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ABSTRACT : Among many types of flame retardants, the most available halogen-containing flame retardants were put
under environmental restrictions in their use, so non-halogen type phosphorus-based flame retardants have come into the
spotlight. When added to resins, flame retardants commonly bring about thermal degradation and decrease in mechanical
properties of resins. Studies of new flame retardants were carried out in an attempt to minimize degradation of physical
properties and require enough flame retardancy. In this study, three types of non-halogen phosphorus-based flame retardants
were synthesized with diaryl alkyl phosphate esters, aromatic phosphate esters and phosphonium nitron flame retardants,
which were then identified for the synthesis and thermal properties by gas chromatography (GC), IR and thermal gravimetric
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check®

analysis (TGA).
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Figure 1. Various phosphate flame retardant.
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Table 1. The chemicals and reagents used in the experiment
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7] Wzl A QUA FAAE E3sh= v] EEAA G
A7F oiRko 2 w e =31 QIThPT g Al QA dAA =
AQl, QAo ~H 2 (phosphate), 37~ ]| E(phosphonate),
X AT o] E (phosphinate), X~ SAFO] = (phosphine ox-
ide), 3 ~3}4ll (phosphazene) 5-©| 9. 2.™ Figure 1°] T3t
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Name MW b.p. m.p d chemical roduct
(g/mol) (C) () (g/em?) structure p
Phenol 94.11 182 40.5 1.071 CsHsOH JUNSEI
Chem
CH3(CH,)s YAKURI PURE
Octanol 130.23 190 -15 0.835 CH,OH Chem
Phosphorus DAE
Phe 153.33 105.8 1.25 1.645 POCI; JUNG
oxycloride
Chem
SAM
Resorcinol 110.11 178 110 - C¢HsO, CHUN
Chem
Triphenyl DAE
pheny 326.29 244 50 - (CeHs0);P(0) JUNG
phosphate
Chem
Potasuim 13821 ) 391 2430 K,CO;s YAKURI PURE
carbonate Chem
Ethanol 46.07 78 - 0.790 CH;CH,OH
Phosoh. SAM
OSphorus 141.94 - 340~360 2.390 P,0; CHUN
oxide
Chem
. . DC
Triethanol amine 149.19 190 17.9~21 1.124 (OHCH,CH,);N Chem
SAM
20,
28 30/0. . 17.02 36 =77 0.890 NH; CHUN
Ammonia solution
Chem
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Table 2. The reaction of POCI; with alcohol
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reaction condition

