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Investigation on Performance of Nonflammable Corrugated Fiberboard Duct

for Air Conditioning System

The 1% Report: Basic Performance of Nonflammable Corrugated Fiberboard Ducts
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Nonflammable corrugated fiberboard duct is constructed from the corrugated fiberboard coated on the surface with

aluminum foil, the tape for covering the cut surface, the foam packing for connecting the ducts, the adhesive, the aluminum

glass cloth tape. The corrugated fiberboard duct is light in weight and easy to assemble on site and has excellent workability.

From the noncombustible performance evaluation, the thermal insulation performance evaluation, the condensation test, and

the air leakage measurement, the “applicability”, “non-combustibility” and “air tightness” required for the air conditioning

duct are satisfied.
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Figure 1 Deployment view and assembly state schematic of
nonflammable corrugated fiberboard duct



Figure 1 {ZREREXAR—V & 7 + DRBAR & PR AERR
[, Table | (2GS R UBR — /L ORBEREORE R,
Figure 2 | SEfHER R UHH A OBTREAIX, Figure 3 iZ
Bl — O 2 7,

Liner board

Table 1 Component part of nonflammable corrugated fiberboard duct
and structural survey
Item Result
Corrugated fiberboard
Aluminum glass cloth tape
Component part of nonflammable Gray tape
corrugated fiberboard duct Foam packing
Adhesive
Double sided tape
ABA flute triple wall
Corrugated fiberboard structure
corrugated fiberboard
Weight measurement of nonflammable | Perduct: 715g
corrugated fiberboard duct™ Per meter of duct : 2380 g
Overall thickness : 12.5 mm
; Aluminum foil : 34 um
Corrugated fiberboard dimensions
Front paperboard : 240 um
Average value
Flute paperboard : 224 pm
| Liner boerd : 283 um

#:Calculated value determined from the weight measured by connecting
two ducts of outer dimensions 225mm » 225mm and length 300mm,

3 sheets of aluminum glass cloth tape
Connection part J

Corrugated fiberboard / ) \
Foampacking A qhesive

Double sided tape 2 sheets of aluminum glass cloth tape

Gray tape

f A Foam packing
Corrugated fiberboard
Figure 2 Cross-sectional schematic view of the connection part and

Combination part

the combination part

Figure3 Schematic drawing of corrugated fiberboard cross section
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Table2 Qualitative analysis of corrugated fiberboard duct materials

Analysis part Result of analysis
Corrugated Flute Cellulose compounds
fiberboard
covered with Liner Cellulose compounds
aluminum foil
Al s Rubber pressure Mixture ofNamrall
Sloth e sensitive rubber and Styrenic
adhesive polymer
Base material | Polyethylene
Gray tape Rubber pressure | Mixture of Natural
sensitive rubber, Carbonate and
adhesive Petroleum resin
P EPDM (Ethylene
propylene rubber)
Foam packing Rubber pressure
sensitive Acrylic polymer
adhesive
2 Mixture of polyalkylene
Adhesive slycol and carbonate
Rubber pressure | Mixture of Natural
Double sided tape sensitive rubber, Carbonate and
adhesive Petroleum resin
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B IE ¢ 1SO 5660-1:2002 Reaction-to-fire tests

- Heat release, smoke productionand mass loss rate

—Partl : Heat release rate(cone calorimeter method)
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Table3 Noncombustible performance evaluation

Duration over
Measurement | Total calorific value .
200k W/m’heating
No. (MI/m?)
rate (Seconds)
1 1.8 0
2 02 0
3 0.8 0
Average 0.9 0
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Table4 Measurement of thermal conductivity

Sample
Measurement X Temperature | Thermal conductivity
thickness
No. (C) [Wim-K)]
(mm)

1 12.5 23 0.064

2 12.5 23 0.068

3 124 23 0.069

Average 12.5 23 0.067
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Figure4 Condensation test status

Table 5 Conditions of condensation test

Ambient Temperature | Temperature | Ambient

Pattern | temperafure | inthe duct difference humidity
(C) (C) (0) (%)
I 22 10 12 67.5
a 26 10 16 60.0
il 30 10 20 525
v 26 13 13 675
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Incombustible corrugated square duct
(200><200) : 600L

—

Blower

ol

Wet gas meter Pressure gauge

Figure 5 Air leak measuring device

Table 6 Result of air leakage measurement
Static Air leakage (L/min*m)

pressure Limit Target
(Pa) value value

100 11.25 844 0.07 0.05 0.03
200 18.91 14.19 0.08 0.10 0.07
300 25.64 19.23 0.12 0.13 0.10

DuctA | DuctB | DuctC

400 31.81 23.86 0.17 0.20 0.12
500 37.61 2820 020 0.23 0.13
600 43.12 3234 0.23 0.27 0.17
700 48.40 3630 0.27 0.30 0.18
800 53.50 40.12 0.30 0.37 0.20

