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Abstract >> In this study, Aimed to develop technology to ensure the safety of fire-

fighters responding to hydrogen incidents and to review the performance of pro-
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tective super absorbent polymer (SAP) that could help maintain the thermal pro-
tection performance of equipment with protective properties. Tests were con-

ducted, including bench-scale and full-scale thermal exposure tests, to review
the protective performance of SAP using firefighting garments commonly used
by firefighters. The results showed that without SAP application, 2nd degree
burn areas were measured at 9.4%, and 3rd degree burn areas at 7.7%. In con-
trast, when SAP was applied, the percentage of 2nd degree burn areas de-
creased to 7% on the lower body, and there was no temperature rise causing 3rd
degree burns. Therefore, it is expected that by applying SAP to the outer surface
of firefighter garments, even under temporarily high temperature conditions
such as hydrogen jet flames, thermal damage to firefighters could be protected

for a certain period.
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8 3184 4=A|(super absorbent poly-

mer, SAP) 232#[o] 7|50 /N 7k e HESKL
o}

2. SAP 7|&9| 4

SAP= A=F thn] oF 2008) o]4}o] s F
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1) Reversible changes of crystal structure (e.g., sili-

=

ca gel and anhydrous inorganic salts).
2) Physical entrapment of water via capillary forces

in the macro-porous structures (e.g., soft polyurethane
sponge).
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3) Combination of mechanisms 1 and 2 (e.g., tis-
sue paper).

4) Combination of mechanisms one and two cou-
pled with dissolution and expansion of chains limited

by cross-linkages.

SAP| &2} A}l YIESZ= COO % NA'

oF g2 ol250] EEo] oy oF olXad

Dry SAP Particle

Aqueous
medium

Chains collapsed
in particle

osmotic gradientE G5} osmosis I}%
B2 Yol & EAE ARAIZIC

oL
o
oft
%I'
R

ole} o] SAPE W2 ¥ sEe Sl A
A B o Qo] Aol 12 dof kEFHE
AAT Aol V= ATl o 817 =
2288 5 S Aor wotEh web & A
oM i A AE YA AR Aol
AT o = AEStd ez RE vt obdE o

Chains collapsed
in particle

(i)

(a) lllustration of absorbing mechanism

HO M*O- H,N

Hydrophilic monomers

N

_—

HN

Chains expanded
in water
14,20,21)

.. HN MO
Initiator

Water- s’(;lub le
prepolymer chain

X H,N

Water-swellable pollymer network

(b) Chemical structures and general pathways to prepare an acrylic SAP network'®

Fig. 1. Structure of super absorbent polymer (SAP)
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Fig. 2. Structure of firefighting garments’
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Table 1. Overview of specimen
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3.1 Bench—scale thermal exposure test

lutz|o] HighE uto] & Wk AJL-A|3(thermal
protection performance, "IPP)—,; 3 559 A4S oF
84 kW/m’Z A3 3 SHIQE) WA o o] ot
A AL ok ESF KFI 914 7]&o+= 100x100
mm 2718 A|HEEE)S o] 8st =HoR &
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. . Thickness of air gap (mm)
Irradiance | Exposure time -
Type no. (W/m?) (sec) SAP | between outer layer and | between moisture layer | between thermal layer
moisture layer and thermal layer and sensor
1 X 2
126 12 6.5
2 o 2
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3.2 Full-scale thermal exposure test
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4.1 Results of bench—scale thermal exposure
test
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Table 2. Overview of specimen

Fig. 3. Mannequin flame test (calibration test)
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Fig. 4. Measurement results of heat flux (calibration test)

—— Specimen using SAP
Specimen unusing SAP
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Fig. 5. Measurement results of heat flux (calibration test)
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4.2 Results of full-scale thermal exposure
test
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Fig. 6. Mannequins in the full-scale thermal exposure tests
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Friday, November 10, 2023

Test type: flash fire simulation

Series: PBI firefighter turnout un-
treated

Exposure time: 8.08 sec

Measurement time: 120.00 sec

Second degree burn: 9.40%

Third degree burn: 7.70%

Total 2nd and 3rd degree burn:
17.10%

Rear Burn number: 00080

(b) Analysis of skin burns on mannequins

Fig. 7. Results of mannequins in the full-scale thermal exposure tests (mannequin unusing SAP)
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(a) Mannequin using SAP

Friday, November 10, 2023
Test type: Flash fire simulation
Series: PBI firefighter turnout un-
treated
Exposure time: 8.08 sec
Measurement time: 120.00 sec
Second degree burn: 7.00%
Third degree burn: 8.15%
Total 2nd and 3rd degree bum:
15.15%
Rear Burn number: 00081

(b) Analysis of skin burns on mannequins

Fig. 8. Results of mannequins in the full-scale thermal exposure tests (Mannequin using SAP)
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