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Characteristics of LDPE resin film depending on RP contents
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Abstract Due to tightened environmental regulations on halogen type flame retardants, the portions of those based
on phosphorous compounds that are non-halogen type is rising. When producing functional film, the physical and
thermal properties become distinctly different depending on the amount of Red-phosphorus(RP) addition which causes
flame resistance. The physical properties of resin fall in big scale when too much flame retardants are added, and
it is hard to be applied to functional films such as shrink or anticorrosive film. The purpose of this research is to
study the effects on mechanical, physical, and other properties of RP-LDPE films by changing the RP-MB contents.
The LDPE film used for this study was produced through blow-type injection molding. The flame resistance was
VTM-0, and the tear resistance showed inverse trends of MD and TD. Contraction percentage showed no relationship
with the amount of RP content, but the anti-corrosive property showed 0.05 % better result than the national
anti-corrosion shrink film reliability standard.

Keywords : Flame retardant, LDPE (Low Density Polyethylene), MB (Master Batch), Red phosphorus
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2.1.1 Halogen 7| &lgtE A

2)2+4 halogen ¥l wel dleo] E37t detA
W, E2F)9 B CFo AZANUA7L A 7170
U 27] el Aol &3} vttt Todines A%
N7} Y- oFsl7] el didAdS fAsked 28
#o|#] Zalth{1]. webA halogen] WA ZE HES
HAA S} Ahst dAAR B/ 5 den, ClET <
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2% 237 &old Bro] HrE dAl7E F2 0] &y
3 AlEOH] el A HellA] $-9lol AT5-7].

Halogenl dAA19] =4 w752 7]/dellA o
Z X7F Al 83 9GS dte g3 A Qe H
©} OH®| &43tE WafstiA d54 Axves E71
SatA gk HX= WheAo] mif- =2 He 9 OH @ ¢
2skE Aslgt.

RX -> Re + Xe
Xe + RH > Re + HX
HX + He > H2 + Xe
HX + OHe -> H20 + Xe

X o & ThA] $7lmiash Aguee s ok,

Xe + RH > Re + HX

21.2 QA zterE |
RoHS, WEEE & EUE
Z5FA| = 913) halogen] W
2 3l A FAAE xFeH
Fe wWe=i 9t 53] 1A

&k vl Alagoez 7

Fig.13} Table 1 i<l <
el thgt F-x9F 5435 YR Aotk A<l & it
o] 2~H| Z(phosphate), ¥2=¥U|o|E(phosphonate), 2=
3] Y] o] E(phosphinate), 3 2=¥ $A}o] =(phosphine oxide),
X 2314 (phosphazene) 5©] ITH10].

\.'-') ;\é) ‘-ig
G D

Fig. 1. Structures of red phosphorus.

Table 1. Properties of red phosphorus.

Properties Red phosphorus.

Atomic number 15
30.9738
ls22s22p(’3 s23p3

Relative atomic mass

Electron configuration

Atomic radius 93pm
Relative density 22
Melting point 380 ~ 400C
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3]] .J./\_,L](PH3) HL/K{]}J%
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T

|7}
3} 7173 A €]
EH7} Vet

o ~H 2 WEihS(trans esterification),
(dehydration), &<*WH3-(dehydroxylation),
(carbonization)ol| 9]3}&1 char /o] &3]
FHel EAF o oJste] A LA}
F2o] Ay dagddozo dAs(fuel) ITF
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o] AAEM[14-15], TZAA FAA S} FAFSE Tl 7]
Toll 2]3)] hydrogen¥} hydroxyl radicalS X33} 7]
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PO, ® OH e
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H, + PO,e
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+
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2AI(OH); -> ALOs + 3H,0 (180 ~ 300 C, -1075 kl/kg)
Mg(OH), -> MgO + H,0 (300 ~ 400 C, -1220 kl/kg)
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7bee&e]  wEk Al(OH); -
vinylacetate copolymer) 2 EEA(ethylene - ethylacrylate
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/\-lo]] o8t g ow Yalge

el Bo} &7 ot

2o s o
melting glass)= 3743}
717 FARE o xuHA
v 239 JE7).

