum decomposition rate of UF and
UF+KH-550 cal. was bigger than M-UF. After reachthg peak, the decomposition
rate of M-UF reduced to around 1 %/min at 408nd kept invariant, and then the
decomposition rate of M-UF was obviously lower th#a and UF+KH-550 cal.. The
TGA and DTG stated that M-UF had higher thermabisityg and charring-forming
amount than UF and UF+KH-550 cal..



3.2 Flammability

The results of LOI and UL-94 vertically burning 8P composites are presented in
Table 1. Table 1 showed that the LOI value of geiRewas 17 and it could not pass
the UL-94 tests with a lot of molten drips. The LOl PP-2 was 19.4, which
illustrated APP had a little flame retardancy tq B# PP-2 could not pass the UL-94
tests neither.

From PP-3 to PP-7, the LOI value of PP-4 was 23.Bnaximum and PP-3 was
21.7 as minimum, which suggested that the addiifodF improved the LOI values
of PP composites to some extent, because the aitrag UF together with
phosphorus in APP had a good flame retardant efied®P. The LOI value of PP-11
was 29.5 as maximum and PP-9 was 27.5 as minimu?®48 to PP-11. Table 1 also
showed that the LOI values of PP composites adiifigF were higher than those
adding the same amount of UF, because the nitragérsilicon in M-UF cooperating
with phosphorus in APP had a better flame retaré#fiect on PP. Besides, PP-8 to
PP-11 all could pass UL-94 tests and reach V-Ockletihe results of LOI and UL-94
tests explained that M-UF/APP had a better flantardant effect on PP compared
with the same loading of UF/APP.

Some of the flame-retardant PP composites wereestuoy micro combustion
calorimetry (MCC), all of them were repeated thtieees and the deviation of these
data was within +10%. Table 3 shows the heat relempacity (HRC), thermal
release rate peak (PHRR) and corresponding tener#iryrr) and total heat
release (THR) [23]. PHRR in MCC is regarded as omethe most important
parameter to evaluate relevant flammability usingy specimen. The PHRR of PP-1
and PP-2 were 1028.4W/g and 738.8W/g respectizelyg, the PHRR of PP-2 was
reduced about 28% compared with PP-1. In additioe,PHRR of PP-6 and PP-11
were further reduced into 722.1W/g and 645.4W/g peesvely, which
correspondingly decreased 30% and 37% comparedR®Rti. It indicated that the
susceptibility of PP-11 to fire was lowest amongsih four PP composites in MCC.
The HRC is defined as the PHRR divided by the nainireating rate (1°C/s). The
HRC of PP-11 was lowest that represented a beaskfletardance in these four PP



composites [24]. Thermal release rate curves ofdtRposites are presented in Fig.4.
The Tpurr Of these four PP composites were in 4870 @hich explained that the
main thermal decomposition progresses were no gliff@rence [25]. To sum up,
PP-11 shows a lowest susceptibility to fire andt lesne retardancy, but its flame

retardant performance is not remarkable here.

Table 3 MCC tests results of some PP composites.

Samples HRC (J-g*K™) PHRR (W/g) Terrr (1) THR (kJ/g)

PP-1 1038.5 1028.4 482 40.2
PP-2 769.6 738.8 492 28.6
PP-6 723.5 722.1 489 25.7
PP-11 652.0 645.4 490 21.3
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Fig.4 HRR of some PP composites obtained from MCC.

3.3 Thermal analysis

Thermogravimetric analysis results of some PP caitg® are presented by Fig.5a
(TG), Fig.5b (DTG) and Table 4. PP-1 had only oeeainposition step beginning at
41071 and the residual mass was 0 at 80@hich illustrated that pure PP could not

form char itself. PP-2 had an obvious decomposistap beginning at 380 The



phosphoric acid and metaphosphoric acid releaswsd #PP might prompt PP to
form fairly stable cross-linked residual char oa tasis of dehydration mechanism of

carbocation [26, 27]. Finally, the mass of residtiadr of PP-2 was 8.5% at 800
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Fig.5 The TG (a) and DTG (b) curves of some PP asitgs
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Table 4 TGA (a) and DTG (b) data from thermal depositions of PP composites

Temperature (1) CR (%)
Samples Rmax (%6/min)
Ts0 T max 350 [ 800 [
PP-1 410 460 98.5 0 31.3
PP-2 380 477 96.2 85 16.6
PP-6 246 480 88.6 9.5 18.2
PP-11 260 475 90.4 104 15.8

Rmax the maximum decomposition rate; CR: the chadigsimass; J.x the temperature of maximum
decomposition rate.

