
DOI: 10.4236/ojsst.2019.94011  Dec. 13, 2019 157 Open Journal of Safety Science and Technology 

Evaluation of Flame Retardancy of Cardboards 
Products—Aiming for Application to  
Cardboard Beds in Shelters 

Y. Mizutani1, Y. Mochizuki1, K. Nishitani1, M. Okoshi2 

1Department of Advanced Fibro-Science, Kyoto Institute of Technology, Kyoto, Japan 
2Organization for Research Initiatives, Yamaguchi University, Yamaguchi, Japan 

Abstract 
Japan is a country with many disasters such as earthquakes and heavy rains. 
Disasters cannot be prevented, however, efforts to reduce secondary damage 
was performed by the nation. Sleeping without beds in a shelter has a high 
prevalence of economy class syndrome. Due to the living environment of 
shelter, cots were introduced to each local government. As a result, cots were 
able to prevent hypothermia and freezing death. Shelters in cold regions use 
powerful heating devices, which lowers humidity and increases the risk of 
fire. Cardboard beds were made from paper so that, the user was not com-
pletely convinced of the fire risk. In this study, we investigated the combus-
tion behavior and effects of flame-retardants on cardboard by combustion 
test and thermal analysis. Phosphorus-Nitrogen flame-retardant was possible 
to suppress the combustion which emitted a large amount of carbon mo-
noxide. 
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1. Introduction

Japan is a country with a narrow land area with forests covering about 67%. 
Land area is narrow and long with north and south and blessed with rich nature. 
However, nature rages and various “disasters” have attack people and torments. 
Disaster refers to people being affected by eruptions, earthquakes, tsunamis, 
floods, sediments, sometimes large-scale accidents, conflicts and wars in urban 
areas. In recent years, a large number of people disappeared in the Great Han-
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shin-Awaji Earthquake and the Great East Japan Earthquake. Comprehensive 
disaster prevention that predicts major disaster and copes with them to prevent 
or reduce damage has high-difficulties [1]. 

Concepts of reduction have been established than disaster prevention in re-
cent years. Although the damage to the disaster occurrence is unavoidable, ef-
forts have been made to reduce secondary damage [2]. Among them, secondary 
health hazards have been reported at shelters. Especially, the economy class syn-
drome which caused by victims sleeping in a shelter is often covered by the me-
dia since the Mid Niigata Prefecture Earthquake in 2004. Sakuma et al. investi-
gated high morbidity of the serious economy class syndrome caused by blood 
clots are formed on the feet by long-term miscellaneous life in the shelter as 
shown in Figure 1 [3].  

In April 2016, the recommending statement of a cardboard bed was included 
in the shelter operation guidelines established by the Cabinet Office disaster 
prevention department [4]. Immediately after that, on April 14 and 16, two large 
earthquakes occurred on Kumamoto prefecture as the epicenter and 5,300 card-
board beds were introduced on shelter as shown in Figure 2. Local governments  
 

 
Figure 1. Conventional shelter in Japan. 

 

 
Figure 2. Cardboard bed installed shelter in Japan. 
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who introduced the cardboard bed had fewer deaths related to disasters and 
nursing care applications than non-introduced local governments. The signifi-
cant difference has been confirmed depending on the introduction of cardboard 
bed to shelter [5] [6].  

Disaster cots such as cardboard bed and pipe bed were an overwhelming 
shortage of places for storing in Japan which is the small country. Cardboard 
beds have advantages such as capable of mass production with low-costs and 
produce in 72 hours. Japan has more than 2500 establishments that can be pro-
duced nationwide. Therefore, basically no need for stockpiling as an exception 
for some users requiring special consideration. Moreover, a cardboard bed can 
deliver reliably to the shelter by making the disaster prevention agreement with 
the government in advance [7].  

Cardboard beds were made by the paper that has a high danger with the fire 
owing to a large number of beds are placed in a shelter. Especially, cold region 
shelter uses the strong heating equipment that makes low-humidity and the risk 
of fire becomes even higher. Cardboard beds were not having full confidence by 
users cause of the risk of fire.  

Incombustibility of the cardboard is one of the methods to minimize the sec-
ondary damage from the fire. Incombustible is to make difficult to burn so as to 
reduce valuable life and property loss as much as possible and to minimize the 
social impact. History of incombustibility is old; the beginning is said to be B.C. 
and vinegar was painted on wood to prevent fire on Roman times [8]. In 1786, 
Geyrussac works on the incombustibility for French theater records and discov-
ered ammonium sulfate treatment [9]. The United States military worked to 
make incombustibility the airplane to protect the crew and developed the halo-
genated paraffin and antimony oxides during World War II. These are ground- 
breaking flame-retardant and these were improved and are still considered as 
highly influential flame-retardant systems [10]. Fire is the burning that has passed 
the human control range and has become a massive spill condition. Combustion 
is a chemical reaction that involves the generation of light and heat and occurs 
under low pressure or similar conditions. This is basically a chemical reaction 
consisting of combustibles and oxygen and the highest temperature range is 
called the flame [11]. When the combustible substance is ignited for some rea-
son, the temperature of gas-phase rises and the material surface heats by the ra-
diant heat. The heat transferred into the inside of material and decomposition 
products were generated by reaching the decomposition temperature. The de-
composition products are ejected from the material surface into the gas phase 
and mixed with oxygen in the gas phase so that combustible gas is generated and 
combustion continues. The idea that combustion can be stopped by breaking 
this chain process is the basic idea of incombustibility and incombustibility of 
combustible substances. The idea of incombustibility applies in this study and 
work on the incombustibility of cardboard [12].  

