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Development of PET Flame Retardant Sheets for Industrial Materials
by Control of Manufacturing Process
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Abstract— In order to establish the standard manufacturing condition of PET flame retardant sheets, physicochemical properties
of the samples made by the conventional flame-retardant finishing were systematically investigated, including compatibility among
flame retardant agent and finishing auxiliaries, surface property, and wicking property. From this results, the addition of washing and
renapping process after the shearing process was required for the more effective in producing PET flame-retardant sheet by the
standard finishing. The effect of the modification of the regular flame retardant finishing process was studied by FTIR, TGA, and
flame retardancy test.
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Fig. 1. Manufacturing process of PET FR sheet.

Table 1. Specifications of manufacturing process for frame retardant(FR) sheets

Process Equipment Process condition
. . . Folding Quantity
Unrolling  Unrolling machine
12 1,320M
. Temperature Water Light resistance R/C
Dyeing RAPID-2 —
130 Cx40’ 6400 LPS9900 3% D/CLR
. Temp./SPD Width Density Oil RPM
Presetting TENTER :
Process 180°25M/min 68" 62 P-92 4% 1100
Naooi Enelish Counts
appin, nglis
pping 8 41
. . Counts
Shearing Shearing 0
Temp./SPD Width Densit Oil RPM
R TENTER p/SPD i
finishing 180°20M/min 56" 62 FR 340 30% 1100
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Table 2. Characteristics of PET sheets

Sample Process Weight (g/cr) Thickness (mm) (“]])X egiétcym) Pore size (mm)
PS Control 1.77 0.51 62 x 70 128.2
PSD Dyeing 1.90 0.44 86 x 104 118.7
PSN Napping 2.73 1.60 112 x 114 81.7

Pore size= PS9 A% 1282um, PSD 118.7um,
PSNL 81.7umo|qict. o] AIZEE pore size:= A
A presetting—> G ->AZAFE ANHA HELE
o gar U Y & sl
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Fig. 2. Chemscope images of (a) front and (b) back of PSD and (c) front and (d) back of PSN.
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Fig. 3. Delta BS profiles of emulsions with dyeing solution(DS) and frame retardant agent(FRA) at various

temperature.
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Fig. 4. Variation of the mean value for each delta T
profile between 5mm and 35mm of emulsions with DS
and FRA.
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10 0 0 130 135 114
25 0 0 130 126 73
60 0 0 129 119 34
*! PSDya ; PSD treated with napping agent
Table 4. Wicking speed of FR-340 solution
Sample — Wicking speed (mm/mi3n(§ - —
PSD 0.12 0.62 1.27
PSN No deeping No deeping No deeping No deeping
PSNw'' 0.10 0.56 1.14

*! PSNw ; PSN washed with HP-SAM 0.9g/ { at 80°C for 20min
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Fig. 7. Change in manufacturing process of PET FR sheet.

L@
(©

W] [
i
Ke]
< |q@ ('
i N
4000 3000 2000 1000

Wavelength (cm'1)

Fig. 8. FT-IR spectra of (aP-FR, (b)PSN, (c)PSFR,
and (d)subtracted spectrum (c-b).

A3 AERHY d2 2HEHY AFZAHW@
(-9 FT-IR9 F&AHEHE ey 740]1:}
”*11 FdA FLAYEF@E HE, 1250’

Zolq P=0 A%A%o| & F433, 1080cm”
9} TJotsen” BIA P-O0 AZAEF 9§ F57
3, 800cn” HZoJA P-O-P AZAEo| 93t &4
93 9 1456cm” F2o|A N-H FaAFel 3t

2039 3300-3000cm” EZoJA NH, AZAZ
of o3t F4ua2RE E U4 E F(Ammonium
Polyphosphate, APP)T} ZASIgHE 95 WxA

o QA wAAYS FAT 4 UYL, olE 54
128 AFFAOY FerumdANs GAT
49k AoRYE B AYHY BHo sk
ABAY AAGAA = g% sl & 4 9ot
35 Mz SEHOojof ogt A

Fig. 9= PSN @ Fig. 79] 4o FR-PHIH

PSFRY|| o3t TGA E4ZAZHE A2 ()FFE
A& (%)T (bDeriv. Weight(%)& UYeERA Ao|t}.
Fig. 1094 & & & AF Zo| uHyA
dAAZARE G2 94 FFALE YT
HA, Ulﬂﬁl*lﬂ«l 74% e AF2 4315C
A ML EL 43937090

°l

SRR i s SR 4393Co|g
. olF FHELRS 610C $I7HA gush
ZaAT} ol F Fagol HHOR F7hE Y

i (a)
100 = \W
; PSN
H ——— PSFR
80 | !
= i
O\ H
= 6o} !
< |
(2] :
© |
2 40 i
\
20 |
0 . . .
0 200 400 600 800
Temperature (°C)
20
(b)
PSN
6 15 ] —_——— PSFR
e
X
£
s 10 -
£
2
8 51 s
w‘
j \
0 A
0 200 400 600 800

Temperature (°C)

Fig. 9. TGA(a) and differential curves(b) of PSN and
PSFR.

AN 7Y A, 2 AFL 3925C=E
UWEMI Hlgte] WolR . GRS AFo]F, fii
w9 FFHLE0 AdFer g3 REY F
Fhr2E 9A 4542C2A njA o H|gte A
- a}u&z& ZSLALE 6185C7HA]

#adnrt ofF gagol T

r-lu:
2
>

Z&E«l %‘ % ‘d"dxﬂiﬂ

2 RS LEOM s &
oA Zrerdis A

=3 °ﬂ —JOH EP’“Ji‘j‘(char)%

m
s
o

)
o
ue =

o
-0,
Mr X

Fj

Ap

=2 r
b 45

i to

ng

[Sud

T O N p@ o4 (o

o
é
gf
i
A
I
(S
oZ,
N
N
L)
Ko
!
fr mv 1 e g
9|L
o

T
‘e
=

J. of the Korean Soc. of Dyers and Finishers, Vol. 21, No. 4 | 53 |



‘ ol 0
o

=0l
T

Qb

|ol .

fuily

o
o

2

. gt
=

Table 5. Composition of the FRs

Composition Organic ;’Eosphorus Nitrogen-Containing FR Surfactants
Water
FRs TCP TPP GDP APM AHP Nonion Anion
FRO - - - - - - - -
FR1 30 10 6 2 52
FR2 30 10 6 2 52
Comp. FR3 30 10 6 2 52
FR4 30 10 6 2 52
FR5 30 10 6 2 52
FR6 30 10 6 2 52
Table 6. Burn rate for the sample treated with FRs
Sample FRO FR1 FR2 FR3 FR4 FR5 FR6 P-FR
(mn?rl:in) BURN SE SE SE SE SENBR SE
* B : Bum

SENBR : Self extingush not burn rate
SE : Self Extinguished
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