PP-6 had three decomposition steps beginning at 2A8P and UF in PP-6 might
release small molecules like NHn 200-2501 [28]. The polyphosphoric acid
generated by APP might react with undecomposedolfbrin slightly stable product
1 (p-1). During 250-350, p-1 might further decompose to release ammonia,
formaldehyde, phosphoric acid, metaphosphoric andl so on. Those released acid
might prompt PP to form cross-linked char. FinaPR-6 mainly decomposed in the
range of 400-550 and the residual char mass was 9.5% at 80the Tsy, Oof PP-11
was 260! that was higher than PP-6. PP-11 had three decsitiggosteps as well
and the mechanism of the first decomposition steg similar to PP-6. However,
after releasing NgJ APP might react with M-UF to form Si-O-P and SiSD
cross-linked product 2 (p-2) and product 3 (p-3)isTmight be the reason why the
residual mass of PP-11 was higher than PP-6 at'.36M the one hand, p-2 and p-3
might further cross-link to form char layer withmperature increasing. On the other
hand, acids released from p-2, p-3 and APP might gdrompt PP to from
cross-linked char like PP-6. Finally, the residabér mass of PP-11 was 10.4% at
8001. The Ty of PP-6 and PP-11 were clearly lower than PP-talse the initial
decomposition temperatures of additives APP, UF MAdF were obviously lower
than pure PP. Therefore, the adding of UF/APP aAdRYAPP did not improve the
initial decomposition temperatures and they wereodgwosed ahead of PP. The

maximum decomposition rate of PP-11 was the lowdstvever, T,ax were ranged



from 460 to 480! without significant difference for these four Péhgosites , which
were in agreement with thedrrin MCC.

There was no great difference in decomposition ggedetween PP-6 and PP-11,
but decomposition and char forming mechanisms mightifferent. The possible

decomposition mechanisms of PP composites are sho#cheme 2.

e 9 i
vo—P—0~P70+CHZ—NH—C~NH]LH -m
o-b-0-b-0 b © "
Ar0-P-0—P—0wnn ONH,*
| | @ - NHj, H;PO,, HPO
ONH,” ONH,* « o g l 3, H3PUy 3
Char foaming
- NH;, \Kc,\"’!-,!
0o
oW
o
N 0=P-0-P-0nr
OH ONH;"
I 1
ban-on-ci ooy,
R
I
; | MO—I"—O—I’—OW
0 (I) ONH," (") ci) ONH,"
H‘{NH‘C‘NH‘CHz}O_Si_(ﬁ:Hz)s H{NH—C-NH-CIIZ}O-Si-(CHZ)J—NHZ
o n (I) NH, + n |
Il 1l |
~O0-P-0—P—-0nn» H{NH-C*NH*CHz]»O—Si—(CHIh-NH2
ONH,* O " b

Char foaming
Scheme 2 The possible mechanisms of pyrolysis hadforming for IFRs (UF/APP
and M-UF/APP) and PP composites.

It is significant to know the components of residaobhar for further explaining
pyrolysis mechanisms. Therefore, PP-11 residualschabtained through Muffle
furnace at 350, 600 and 80pwere tested by FT-IR and EDS. Fig.6 presents the
results of FT-IR and EDS. The peaks of Nkt 3050-3320ch decreased at 600
and disappeared at 800explaining the further decomposition of NHThe peaks of
-CHs at 2960 and 2870 c¢mand -CH-CH,- at 2920 and 2830chstill existed at
35001, which was consisted with the main decompositionT(GA. Besides, they
decreased with the increasing of temperatures,hwnidicated the decomposition of
main chain for PP-11. The peak at 1642dpecame wider, indicating the appearance

of C=C. The peaks of 970, 1080, 1166 and 1255dpelonging to the symmetrical



stretching vibration of P-OH in HR® and HPQO,, PG in HPQ?, PG in H.POy
and PQ in PG, decreased at 600and disappeared at 807J27]. It suggested that
APP was gradually decomposed with temperature asang. Furthermore, the peak
at 1020crit might belong to P-O-Si and Si-O-Si appeared at 380d became wider
at 600 and 800, indicating the producing of cross-linked struetpr2 and p-3. The
EDS data investigated the contents of carbon (@)gen (N), oxygen (O), and
phosphorus (P). The content of C was reduced at!6@0e to the oxidation of
unstable C, and increased a little for the inforarabf stable C=C [28]. The content
of N was kept decreasing because of the relealiélg@fBesides, the content of O had
increased at 600 because the release ofHwas reduced, and further decreased at
800 ] for the further release of.@ and HPQO,, etc. However, the contents of Si and
P were increased. It might be because of the foomalf stable cross-linked structure

P-O-Si and Si-O-Si and the decreases of other elsme

Elements C (wt%) N (wt%) O (wt%) Si(wt%) P (wt%)

350°C 73.5 4.7 17.8 0.3 3.7

600 °C 38.9 3.6 43 0.7 13.8

800 °C 42.5 2.8 21 3 30.7

. 2960 2?20 2870 1166 1080 1020
350C 33310-3050}\ //(,2830

|

Transmittance (%)

iR ; 1 . ] . 1 AR

4000 3500 3000 2500 2000 1500 1000
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Fig.6 The results of FT-IR and EDS for PP-11 resgldinar at different temperatures.



