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Photo 1. Sodium polyacrylate powder(above), Potassium polyacrylate

powder(below)

_44_



Nd

o7
Ul
oy
o
Nfo
.umo
-
__o_.h

2. 3. 2.

19743 o))

T
T

I7ke] FHE £ A7)

o - E 9 T35

AL 1950 Zol] Ky

&l ==

= A&

H

A}

s = X3 A= 20 o

N

W e o 40/Ake] Zlglel] 3

i

Fel 1970 o

A5

=
T

ulo
= =2

7N

_TL

19780l ar, w3} AR fjAHo] AT A

S
T

&3td A

<

N
ﬂ,ﬂ

AZIZ Do) 3AL7E 71 3l

ol &

N

- 45 -



b )30

A5

1] A

s

EFx

ARZA ALY

T
T

3

i+

i)
A

=
o)

-
R

AbEE o gk

_EH

—_
fiie)

A
_EH

oj

o

o
IH

1o

o
W

ol

o
M

O

o] 7] WEol o=

=
=

LIS o].

[e)

=t
==

2227}

&

o] o}

=

fiTe)

7] gFolo}

_EH
o

_EH
™

E

SRENER

bol @attl  mwelvh} &

S

= 7 A HEA, o] A=

Al = A

alal

To-

o

)]
=

1R, g4 7Nk @

e

]

5]

W

L -
15

#5 R W, 35~220 T2

o

ol

alal

ol

Nfo

"0

_E,b
™

—_—

0
U

bol 4153}l ofe]

S

H|

B

3L

CE RS

_46_



_EH

t}.37)

K

ol

X

i

—

al]
0

oF

e

i

A=A =

)

8o}

5

CED

Eis

wol g, a9

N
T

B
H

o)

Gl

sl

il
H

e

No

d el

THA R AL

=]
=

KeN
=

(Super Absorbent Polymer)

Az ool IEA T4 (Main

2]

Y=

oba}

S =
= o

o

Chain)®l

X
il

ol

T

e

)
)

i
A

o]
"

al)

_47_



gl ARE-5 o

— -
—

Ey_]_.

FF2 5 A1 71 (-COOH) ¢} 72 o]23}7t 4

T
o=

A 71(-OH)

=
=

b}

55 2]

ol 7t

)

o

0

-
Ll

1]

S A ol

& 3ko]

o}

)
alol

ToR

Nfo

jpuze)

_EH

2471 FA1L] 1,0008) o]

KN
T

SRS

_48_



70
i
K
Nz
Mo

o)
ol
oy
o
Nfo
0
-
__o_.h

2. 3. 3.

e

)

il
—

TH
g

8-
—~

:AL

T
To-

m
o

i
N,

X
il

TR

$7F A oy

%l—

=1
=

A AEA, A== 2A

==

==
[}

w2

|

of

ap

"0

B
)

2ol g ofwtol

3
=

_49_

o2 5 F7F Uk



Aol 9

b grob wegat

A

"

il

_?_H

7} ul

cls

s

S|
Al

A7k A4, ol

al

3

)

N

N

o]
<
ofy

TR

Nfo

0

_K_H

al

2o

o1 %7)

AEA7E EHH

1024, 77

il

A7}l

Al A, 7haLA] 9]

Lheb et

_50_



Ho

A%

=g

=

a717b 47 Aok mEA &=

H

SAER THF

X
=

3ol

7} ol

Sl Eofel A

L

._oﬁ.h

57 2

go meAHR gk ‘ob7] AAVZRY Apupel

©
o

g

ARA =, o =714,

A=,

[s13
of

otel, 717, 3t

T3

i

_EH
T

_51_



"'2F ZYolaE g o]E, (Sodium Polyacrylate)40)

2. 3. 3. 1.

[—CH,

Bl «
—

SRECE R

¢ ¥] 2 (Waterlock)

2 9)

ol

Hin

< 7M™, 2R A

<

~CH(CO, Na)—IN"o]g}= )8

o
-

& A (Super Absorbent Polymer)

A A wFe] 100~ 10004 ]

F2 9

(Sodium Polyacrylate)+=

E

SREEET

— 3L
v =

of A&t

Plo

&+

2 914

7, et

]

gl

Es Wi 54

2w EYotadd ol

ojm

171 wiEel 2 ®ol

Tor

o]
L

C

R

+

~

;oE

_EH

¢

To-

Ho

)

wA o R ALgHAT 2

B

_52_



dl, o] 4

sz

o

2

Fre g

51 0
e

==
&

i

o))

_6H

Nfo

]
S

N
)

0

¢

)

.