900 5844 43.83 0.33 0.40 0.23
1000 63.25 4743 0.37 0.43 0.27
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Figure 6 Relationship between static pressure in duct and
leakage
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[nvestigation on Performance of Nonflammable Corrugated Fiberboard Duct

for Air Conditioning System
The 2™ Report: Performance Test after Thermal Degradation

E=E8 OFEEEZ (LEHEIFMmarscmm)
E£E ES3EF (LEBHEEEAEEE)
Takayuki SAITO™

Kazumi NAKAYAMA™

ESE e (S EFmrsiss)
REEAN (REEFBERERENER)
Tomoko WATANABE'!  Yoshito OHTAKE"

“! Chemicals Evaluation and Research Institute, Japan *>Nagaoka University of Technology

Physical property of nonflammable corrugated fiberboard duct after thermal degradation was investigated. The physical

property of the duct after aging at 373 K for 50 days was evaluated by puncture resistance test, bend test, peel test, and so

forth. Puncture resistance and bending strength of the corrugated fiberboard part were slightly decreased after the aging,

whereas peel adhesion of aluminum tape was slightly increased. The degree of degradation was quit low even after the aging

at 373 K for 50 days, so that the degradation of the duct will be negligible at ambient temperature, i.e. 283-299 K.
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Figure I Sampling area for accelerated degradation treatment
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Table I Weight change of aluminum laminated corrugated fiberboard

part after aging at 373 K
Aging time Weight change from pristine aluminum
(h) laminated corrugated fireboard (%)
168 -0.7
504 -1.2
1200 -1.3
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Figure2 Appearance of puncture resistance test at alminum laminated
corrugated fiberboard part

Table2 Results of puncture resistance test of aluminum laminated
corrugated fiberboard part before and after aging at 373 K

Aging Spring constant ot i O
time (h) (N/m) o surfa.ce At maximum
destruction

0 67.5 125 336

168 74.5 984 258

504 63.7 125 277

1200 60.8 105 236
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Figure 3  Sampling area and direction for bend test



Table 3 Result of 3-point bend test of aluminum laminated corrugated

D
L

Ava

Figure4 Appearance of 3-point ben

d test

fiberboard part before and after aging at 373 K

Aging | Sampling direc- Flexural Maximum load
time (h) tion to duct stiffness (N/m) | on bending (N)
5 circurnferential 151 117
longitudinal 64.1 56.7
- circumnferential 151 154
longitudinal 64.5 54.5
circumferential 143 144
504
longitudinal 35.0 60.7
circumnferential 142 122
1200
longitudinal 54.1 57.1
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Table 4 Results of puncture resistance test of coupled part before and

afteraging at 373 K
A S st Puncture Resistance (N)
time (h) (N/m) o surfz.we At maximum
destruction

0 506 692 877

168 61.5 574 - 1060

504 652 630 944

[ 1200 349 360 833
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Figure 5 Appearance of peel adhesion test

Table 5 Results of peel adhesion test of aluminum tape before and after

aging at 373 K
Aging time (h) Peel adhesion at 90° (N/25mm) |
0 207
168 308
504 2.0
1200 240
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Table 6 Themmal conductivity of aluminum laminated corrugated
fiberboard before and after aging at 373 K

L Thermal conductivity
Aging time (h)
(W lTI'] P K—] )
0 0.067
168 0.061
504 0.062
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Table7 Result of water vapor transmission test of aluminum laminated
corrugated fiberboard before and after aging at 373 K

L Water vapor transmission rate
Aging time (h)
(gmr24h)
0 28
168 1.6
504 14
3. =&
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Investigation on Performance of Nonflammable Corrugated Fiberboard Duct

for Air Conditioning System
The 3" Report: Estimation of Life-time for Nonflammable Corrugated Fiberboard Duct
Utilizing Thermal Analysis
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Abstruct The degradation evaluation and the life-time estimation of the nonflammable corrugated fiberboard duct for air

conditioning were investigated. The adhesive strength of the aluminum tape was the most remarkable for the degradation

of the characteristics due to the aging. A life-time estimation model was constructed based on chemical reaction kinetics.

The apparent activation energy for the degradation reaction of the adhesive was determined by thermogravimetry, and the

lifetime was estimated. Even after 30 years, the adhesive strength is stronger than the initial one, and it is estimated that the

nonflammable corrugated fiberboard duct has sufficient durability.
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Table I  Evaluation methods for degradation of
nonflammable corrugared fiberboard duct
Object Method
; Puncture resistance test
Mechanical strength of body parts 3-ott bend test
Tackiness of aluminum tape Peel test

Water vapor {ransmission
1est; Dish method

Heat flow meter method

Water vapor transmission rate of
coupled part of duct

Thermal insulation properties
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Figure3  Change of IR spectrurn of adhesive on aluminum tape after Figure 4
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