3.4 Analysis of residual char

The strength of char layer has a great connectitimitg¢ degree of graphitization.
The degree of graphitization is higher; the striergftresidual char is bigger [4, 29].
Fig.7 shows the Raman spectra of residual char bf¢ testing for PP-6 and PP-11.
The peaks of 1591cmand 1366cr were respectively belonging to the vibration of
SP G-band for integrally graphited carbon and® $Rband for amorphous carbon.
Generally, the ratio of peak area was used to exp@ degree of graphitization. The
analytic results of graphitization were illustrated Table 5, which were obtained
through Gauss method for peak-fit processing arak eea calculating. gfand As
were peak areas of D-band and G-band respectiaetiyR was the ratio of Ato Ap.
The R of PP-11 was bigger than PP-6, which illusttahe degree of graphitization
and the strength of PP-11 char layer was greader RtiP-6.

—=—PP-6
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Fig.7 The residual char’s Raman spectra for PPeoRdh11.

Table 5 The analytic results of graphitization aied from Roman spectra

Samples Ap Ac R

PP-6 40885 49924 1.22
PP-11 38406 60204 1.57




The compactness of residual char has a significdlnience on the flame retardant
effect. The strong ability of isolating heat and/gen depends on compact residual
char [30]. The actually combusting conditions aftedl tests and FE-SEM of
corresponding residual chars are presented in .FAg8&hown by Fig.8a, PP-2 had
melting drips without obvious char layer and itsface was smooth. PP-6 had a little
residual char and its surface had obviously incomsee and large hole, which were
illustrated by Fig.8b. Fig.8c showed that PP-1Hently had intumescent char layer,

and the surface of residual char layer was consecand compact with little hole.

Fig.8 The actual combustion result photographs&aml of residual char for PP-2 (a),
PP-6 (b) and PP-11 (c).



For PP-6, phosphoric acids generated by p-1 andrAigRt cause PP to dehydrate
forming low-intensive char layer so that the reézhmert gases like NHnight break
through it, which results in loose and multi-holeac layer. Thus such char layer
might not only further burn but also generate moltgrips. For PP-11, the
high-intensive cross-linked char layer formed by2 pand p-3, together with
low-intensive char layer formed by PP through plhasig acids catalyzing, might
resist inert gases so that they are compact ansecative. These char layers might
cover on PP and prevent further combustion. Thesgefd-UF+APP/PP might form
more effective char layer compared with UF+APP/BRJ the former had better

flame retardant efficiency.

3.5 Tensile properties of some PP composites

The results of tensile tests are presented by BigddTable 6. The break strength of
PP-1 was 26.3MPa with 17.8% breaking elongationchvishowed “cold drawing”
behavior. Pure PP was crystallographic polymer amgressed crystalline and
high-elastic state at room temperature. The braaéngth of PP-2 reduced to
20.30MPa and the breaking elongation and breakimeggy were lower than PP-1,
because the addition of APP damaged the crystaitate of PP. The break strength
of PP-6 was 17.9MPa that was lower than PP-2. Tieaking elongation and
breaking energy of PP-6 were also lower than PRRRith illustrated that the addition
of UF further damaged the crystal structure of PRPaddition, the break strength of
PP-11 was bigger than PP-6, but it was lower thRR2PBesides, the breaking
elongation and breaking energy of PP-11 were latgar both PP-2 and PP-6. On the
one hand, the addition of M-UF as similar as UFld¢@amage the crystal structure of
PP. On the other hand, the flexible Si-O in M-UFpioved the toughness of PP
composites. In terms of break strength, PP-11 neayded in automotive parts such

as handle and saucer [31, 32].
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Fig.9 The strain-stress curves of some PP comgosite

Table 6 Tensile testing results of some PP comgmsit

Samples PP-1 PP-2 PP-6 PP-11
Break strength (M Pa) 26.3 20.3 17.9 194
Breaking elongation (%) 17.8 8.2 5.6 11.4
Breaking energy (J-m®)  476.2 147.6 96.3 201.6

4. Conclusions

KH-550 successfully modified UF and introduced irtame retardant element
silicon. Compared with UF, M-UF had higher therrst@bility and residual char mass.
Compared with PP/APP/UF, PP/APP/M-UF had bettemdaretardant effects in
terms of LOI values and UL-94 testing grades, whichs attributed to the higher
mass and strength of char layer. TGA results asdiual char analyses explained the
decomposition and flame retardancy mechanisms ofc#Rposites. Furthermore,
they showed the reasons why the flame retardamiesfty of PP/APP/M-UF was
better than PP/APP/UF. Tensile tests illustrated BP-11 still might be applied in

practice.
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The highlights: Firstly, considering UF high contents of carbon and nitrogen and
cheap raw materials, UF and KH-550 modified UF (M-UF) as charring agents were
studied by FE-SEM, EDS, FTIR and TGA. Secondly, the flame retardant efficiency
were researched by LOI, UL-94 and MCC for UF+APP/PP and M-UF+APP/PP.
Besides, the pyrolytic mechanisms were explained by TGA, FT-IR and EDS. The
residual char anayzed by LRS and FE-SEM. The results indicated that
M-UF+APP/PP had better flame retardant effects in terms of LOI values, UL-94
testing grades, and THR and PHRR values compared with UF+APP/PP. Tensile
properties were studied as well, and the results illustrated that PP-11 might be applied

in practice.