=

a7 "

&

o A}

7=

il

A}, o

d

A

stol 4

% 9

e A

4 olyAldlelH =

+

o

oJ YAl o]

ol
=

AR

)
- &

&

==
K3

A

&l

|

23

1

A

= A

3

4=, o

PN
T

3

A

7vetA A

=
=

Al el

K

jjf

_53_



ol A Al 2}

2l

o, &

o] =
AN -

A =]

ol

=
"o

7 $skel

—_
o

o

ojo

o
on

o/

e

)
oY

—~
fie}

—_
file}

==
o)

i

FAH Oz A

=
EE&

of =& 7 o]

AT MAR021. 12, 17)8 ol o33,

e gl

;‘(__l_

g4

1 9003-04-7) 2. =

A, HEF ¢, (CAS No

l
N

e

288 C, v+ 1.1, F3jof

Z] O,
=

3}

2

B
~d
i)

!

_54_



'

=
3

oF

ol
0
_E‘b

"W

-

kAl &717F

T
T

o

0

A

)

b o, st Al A5 olut

°©

3}

]
=

A A

_EH

brba 73

= O

s
ZS|

T} 42)
- 55 -

(a3phAh o= g skA Aol



el

Q

[e)
of &=

o

ol A

lox]
=2

R B R

°©

=]

&
, W2 g Al 23 | oo

tH,

©

fl oF

9|

& A

o)

2 1o

=
=

A 24

0
=

G

R

FH, &3 gk Al kel |

S

sha gk,

5

I oA Eejyetal 4

[}
v

fl oF

K]

wK

_ﬂo

B A7HA] &7

sk

=

5710, ¢ % 18~235 %)9

T

0
yal

ox

ﬂ
o
st
ol

|

—~
ile}

o

_56_



'Yelg Z@oladg o]E, (Potassium Polyacrylate)43)

2. 3. 3. 2.

¢+

A 52

g A 5ol M

globzel e o E o],

3z
=

o

23!
)

£}

el

i

e

_EH
=
|

LOLN

A

ol

5 >~
o E S5

o))

dojes] =

2]
=

ZJo}a

3E
=

=34, ALElE

1:]0]—

wE =z HA

=

=

o

= T4 dd

=

2 A

3
=

_57_



e

] A

Gl

Aoigstel o we

@)
o} =

W
<

|
<]
sl

—

<
B!
i
=1

_Z.rl

—_
fite)

_EH

b HH, °ls =

-

1A =

°©

s 7F Ay

Axke] )

ol
=

0
yal

S,

3 17

A

=

=
=

8w o of

g o] %

atH, o

a4t AbEshE ofof

Al

=
=

?;jl—

=
K3

S

3

PN
T

_EH
1

_58_



T oolfE M AFRGERO] FHIEAN AF Eelotadd)

_59_



g ZA

3.1 AdLs 4

3

=
=

243t oA

al
=

3=

=13
=

A

0

_EH

,_.,mo

)

—_—

X

Gl Mg EE Fig. 58 2o

~
110

Ao 712 A H o

o}

oy

0%

A2 27 203 m x 0.3 m x 0.3 m) ¥

ojo

<

4

l

A

J

701—

TIE

s el

2}

H
-

S
=

3] Sirocco Fan (w10 cm)

71 $

18+ 1,200 T7HAl 255 &

S

!

&5 A sk

=

—
Ile}

g

N
i

—_—

0

ojo

O

N

ol

o)
op

—_
o

=%
=

ol
=

o] Ao]