In this study, we investigated the combustion behavior and influence of flame- 
retardant on the cardboard to identify the problems of the cardboards. Combus-
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tion tests were performed by Multi Calorimeter and Corn Calorimeter. Five 
types of reagent flame-retardants and three types of commercial flame-retardants; 
a total of eight types of flame-retardants were selected and treated to cardboards. 
Optimization of the selection of flame-retardants to prevent secondary damage 
in shelters.  

2. Materials and Flame-Retardants 

The cardboard used W flute type (thickness 8 mm, JPACKS Co. Ltd.) which shape 
is 3 sheets composition in the 3-layer structure shown in Figure 3. W flute type 
has the advantages of strong to heavyweights within the commercial product. 
Only the W flute type is used for the production of cardboard bed. 

Five types of reagent flame-retardants and three types of commercial flame- 
retardants were selected for the treatment of cardboard. Table 1 shows the con-
tents of flame-retardants. P1 and P2 are organophosphorus compounds and NS 
is a powder compound mainly composed of nitrogen and sulfur. PNH is a com-
pound which is liquid at normal temperature and pressure and which contains a 
halogen-based element in addition to phosphorus and nitrogen. PN is a com-
pound of phosphorus and nitrogen with a colorless and transparent liquid. C, B, 
and PNS are used for general households to incombustibility a curtain, Japanese 
traditional shoji and tatami mat [13].  

These flame-retardants have impregnated the cardboards to investigate the 
effects on incombustibility. Cardboards were dipped in the flame-retardants so-
lutions for 10 minutes for impregnation. Cardboards were dried in an oven at 80 
degrees after impregnation. In the case of NS, this was dissolved in water to  
 

 
Figure 3. Structure of W-flute cardboard. 
 
Table 1. Contains of flame-retardant.  

  
Phosphrus Nitrogen Sulfur Halogenic Boron Ceremics 

Reagent 
Flame- 

retardant 

P1 ● 
     

P2 ● 
     

NS 
 

● ● 
   

PNH ● ● 
 

● 
  

PN ● ● 
    

Commercial 
Flame- 

retardant 

C 
     

● 

GB 
    

● 
 

PNS ● ● ● 
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make a 50 percent aqueous solution. Table 2 shows the flame-retardants im-
pregnation rate which calculated from the mass of the flame-retardant before 
and after impregnation.  

3. Test Methods 
3.1. UL Combustion Test 

Multi Calorimeter (Toyo Seiki Seisaku-sho, Ltd.) was used for the combustion 
test. Multi Calorimeter has the 0.75 m3 volume draft chamber which is able to 
measure the heat generation rate and mass loss.  

UL combustion test was performed both of vertical and horizontal direction 
according to ASTM D3801 and ASTM D635. This test measure and evaluate the 
temporal changes of heat quantity with combustion which specimen placed ver-
tically and horizontally ignited and burned with a burner. The cardboard was cut 
out the size with 150 mm length and 15 mm width for vertical direction com-
bustion test as shown in Figure 4. On the other hands, horizontal direction spe-
cimens were cut out 200 mm length and 50 mm width as shown in Figure 5. The  
 
Table 2. Flame-retardant impregnation rate.  

 
Low Middle High 

P1 30 44 50 

P2 14 26 38 

NS 14 26 38 

PNH 15 20 20 

PN 18 24 29 

C 8 
  

B 9 
  

PNS 9 
  

 

  
(a)                                         (b) 

Figure 4. UL-94 Vertical test method by multi calorimeter. (a) Combustion diagram. (b) 
Multi calorimeter. 
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Figure 5. UL-94 Horizontal test method by multi calorimeter. 

 
flame was set up 50 W, 20 mm height, and center of width with 10 seconds. Each 
condition was tested with three samples.  

3.2. Corn Calorimeter Test 

Corn calorimeter test was performed by Corn calorimeter C3 (Toyo Seiki Seisa-
ku-sho Ltd.). This test measures the calorie of burning combustible gas generat-
ed by thermal decomposition with the spark which specimen placed horizontally 
and heated by the corn. Calorie of combustion, combustion time and time until 
ignition were measured in this study. Specimens were cut out with 100 mm 
square flat plate. The radiant heat of corn was set up 50 kW/m2 for the mea-
surement condition. Each specimen was tested with three samples. 

3.3. Thermal Analysis  

Thermogravimetric analysis was performed to investigate the decomposition 
speed of flame-retardants. Thermogravimetric analysis machine Discovery TGA 
(TA Instruments) was used. Flame-retardants which are P1, NS, PN, C, B and 
PNS, and cardboard was used for measurements. Each specimen was tested with 
a rising temperature of 20 degrees/minutes. Each flame-retardant was tested 
with three samples. 

