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Abstract—Diphenyl ethanolamidophosphate(DPEAP) was synthesized for the purpose of
developing a new flame retardant for cotton fabric.

As the intermediate material was used dipheny! chlorophosphate(DPCP) and it was synthesized
by using phosphorus oxychloride and phenol as the starting materials. The final product DPEAP
was obtained by the reaction of DPCP and ethanolamine.

The flame retardancy of cotton fabrics treated by DPEAP through pad-dry-cure(PDC) process
was examined at various conditions. The physical property change of the DPEAP treated cotton
fabrics were investigated by examining the drape stiffness, the wrinkle recovery, and the tensile
strength.

The results are summarized as follows :

(1) DPEAP has shown excellent flame retardancy on cotton fabrics in comparison to other
flame retardants for cotton fabrics available commercially.

(2) The optimal condition for PDC process found was that the curing temperature was 160C,
the DPEAP concentration was 10%, the catalyst (NH,),HPO, concentration was 7.0%, and
the fixing agent hexamethylol melamine (HMM)/DPEAP weight ratio was 1/8.

(3) The wrinkle recovery of the processed fabrics increased with increasing DPEAP concentration.

(4) The drape stiffness of the cotton fabrics treated by DPEAP have shown essentially no
change until increasing DPEAP concentration to 15%, however DPEAP concentration exceeds
20% the drape stiffness increased drastically with increasing DPEAP concentration. When
DPEAP concentration is kept constant the drape stiffness increased with increasing (NH,),
HPO, concentration and HMM/DPEAP weight ratio.

(5) The tensile strength of the processed fabrics was lower than that of untreated fabrics,
but the tensile strength retention increased with increasing DPEAP concentration.
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Diphenyl ethanolamidophosphate®] ¥4 o}
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Fig. 1 Apparatus for a synthesis.
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Fig. 2. FT-IR spectrum of DPCP.
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Diphenyl ethanolamidophosphate 2]
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Fig. 4. FT-IR spectrum of DPEAP.
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Table 1. Add-on and char length with respect to the concentration of DPEAP

Conc. of DPEAP(%) Add on(%)

Char length(cm)

Warp Weft
0 =) o
6.6 o o
7.6 3.0 2.7
10 14.8 2.3 2.1
15 23.4 24 2.3
20 32.7 2.5 2.1

Table 2. Add-on and char length with respect to HMM. DPEAP weight ratio

HMM/DPEAP Char length(em)
i i Add on(%) -
weight ratio Warp Weft
0 13.8 2.9 24
1/16 14.2 2.6 2.7
1/8 14.8 25 24
1/4 14.8 2.1 24
1/2 14.9 24 2.3
Table 3. Add-on and char length with respect to treating temperature
5 ’ W Char length(cm) o
Temp.(C) Add on(%) AN
Warp Welft
140 14.1 2.6 2.7
160 14.8 23 2.1
180 14.5 26 i 24
< o, Mal¥ AlE29 add-on W Hsprlol 3.5 gxig] 2=0 2 xgjze) gy
yebd Aotk Table 20141 o 4= Uiz ne (o
DR Table 3 DPEAP®| 12 10%, HMM®l &
add-ond& HMMe] Ap&-gho] H7ha 4254 - ‘/PGP 1L .
o . DPEAP Ah&Fe] 1 8, (I\II ). HPO, 9 ARg- k-
4o DPEAP A2l 180]4¢ A folli: -&7F )
7.0% (owb) it ar4abal ¢aja] &-1oi 140C, 160
aafo] Lheh 2] ergkth B8 HMMeO] 49: <& ’}?5
- C, 180CH MSAYPAA A% Aulsls o A
42 wrgdAdo] Z7hshl DPEAP AMEiFel 1 80 ] ]
] Clxe] add-on g whsb7lolit tiekd sleluh
AU ESelE Wl Evh @A Vel Fop .
. Table 3014 @+ 4= Q1= vpe} (ro] 9lxe] f-wivt
B F7h gith, HMM Ab&-afo] &vbdtell wpep ‘ . A ; ]
. 140C Ht} 160C, 180CH W9k Welde opdt
Aol Fvhehe e Hel® el HMMel & s ‘ 5
} ) . L/bshb 160C BrE 180Cel Al i add-on ¥ T
gko] Z7lale] Sl A Frekol Fvkgros gl .
] olale- @&l ofdh (hAghE oF & vk olul
z]iﬂ.o A g ubE dk &) ol3k ol =)
L BeEAE WA g9 TS amy] e e #2 Al%eh DPEAP W
s, ol#g Hel ZyloiAs HMMe| AF&gol - ,
i HMM 9} 3-2teke 2=vhsht 180Coll Al+= DPEAP Y}
DPEAP AR&2e] 1/8 Hvb WAzl #HA4 =
c8lslel add-on W WIAdo] Myl 160C
Moz Aztgct )
v ghagh glelgl FAw, HEF o Al
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Diphenyl ethanolamidophosphate®} A3} WA Gof s HEFA 31