A

Chromel-Alumel €&t 271 &

L j
T o

5

_60_



4§ AR

=

==

=i
=

| o]
Konics, EC - 5600)= 0] ® Z 2139

0.35 mmo]H,

1 (Al =4 A

e}

|

%7
O]—j

Ao} %

bt oo,
bl ot
=5

©

[}

™ % W woowr X
~ El = 1 = N X0
~ T oz =% L B
gw & ® AR oT mw <V
oo m.,__ L w mﬁ =
N N s Qi N
T W 7 )
-~ — J
E AN ﬁ g xE g
T By A9 g e I
~ B — = a9
o oA o S < o
Lo S ; % %
) O )
5 oM e 2 g . %
x|SR ) s = .
= y P o
g AR X F 4 ocm do
R R B Y Gl <
oA - o =
o = M <0 zh P .
A - E = 5 5
1 RS W= = S
g3 C._ _— :i ‘_.ro JAI o T
‘HOI o._ J w ﬂ ﬂmﬂ E 5 ﬂﬂ
& 5 K mm SN o P
3 ~ w o H = W 3
w5 o B o W ox
T T H T 0 (EEE

7}

%
14 cm9 =

_61_

7 cm 183l 7}

=

ol

Fig. 63 zZt}44)
7F22 20 cmolal, ME% 20 cmolH, *

T

-

T

o=t
el 3 cm, 5 cm

7o) T
Foiot.

°©

S

7t g
7| &2



%

—_—

300 mesh®] 2~H|¢

7=

ol

=

AT A5

)
Gy

o]
H

wt% ©]/Fe] 150 WA 850 e

g

gok T

glotad ol &

3z
=

A TaHE

CEEEY

%1—

[«= NV N
=, &

288 °C=

Z] o
™

&}

glofade o] &, ofth v 2 111041, <

3Z
=

= E= el o8 st

12 oA ek

_62_



Ml hhh  h s

A Y

]

@ electric furnace

@ powder sample

@ cold junction

@ program controller

® recorder of temperature

® relay switch
@ sirocco fan
heating devices
© fan
chromel-alumel

thermocouple

Fig. 5. Schematic diagram of experimental apparatus for spontaneous

1gnition.

_63_



o
<
@
=
S
=3

T8
@

=.

b
=
=

Photo 2. Experimental apparatus for spontaneous ignition

temperature measurement.

_64_



Gypsum board

300 mesh
stainless steel

S’
ET

Fig. 6. Appearance of sample vessel.

_65_



)

Ho

oo
<

ol

o

o

0
o

et
o

0

X
ﬂnﬂ

™

~
file)

i

a
e

e
Nd
o))
W

—~
o

ANge Harmete] A

T

ANge
=)

3}

b | A= HAo exol urs)

bt

S

AL ER

3}

_66_



Az 24

"2F EFoladd o E,

. L

Tor

~
110

F AT

S

7te g M Ee] 4ol

T
T

Age] &7=27]

ol

7

ol
=

3t 3 cm, 5 cm

S

7} g

, A= 4

al

25

°©

cm x 20 cmE

=
il

)

_67_

Lol el AT



Table 1. Comparison for AIT of sodium polyacrylate for each

sample vessel

Vessel Size [cm] AIT [TC]
Smallest 20 x 20 x 3 2175
Intermediate L0 320565 2125
Large 20 x 20 x 7 202.5
Extra large 20 x 20 x 14 187.5
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Fig. 7. Variation of temperature with time for powder sample

thickness 3 cm, ambient temperature 215 C.
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Fig. 13. Variation of temperature with time for powder sample

thickness 14 cm, ambient temperature 185 TC.
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Fig. 14. Variation of temperature with time for powder sample

thickness 14 cm, ambient temperature 190 TC.
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Fig. 15. Relation between thickness and maximum temperature.
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Table 2. Relation between critical spontaneous ignition temperature

and thickness in each sample vessel for sodium polyacrylate

6T 1
a [ml] 1. |K] 5, In—— - X 10° &Y

a c

15 x 102 490.66 20.6608 2.0381

25 x 10?2 485.66 19.6187 2.0591

0.878
35 x 107 475.66 18.9041 2.1023
70 x 1072 460.66 17.4537 2.1708
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Fig. 17. Ditermination of activation energy for sodium polyacrylate.
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Table 3. Comparison for AIT of potassium polyacrylate for each

powder sample vessel

Vessel Size [em] AIT [TC]
Smallest 20 x 20 x 3 2125
Intermediate 20 x 20 x 5 202.5
Large 20 x 20 x 7 192.5
Extra large 20 x 20 x 14 1775
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Fig. 18. Variation of temperature with time for powder sample

thickness 3 cm, ambient temperature 210 C.
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Fig. 19. Variation of temperature with time for powder sample