Sb,O5(AHAFQEE) 2 AlUA g d7E A7) il
Halogen W+e17l9} &7 Al 1 e}, Aakslote] e
R W] shelee] B2 SALE
shag AR ol AdE SAITEA BetEE
dj=o] gEAlstzo] Hrk rElEe] FEAsE 2 o
Al 7Vdel WS AIAA Fd makE =9

EVA(ethylene

PR

o=

o

£
>
N

k!

=1

2 AR

3}

Bt e

Y
wel

=

5

Fl

Al

C

1~> HE

2.2 7|sM film
Flg 29], 7Lo] Z_T'_o]jj}. 7]———}\‘1
(stretch film) & &9

= 0 U
EF T mEA LA 3

=1

Sz
A7t gFai, 7 ]
s bl ﬁ](polyoleﬁn)

1B
U

2 Zgo9uU(PE), ZY=Z2AAPP)Y ZYFsd
(PVC)o|t}. PP= 5 2 stretch 7o) Hlaa g A}
|5, o]& T Aol vlsiA vk Ade] EAS B
o]7] wjitolm, ®gk PP= HlA & S Zton),
T Al Aol "ol = 540 dith PVCE #7384
FARZ Aste] FHy vjFol A FAE W da A3
ojth.

PEE 4= 9 stretch Z30] 714 dubz ¢l A=

£ Aol Hlgl A7tolw B He o W} ikt

7ss A AR el 7hssith

PE /‘Z.:JE__,] ola}x%o /\ZH‘— xﬁuh: ig]o]]a;,ﬁ_]
(low density polyethylene; LDPE)©]™, LDPE+413 A
Ux Zgd e e(linear low density polyethylene;
LLDPE), U =Zglog
HDPE)E 4%

Oty

(high density polyethylene;

Z7}sk LDPE 5°] 312, LDPE+EVA
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(ethylene vinyl acetate), LDPE+EEA(ethylene ethyl

acrylate)’d 5, EVAS} EEA (8% 7HA)Z %%i}xﬂ 7HXE‘
sto] o] gsl7|E g} S PEC HUlbele BE T
vinyl acetate(VA)EE+ ethyl acrylate= YW o= 3 ~
4 %2 At At} Irradiated PE ZH(EVA AFE
e BE Bolv =AL SAE 24| o] &HoA| 1L
At

Functional film for heavy industry

VCI Anticorrosive Automatic packaging
shrink film

Flame-retardant

machine shrink film anti-corrosive film

Fig. 2. Types and classification of functional film for
heavy industry.
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Fig. 3. Schematic diagram of the blow process
* MD: Machine Direction, TD: Transverse Direction

3. M M2 Y uy
3.1 A8 M=
2 Aol A Al-8-%¥ LDPE(low-density polyethylene)
FAE FU7vZ LDF20IFG AES AM&sglon,
E4 4 5242 Table 29} 2t}
ZIMBE a2 oA 5 98-S dt= MUt
2 Ca-st, LDPE-wax 522 wighal 291 35%7} ghr

=
# palletHle] HIMBE AH5T, LDPE 4712
baseZ 3}t

¢l MBZ LDPE 44| W] 2 o
wjg-alsiet 5 kg 7o

sk
275,10, 15, 20 wt%2] %]



A9l F-5Fo| ©Z LDPE 47| filme] EAATL

ALES Az film Axe=
0]

BRle] AlEe S Sl ool Atk

Table 2. Properties of LDF201FG.

Fig. 49} %] blow

Properties Unit LDF ASTM
P 201FG Method
R Melt index /10min 3 D1238
]SE Density g fom 0.922 D1505
I ) . . .
N Vicat softening point C 95 D1525
Tensile strength at break
ki
MD/TD g/cm 270/220 D8g2
Ultimate clongation )
F MD/TD % 310/580 D882
'] Secant modulus MD/TD | kefew | 21002300 | D882
L
Elmendorf tear strength
M
MD/TD g /um 6/4 D1922
Dart drop impact g /um 2 D1709
Haze % 7 D1003

Fig. 4. Manufactured film through the blow process.

Table 3. Composition ratio of specimen.