POCl; Ist alcohol 2nd alcohol
No. le) (mole) (mole)
(mo Ist reaction 2nd reaction
A-1 3hr/100C
i phenol octanol o q
A2 1 (15) (15) 6hr/100°C Shrs / 120C
A-3 9hr/100C
A-4 3hr/100°C
phenol octanol 5 q
A-5 1 (1.6) (1.4) 6hr/100°C Shrs / 120C
A-6 9hr/100°C
A7 3hr/100°C
i phenol octanol 5 5
A-8 1 (1.8) (1.2) 6hr/100°C Ohrs / 120C
A9 %hr/100C
A-10 3hr/100C
phenol octanol 5 q
A-11 1 2.0) (1.0) 6hr/100°C Shrs / 120C
A-12 9hr/100°C
A-13 3hr/100°C
octanol phenol . q
A-14 1 (1.0) 2.0) 6hr/100°C Shrs / 120C
A-15 9hr/100°C
A-16 3hr/100°C
octanol phenol 5 5
A-17 1 (12) (1.8) 6hr/100C Shrs / 120C
A-18 9hr/100°C
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oxycloride 9} alcohol &] WHg- =8]/A|7bel| W RES 20S 1} stz sk v 7o x] ] kg e whE DPMOP(H
ERl 32031 Table 3 “1of] e ®bg- A5 ekl Zlojth TAEE)2 W3S vwst A} A-10 WHgFE710] 7HE A
WS 27 phenol®] WES BWI7E 74 E AAH R TP A lole AZbAT. o] el BE A WeAS
o] Aol F7kekE AES BAlth HA9 Wy 2315 gl Figure 2¢] “ERASITh
Table 3. The experimental result obtained from reaction of POCl; with alcohol
No. 2nd reaction reactant(%) yield
time (hrs) TPP DPMOP | DOMPP TOP (%)
3 - 50.2 49.8 -
A-1 6 - 52.7 473 - 61.0
9 - 52.0 438 42
3 85 53.8 377 -
A-2 6 12.2 56.4 314 - 65
9 16.6 55.7 252 2.5
3 19.0 54.8 26.2 -
A-3 6 19.4 58.2 224 - 63
9 24.5 57.8 17.7 -
3 - 60.5 39.5 -
A-4 6 - 63.5 353 1.2 66
9 - 59.8 349 53
3 8.8 59.7 315 -
A-5 6 12.9 58.0 29.1 - 71
9 17.4 56.4 235 2.7
3 26.0 58.0 16.0 -
A-6 6 29.0 57.0 14.0 - 73
9 31 53.0 16.0 -
3 19.0 69.0 12.0 -
A-7 6 20.6 70.4 20.6 - 63
9 16.8 70.2 13.0 -
3 342 64.2 1.6 -
A-8 6 33.8 63.1 3.1 - 68
9 31.1 61.8 7.1 -
3 44.0 60.0 14.0 -
A-9 6 45.0 58.4 12.6 - 67
9 45.0 55.0 14.0 -
3 10.5 82.6 6.9 -
A-10 6 71 85.2 7.7 - 87
9 5.2 86.9 7.9 -
3 28.5 57.8 13.7 -
A-11 6 30.4 63.1 6.5 - 65
9 34.1 62.9 3.0 -
3 31.7 62.1 6.2 -
A-12 6 34.6 58.3 7.1 - 71
9 47.6 46.7 5.7 -
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3 20.8 40.2 27.5 11.5
A-13 6 20.2 443 24.5 11.0 66
9 21.5 47.1 18.8 12.6
3 224 48.8 20 8.8
A-14 6 23.5 50.2 16.2 10.1 69
9 24.1 49.1 17.4 94
3 232 48.2 16.5 12.1
A-15 6 24.1 53.5 11.9 10.5 68
9 24.8 55.6 9.3 10.3
3 19.8 39.5 23.2 17.5
A-16 6 20.4 43.1 21.2 15.3 73
9 20.1 42.7 24.0 13.2
3 21.1 40.5 13.0 254
A-17 6 18.4 41.4 16.7 23.5 69
9 179 42.2 18.8 21.1
3 18.4 38.5 13.7 294
A-18 6 19.1 42.6 12.2 26.1 74
9 19.4 40.9 16.9 22.8
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Figure 2. Synthesis of diphenyl monooctyl phosphate.
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Table 4. The reaction of TPP with resorcinol

No. TPP (mole) resorcinol (mole) catalyst (mole) reaction condition
B-1 KyCO; / 0.03

B-2 1.0 0.5 KoCOs / 0.06

B-3 K,CO; / 0.09 130C / N b
B-4 K2C03 / 0.03 o

B.5 1.0 0.66 K:COs / 0.06 130C / N 1
B-6 KoCOs5 / 0.03 .

B.7 1.0 0.75 K,COs / 0.06 130C / N b
B-8 KyCO; / 0.03

B-9 1.0 1.0 KoCOs / 0.06 130C / N 1
B-10 KoCOs / 0.09

B-11 1.0 1.15 KyCO; / 0.03 130C / N 1
B-12 KyCO; / 0.03 o

B-13 1.0 1.30 K,CO; / 0.03 130C / N 1
B-14 1.0 1.50 K,CO; / 0.03 130C / N 1

Table 5. The phenol extraction amount and yield obtained from reaction of TPP with resorcinol

No. phenol extract with time (mole) yield appearance
2hr 4hr 6hr 8hr (%)