thickness 3 cm, ambient temperature 215 C.
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Fig. 20. Variation of temperature with time for powder sample

thickness 5 cm, ambient temperature 200 C.
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Fig. 22. Variation of temperature with time for powder sample

thickness 7 cm, ambient temperature 190 C.
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Fig. 24. Variation of temperature with time for powder sample

thickness 14 cm, ambient temperature 175 TC.
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Table 4. Relation between critical spontaneous ignition temperature

and thickness in each sample vessel for potassium polyacrylate

6 T* 1
a [m] T.|K] 3. In—— — % 10° (K1)
a C
150 x 102 485.66 20.6403 2.0591
250 x 107 475.66 195771 2.1023
0.878
350 x 1072 465.66 18.8612 2.1475
7.00 x 1072 450.66 17.4098 2.2190

- 110 -



22

B * Non-ignition
s O CSIT
g & Ignition
19 £
R y=-19.79x+61.32
~ s R?=0.995
Sk
B
13 f SR EEs e
2 2.1 2.2 2.3 2.4 2.5

1/T, X 10° [K1]

Fig. 28. Ditermination of activation energy for potassium
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A Study on the Measurement of Autoignition and

Activation Energy of Super Absorbent Polymer
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Dept. of Fire Protection Engineering Graduate School,

Pukyong National University

Abstract

This study was conducted to obtain experimental data for the
establishment of preventive measures against fire accidents in the
production and storage facilities of super absorbent polymers
(sodium polyacrylate and potassium polyacrylate) developed for
the convenience of daily life.

Experiments were conducted on sodium polyacrylate and
potassium polyacrylate, which are the main products of demand
and production due to their excellent absorption capacity among

various types of superabsorbent polymers. In order to investigate
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the spontaneous ignition temperature, apparent activation energy
and correlation of these materials, experiments were carried out
on each powdered material with different layer thickness. As a

result, the following conclusions were obtained.

1)  For sodium polyacrylate, the spontaneous ignition
temperature varied depending on the thickness of the sample,
2175 C at a 3 cm thickness, 2125 T at a 5 c¢m thickness, 202.5

T at a 7 cm thickness, and 1875 T at a 14 cm thickness.

2) For potassium polyacrylate, the spontaneous ignition
temperature were 2125 C at a 3 cm thickness of the sample,
2025 C at a 5 cm thickness, 1925 C at a 7 cm thickness, and

1775 T at a 14 e¢m thickness.

3) For sodium polyacrylate, as the sample thickness increased, the
spontaneous ignition temperature decreased. Similarly, for potassium
polyacrylate, the spontaneous ignition temperature decreased with an
increase in sample thickness. This i1s likely attributed to the

thicker sample layers promoting the accumulation of heat inside.
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4) The spontaneous ignition temperature of potassium
polyacrylate is approximately 10 °C lower than that of sodium
polyacrylate. Since a lower spontaneous ignition temperature
indicates a higher hazard level, potassium polyacrylate is regarded

as slightly more hazardous than sodium polyacrylate.

5) In case of sodium polyacrylate, the ignition induction time to
reach the peak temperature was approximately 34 hours at a
thickness of 3 c¢m, 76 hours at 5 cm, 143 hours at 7 cm, and 318

hours at 14 cm.

6) In the case of potassium polyacrylate, the ignition induction
time to reach the peak temperature was approximately 42 hours
at a thickness of 3 em, 91 hours at 5 cm, 151 hours at 7 cm, and

300 hours at 14 cm.

7) The ignition induction time for both materials was observed

to rise as the sample thickness increased. This is attributed to

the slower transfer of heat to the interior of a thicker sample.

8) The calculated apparent activation energy for sodium
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polyacrylate was 44.92 kcal/mol with a correlation of 96.93 %
while the apparent activation energy for potassium polyacrylate
was 39.30 kcal/mol with a correlation of 99.5%. From comparison
between the two samples, it is evident that potassium polyacrylate
poses a higher risk of spontaneous ignition than sodium

polyacrylate.

Experiments have shown that super absorbent polymers can
start spontaneous ignition above a certain temperature. Therefore,
it 1S necessary to install storage facilities that consider heat
dissipation and prevention of heat accumulation. In addition, due
to the nature of the product, which must be handled in a dry
state, safety measures are required to prevent ignition or dust

explosion caused by an ignition source.
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