Specimen Red P-MB wt% LDPE wt%
(base on Skg) (base on Skg)
S1 7.5 0.25 kg 9.5 475 kg
S2 10 0.50 kg 90 45 kg
S3 15 0.75 kg 85 425 kg
S4 20 1 kg 80 4 kg

S1 ﬁlm«] 0 /\El;d;H z%o]g—.?rakﬁ_ ok 26 Wt%O]
B, S2% 3.5 wit%, S3- 5.3 wt%, S4+= Twt¥%o]t}, Tl
gl 5 A 28EY FdA4H filme 9 =
sk = 9l7] Wil 10 wt% ©lake] # <l
Atk Fig. 5% A|1ZF HL-LDPE filme]th

Fig. 5. Manufactured film through the Blow process.

S 53 2)¢1-LDPE film AZA] 2¢l0] graft &
A=A E1sh] fls) Ae]M 3 (fourier transform
infrared spectroscopy; FT-IR, NICOLET 6700)2 A&
i

3.2.2 SEM—EDS 24

Az AQLLDPE filme] A} A&} Av]7 (scanning
electron microscope; SEM, S-3000H, Hitachi)S &3}
FA#E-S AAISkaL EDS (energy dispersive x-ray

spectrometer) “J& A4S 3T

_?,]

gtk g2 £x9 LE% (130i1) TE FA389
t}h A8 A sizeE (100+£1) mm x (100+£1) mmE 4|3}
o, FAE 100 mE =¥ TUsgch

A3l ol whet filme] MD/TD WaFe] <1 A
o WA= JE&FS Hotsty] ¢l8) KS M ISO 6383-2¢]

o
A,a
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=
o] (6.5 + 0.2) mmE 7|22 MD ¥ TD
Wako] whel Z4zE 10702 F=REEITE Al A=
Elmendorf tear testerZ ©]-83}31c}

3.2.5 HHM
Q] Fhfriko| A4 7= KS M OISO
9773[18]°ll wg} Fig. 62 HA =9} & 2 ALA Y

W (VIM; vertical burning test)oll <]3] 2A|5F3T

¢

4
& ABL Ao wws) 98 B ow 2
2

A Y Q2 A ZAFORA Ul 5HE

specimen
v
£
E
(=)
2
£
£
burner 2
\\
[»
E
£
PN g
m
cotton
£
E
\ o
L 1 .
50 mm

Fig. 6. Vertical burning test at KS M ISO 9773.

AFA-L (200£5) mm x (50+2) mmE AZS 543
on = 100 mE B 98, 247 A8 9 570

FHlste] Algstglon, AlEHES AL (23 +2) T,
0 FIE (50 + 5) %O 48A17F o) el dF Al
S AYspeh
v Alg Axb= KS M IS0 9773 74 3454 A
& 57 A4 AAN Folo] THE-IE sglen,
=

| EE Table 40 YeRATE t1& 124 34 <

7]

% o2
2 El>

ot 2
Noooh (R
1
[1

6660

& AT, 235 23 JF A2 ARE st 2 AT
3t F Fd ALAZHE+H2), 3 23 H3} Fo] 7
Az AZHe YERiE, VIM 55919 A8 23 etc™)
+ KS M IEC 60695-11-109] W' AS A3t 55
& Fajstelof gl

KS M ISO 9773 TrAdlA x@ste 1Hd e A
HH o2 RE HeldS AA F A FHAA S LAY
st A4S T, I dave Aoz RE A3l
AL AA F e 3G Aa7) WE FHolx AlFHA
sto] We v A3 Bl dAS Hehl

Table 4. Vertical burning testing of various specimen.

VIM

Demand

0 1 2 ete.”

tl, 12 (s) < 10 < 30 < 30 > 30

trs (S) = 50 = 250 = 250 > 250

t3 (s) <30 < 60 < 60 > 60

Reach of '125mm N N N v

marking

Ignition of the cotton N N Y Y or N

Fig.73} 2ol
JEOTECH®] TH-6 Z99] Fu| S A}45
5 F7he = A#4 71491 RS-KRICT-006 7]5}“

JHE119] o wheh FasEa, AlY 2712 Fig. 8%
=8

. 05 Ol

Fig. 7. Anti corrosion test specimen
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8
;
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T T T T T
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Fig. 8. Test conditions of anti corrosive test.
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4.1 FT-IR

Fig. 9% FT-IR #4& T3 Z<lo] g-#% LDPE
filme] Z¥o|t}. (a)= #<9-LDPE?Q] F3-&S& YERd
7o, (b)E FT-IR indexo] #j¥¥ FdE5 ekl

Aot

(byoll A2} 2] polyethylene?} LDPE-wax %714 <]
F3H8-0] A Ql-LDPES] UERsEo ™, 1700 ~ 1800 (cm™)
peak 8} 3200 ~ 3400(cm™) peakol A 291 el 4=
)\1\9\11:]'.