4. Results  
4.1. UL Combustion Test of Cardboard 

Figure 6 shows the relationship between the heat release rate (HRR) and burn-
ing time on vertical combustion test and horizontal combustion test of W-flute 
cardboard. Vertical combustion has a shaper curve start and higher maximum 
HRR than horizontal combustion. Vertical combustion was a shorter combus-
tion time than the horizontal combustion from the results of Figure 6. Card-
board combustion on horizontal direction took time after the ignition was ob-
served. On the other hand, combustion of vertical direction was emitted high  
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Figure 6. Grid line for analysis combustion areas. 
 
heat immediately after ignition and burns out in a short time.  

Figure 7 shows the schematic view of combustion areas in the vertical direc-
tion and horizontal direction. Combustion speed on end was faster than the 
center of cardboard both vertical and horizontal direction was demonstrated by 
these figures. In addition, combustion was spread with the shape of concentric 
circles stretched upward to form the fire source was observed in the center of the 
cardboard.  

4.2. UL Combustion Test of Flame-Retardant Cardboards 

Figure 8 shows the maximum heat release rate of each specimen according to 
the flame-retardant impregnation rate. Effects of Phosphorus flame-retardants 
P1 and P2 were small on cardboard. However, flame-retardants of PN and PNH 
show high flame-retardant effects which had low maximum HRR even the im-
pregnation rate was 11% to 20%. Especially, PN did not ignite the cardboard on 
the impregnation rate of 18%. All three types of commercial flame-retardants 
had low impregnation rate and high maximum HRR.  

4.3. Corn Calorimeter Test 

Figure 9 shows the relationship between maximum HRR and heater tempera-
ture on flame-retardant cardboards, Relationship between total heat release (TRR) 
on each flame-retardant card boards and heater temperature was shown in Fig-
ure 10. P1 had a higher maximum HRR and THR than control (normal card-
board) and effects of flame-retardant were not observed. PNH and PN did not 
ignite when the heater temperature 475 degrees and 586 degrees, so that maxi-
mum HRR and TRR were low. The emitted carbon monoxide of flame-retardant 
cardboards was larger than normal cardboard when focused on Figure 11 car-
bon monoxide emissions during combustion.  

4.4. Thermal Analysis  

Results of the thermogravimetric analysis of flame-retardants are shown in Fig-
ure 12. The decomposition temperature of the cardboard was 300 degrees. On  
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Figure 7. Spreading of combustion transition. 
 

 
Figure 8. Peak-HRR of UL-94 vertical combustion test. 
 

 
Figure 9. Relationship between peak HRR and heater temperature. 
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Figure 10. Relationship between THR and heater temperature. 
 

 
Figure 11. CO emission [%]. 

 

 
Figure 12. TGA curves of flame-retardant. 

 
the other hand, the decomposition temperature of commercial flame-retardants 
which C, B, and PN were started from 100 degrees or less.  

All specimens of residues were within 10%. PN was pyrolyzed with 4 stages 
and residues was about 9%. P1 started pyrolysis on 200 degrees and weight was 
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decreased to 10% immediately. In the case of NS, pyrolysis occurred with two- 
stages around 300 degrees and almost no residue remained.  

5. Discussion 

The compatibility between the cardboard and each flame-retardant were inves-
tigated. Regarding the commercial flame-retardants had difficulties to impreg-
nate the cardboard and these effects were low. Pyrolysis of commercial flame- 
retardants and phosphorus flame-retardant occurred at a lower temperature of 
cardboard. Therefore, these were decomposed until the cardboard combustion. 
So, the heat of combustion was increased on the combustion test was considered.  

On the other hand, comparing the pyrolysis behavior of nitrogen-sulfur flame- 
retardants such as PN, PNH, and the cardboard, pyrolysis occurred during the 
pyrolysis of the cardboard. In addition, a large amount of carbon monoxide was 
generated on the combustion that suppressed the combustion by emitted an in-
ert gas from flame-retardants on combustion before and after. Flame-retardants 
were considered that flame-retardant effects were demonstrated in the combus-
tion test. Form these results, we thought that PN is suitable for flame-retardant 
cardboard.  

6. Conclusions 

In this study, we investigated the combustion behavior and influence of flame- 
retardants on the cardboards. UL combustion test, corn calorimeter test and ther-
mal analysis were performed to clarify the combustion mechanism and optimi-
zation of flame-retardants.  

Cardboard combusted easily in the vertical direction and combusted into a 
shape with concentric circle extended upward. Although commercial flame-re- 
tardants were pyrolyzed at the temperature on 100 degrees, however, PN was low 
in both of maximum HRR and THR and emission of carbon monoxide was high. 
PN is the suitable flame-retardant for cardboard which this emit a large amount 
of carbon monoxide and suppresses the combustion was clarified by these expe-
riments. 

PN impregnated cardboard is expected to prevent secondary damage from the 
fire in a shelter. 
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