B-1 0.453 0.614 0.725 0.982 86.4 high vis. liquid
B-2 0.574 0.713 0.731 0.881 85.3 high vis. liquid
B-3 0.630 0.718 0.817 0.875 84.5 high vis. liquid
B-4 0.688 0.757 0.868 1.115 88.8 high vis. liquid
B-5 0.672 0.748 0.860 1.120 79 high vis. liquid
B-6 0.689 0.874 1.072 1.225 86.6 high vis. liquid
B-7 0.714 0.899 1.221 1.478 72 high vis. liquid
B-8 0.769 1.103 1.202 1.712 83.6 high vis. liquid
B-9 1.238 1.315 1.469 1.781 61.8 high vis. liquid
B-10 1.156 1.279 1.391 1.734 82.8 high vis. liquid
B-11 0.707 1.294 1.383 1.871 74.7 high vis. liquid
B-12 0.986 1.478 1.784 1.912 72.5 solid
B-13 1.365 1.760 1.881 1.924 73.6 solid
B-14 1.382 1.650 1.93 2.01 62.1 solid
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A #ek 47F 3 120ColA 3217 ¥h-g-5 R3A| 7] 3 ThA|
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~35TCeoNA 9G-S X A7]= BES T2 A5 HCl gas]
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3HSITE T3HAl NH, 719] ={] o2 st vy & ¥4
T]O]Eﬂ' A=A At 9 A7 B SR W Rk

2 phosphateE T 0.2 3l N 94 18| & AME-51Y] am-
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Figure 3. Synthesis of resorcinol diphenyl phosphate (RDP).
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Table 6. Characteristics of end products with different alkyl groups

319

o] Zop} LolAE welio] J5ah Ptk A% F2s
k. Table 690 et o] 714 alll ES15He] BHE 1%
& 5 g eel 7 delAE Q18 ke vy Hlas

Alkyl end product appearance fire retardancy
C1 Ethanol transparent liquid excellent
C-2 2-propanol high vis. transparent liquid good
C3 Hexyl transparent liquid good
high vis. paste .
C-4 Octyl brown, excessive color change inadequate
C-5 Lauryl beige solid inadequate
C-6 Cetyl pale yellow solid inadequate
C-7 Strearyl yellow solid inadequate
Table 7. Simple buming test with C-type flame retardant
burning time burning length
N2 (ﬁ'
C-1 2.5 sec excessive char formation 2EtOH + PO _—T_’ 2(EtO—T—0H)
OH
C2 6.5 sec excessive char formation .
l 1 Triethanol amine
C3 11 sec 1.6 cm
9 o—ﬂ'—nm
Cc4 3 sec 2.2 cm LID—?—O\/A /‘“~/ j
OH
OH
buming characteristic J' 0.3 Phosphorus oxvcloride
1
! E0—P—0 EO—$-0
o o
c2 =~ § 5
; (:r—l—cn/"\/N T o—p-07
c3 : . |
OFt o 0
— g 0—1?—0131
O X °
- i E e \\_.-’—"‘\\
Figure 4. Illustration of simple burning test with C-type flame 0=| —0 (I)
retardant. OEt 0—1"’—05::
o
AAE s T Utk S 9E F A FHRE Fote] BY lzgmg,u% ammonia water
VS ES AANTO] S Q1T ofn), A oI5t amine (neutralization)
Walo] WAL 5 Qo elAe] g Wie] WAL 5
Atk Table 6 FAA] T4 A ofe] 714 9] alkyl” | & AH&-8t
S w AAE] A welAdS el Zloltt alkyle] 2 Figure 5. Synthesis of phosphonium-nitron flame retardant.
ok Aol A5E HEA U T @ 5 AU alkyl?]

= Alate] 71 AF}E Table 7 2 Figure 40l LFERA SO
ethanol S AFLSF C-1 3] W A7) 718 welAjo] 954-3kS
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# |RT(min) area(nVsec) form | width(sec) | area rate
1 3.655 4071.174| BV 7.900 53.586
2 3.733 141.783| VB 5.700 1.866
3 21.367 1199.579| BB 18.700 15.789
4 22.233 914.399| BP 6.600 12.036
5 22.463 1270.520, PB 14.800 16.723

Figure 6. GC data with various diaryl alkyl phosphate ester flame
retardants.
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Figure 12. TGA data of phosphonium nitron flame retardant.
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