804

Transmittance (%)
N Y
& 3
: :

N
S
N

T v T T v T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

(@

6661

AHA] MD (71413, 2434 blow up 7% Al 213k
o] #580| TDUIA 2, 7FEwdhEt =4 &
AE ATk

.
,
W )]
y .

'V

{ Plastic bag
i Match: 78.57

{ N
{ LOW DENSITY POLYETHYLENE EM v I
i Match: 7840 ¥ ‘

| POLYETHYLENE, LOW-DENSITY WAX

Transmittance (%)

| Match: 75.77

L e e
3000 2000 1000

Wavenumbers (cm™)
(b)
Fig. 9. Result of FT-IR (a) Red-phosphorus and (b)
compare with component.
4,2 SEM-EDS

A ¢IMB2] SEM ©]u] A= Fig. 100] LFERAITE 2l
o] A4 2.5 wit%Z HIoH, o= 5 k& 7l¢°i
LDPE Aol 7.5 wt% MBS 33l A2z #ele]
wi% S 98 4= Atk €9 09 T 92.883)
428 wt%® @7k FAY FAER] v@aA o7 7P
Zo| SFEATE Cal B MBAZA] tmiat 2 <k

p

=N

A A 98] H7bE CastE fdEo] Ak Ee
i=]
o

327} uniform¥ 2& & 4 STk

gle]

Fig. 10. Analysis of SEM.

Table 5. Analysis of surface elements.

Element C 0 Ca P

Weight % 92.88 4.28 0.34 2.50

4.3 ==& (MD, TD)
Fig. 113 Table 6> F5-&0l tjgh Azolr), 2 Qlst
Skl wal 242 10819 testS Hit e gholth film A
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114
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S2 4

Fig. 11. Results of shrinkage percentage (MD / TD)

Table 6. Results of shrinkage percentage (MD/TD).

Specimen
S1
78.8
12.8

Direction
S2

78.6
10.9

S3
79.6
12

S4
80.2
10.4

MD (%)
TD (%)

2 30004 80 %S ztom,
Ho|x] gkoro) wdA|=
A

= gl .

]2 A]

k=R

™ —B—MD
_—

7000 -
6000 -

5000

Tear resistance (mN)
w
8
3
!

3300

L)
3200 /

31004 ™

/.

T
S$1

T
82

Fig. 12. Results of tear strength (MD / TD)

6662

Table 7. Results of tear strength (MD / TD) (mN)

#1 #2 #3 #4 #5
Specimen
#6 #1 #8 #9 #10
TD 3608 2714 3165 2871 3632
MD 7225 7365 6958 6701 7499
St TD 2750 2826 2762 3651 3251
MD 8149 7160 6698 7824 7698
TD 2909 3851 2834 3138 3674
MD 8315 5346 8328 5636 8712
s TD 2664 3510 2990 3614 3270
MD 6168 7148 5926 8526 6615
D 3632 2981 3507 2732 3901
MD 7452 8201 6461 8031 5656
5 TD 2918 4044 3077 3783 2853
MD 6240 5943 7599 5921 7946
TD 3575 3970 3061 3335 3570
MD 4806 4275 4699 4908 5104
s TD 3178 3292 3214 3837 3460
MD 5403 4727 4839 5216 4218
S1 S2 S3 S4
TD 3123 3245 3343 3449
Averge MD 7328 7072 6945 4820
MD kel 74-9- TD Banth 52 19 AdS B
Ao, S4 A5 Aldata of 2u§¢ zpol7} e AL
& &= JSIth TD Wake| data A A5l
2} °F 100 mN®| 7S wolon, ol 7h i 4
Tk ] °F 3 % 7S WStk MD Wake] 44 A
Aol wheh A4S Bth S1o14 $39] HAag
2 9k 2~ 3% (2 130 ~ 250 mN)S H AR 3004
S49] Z28-E oF 30 %(2,125 mN)E §A3] FAsch
LDPE MD / TDol| th3t 91 7%=% ¢ 6000 mN /
4000 mNoJt}l. Al =k 9le] TD9] %% 3100 ~
3400 mN UJ2 =5 LDPE ¥ AERT} 7HaF= 3
= & 7 AL MDO] A5 ARl 20 wi%?l -5l
1000 mN Hx 7HAES ®Ach
Aol whet o2l FES Hole JoR B
of Fhrako] =obxlel wet MD/TD WaFAdel gk 1
Aol dgE vAE Ao HAdEoAy, dA
ZRJFH-F (9F 10 % ol’d)o] =¥ film HaFAdol 24
o] Aol U3t Idd AFAHE B FoF Friro]
2
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Table 9. Results of VTM.