Table 4. Add-on and char length with respect to (NH,),;HPO, concentration

(NH,).HPO %) Add on(%)

Char length(cm)

Warp Weft

4.5 115
7.0 14.8
9.0 16.0
115 18.0

29 24
2.3 2.1
2.1 2.6
21 24

232 160CH=7F A Aoz Azt

3.6 (NH,)HPO,

ARgoll wh2 AMHE]Eel wWdA Table 4+
DPEAPS] ¥% 10%, HMM<| %2 DPEAP A}
|82] 1/8, dAe 258 160CE A48ty (NH,
)HPO, 2] A& 45%, 70%, 9.0%, 115% &
A 7IEA AES Helfe W M Ee add-
on ¥ ©3Zolg Jehd ZHolth

Table 4941 & 4= & Hke} Zo] (NH,),HPO, 9]
AMg-Eol ZF71E £2 add-on 2 WIS &7}
3k o]R-& (NH.)HPO,o AMggko] Z713t
% HMM2| ¥3gfo] Z7ste} add-onol ZE7F
Rem, HMM F3eke] Z7t2 Qs xe X
e A Fagol SUiste Q- AaTre) A
A7} 3l o] W Ado] 2713 Ao g 2 Hn
28 (NH),HPO, 8] AME-gFo] LY o 4kof
oAg Ao syt AR, HMME R3eko
T7HEEE AR HAl ZUlEHA Hl=2 (NH),
HPO, 8 AH&3FE 7.0% (owb) A= H33 A
o2 A

3.7 Me|zel Loz

Fig. 7& Hg&x 160ColA HMMel <%
DPEAP AHg#9) 1/8, (NH,),HPO,o] Atg2
70% (owb)2 1481 DPEAPY ¥%& W3
A71EA g 22l 2o BAEE vebd Aol
Fig. 7914 & = 3= vt} @o] 5% 15% U}XL——

—E Yt o rlo

TE/F FTbe e FdEe) e A glow,
20%AM FAH3] Z7istn Yk olAe ¥% 15
% 7HAE Adf ol DPEAP7P 898 HMM3H¢]

stshAgto] FAJElo] FAre Wil AA 9%

60 — T T T T

® warp

50 + |/ wett .

H

o
T
I

300 o -

Drape Stiffness(mm)

20 - L [ | .

10 1 1 i !
0 5 10 15 20

DPEAP concentration(%)

Fig. 7. The change of drape stiffness with
respect to DPEAP concentration.

oA gk od, 20% ol A= DPEAP7} Ad-f-ui -
¢ oopet EHAE Ago] YA dFolat
e
Fig. 8& DPEAPY 5% 10%, HMM2] A}8-3ke
DPEAP?| /8, dxlg] &% & 160C2 nA43}1,
(NH).HPO, | AM832 45%, 7.0%, 90%, 115
%2 WS 7IEA HES AHYUS o Az
FA=E JEPE Folth Fig 894 & F U&=
vkel ol (NH,).HPOQ.9| Atg#o] Z718 42
A= FUket) o] A2 (NH,).HPO, A&
o S7tell et HMMo] x}7]53}o]) of &) Sa}eto)
S7H8tE g AAxrt Z71E Aoer FAHn

Fig. 9= €2j8] &% 160C) A DPEAP] s %%
10%, (NH);HPO,® AH8%2 70% (owb) & I

%N Mg m{o
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Fig. 8. The change of drape stiffness with res-
pect to (NH.),;HPO, concentration.
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Fig. 9. The change of drape stiffness with res-
pect to HMM 'DPEAP concentration.
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Fig. 10. The change of wrinkle recovery with

respect to DPEAP concentration.
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