el filme WAL AlEs7] Y8 KS M ISO Demand Test items
eman
977309l =38le] =2 A3 (vertical test)S =33 A= Sl 52 53 4
Table 8 ~ Table 901] Zﬂ/\]ﬁ]-%‘\r/}-, tl /12 (s) 0/1 0/2 0/0 0/4
trs (5) 1 2 0 4
3 (s) 0 0 0 0
Table 8. Results of vertical burning test. Reach of 125mm marking N N N N
b d Units Results —
eman ni T 2131 4] 5 Ignition of the cotton N N N N
tl s JoJoJolofo VIM 0 0 0 0
2 s 0 0] 0 0 1
§1 3 s 0 0] 0 0 0
o+ s 1 4.6 HHHM AIE
Reach of 125mm marking - N|N|N|N|N -
L. n = =1 o] uFxA]
Ignition of the cotton - N|N|[N|N|N &+ A2l uhE #Q1-LDPE filme] 4%
tl s |o]o]ofofo ZA3}= Table 10 ~ 129} 2t}
f s g Z g g g = LDPE filmel o W3 45 B7h= 0237 %=
t. S
82 1o s ) 102l WHA, #QIMD 15 wt% - LDPE Al djgh %3
Reach of 125mm marking - | NI N[ N[N N Ade] AL w0 tlsle] 0.02 % $XE Byt el
Igniti f the tt - N| N| N[ N|N —
£ °t] s — T oo o1 MD 20 wt% - LDPE $7]¢] 4% 0 %= ®ged), 9
2 s ool o] o] o o] AbAe}e] Hkgal= 54 wiiol WAl A AL
83 tl tjtz : e (;) e = BesoR
N
5 g upx W= 3
Reach of 125mm marking - N|N|[N|N|N bl 718k A AEe] A 7t A
Ignition of the cotton - N|N|[N|N|N RS-KRICT-OO6[19]9] AT 71521 0.05 %<}t 8| wEk
) PO OO0 o] g e Y A BolE Ao FHith
2 s 1 1 1 1 0
4 3 s 0 0] 0 0 0
th+ 2 s 4 Table 10. Results of anti corrosive test (LDPE).
Reach of 125mm marking - N|N|N|N|N Anti Corrosive Test (%)
Ignition of the cotton - N|N|[N|N|N Sample % LDPE
= =
12F B2 A § AAA2 10, 24 B2 HE & % 4
HAIZRE 2, 22 BE HE & AR 322 YE # 0.197
Wor, 125 mm nkaA7bA] o] 14 B 1, A A
atol] o3t o] 37} glojorsith
el me A2l film BT 13 8% 19 F 3y »
AR () 23 B2 1D F A3 A7 3)S §lE A 4
o2 Bt} S19] A9 23 £ JE $ F9AT (12) 0 0342
oA #5H AlF A 1 27} UElton, S23 #2H Al
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Table 11, Results of anti corrosive test (S3).

Anti Corrosive Test (%)
Sample
% S3
aQ
#1 0.000
-
#2 0.020
R
#3 0.000
Ave 0.006 -
Table 12, Results of anti corrosive test (S4).
Anti Corrosive Test (%)
Sample
% S4
(3
#1 0.000
»
#2 0.000
»
#3 0.000
Ave. 0.000 -
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