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Abstract

The application of the high-performance insulation materials for buildings seems to be an
essential measure for reducing energy use in buildings. Phenolic foam is a readily available
insulation material with thermal conductivity of about 0.018 to 0.020 W/(mK). It has the
advantage of higher thermal resistance and better fire resistance compared to other conventional
building insulation materials. Insulation material used for building envelope is regarded as one of
the decisive factors for building's energy load. Furthermore, the degradation of its thermal
performance over time increasingly affects the building's energy use demand. Generally, the life
span of conventionally built buildings is expected to be more than 50 years, so the long-term
performance of insulation materials is critical. This paper aims to evaluate the long-term
performance of phenolic form boards through an accelerated aging test. The tests were conducted
according to BS EN 13166 and KS M ISO 11561. Based on the results of the accelerated aging
test, the thermal performance variation of the material was analyzed, and then its aged value after
25 years was computed. Also, the characteristics of the phenolic foam board's long-term
performance were also examined based on the standard testing methods adopted.

Keywords: H=2 @A (Phenolic foam insulation), 7143} Accelerated aging), 27145
(Long-term performance), 871 &-&(Thermal conductivity)

7l54d
d  thickness of a reference slab (m)

d, - thickness of a specimen (slices) (m)

k; - thickness of a specimen (slices) (m)
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R, : initial thermal resistance (m?+ K/W)

R,  thermal resistance of a test specimen after time t (m”- K/W)
sy, - the estimate of the standard deviation of the initial values (W/m K)

¢ time (day)

t, - initial time (day)

S scaling factor ()

A, - the ageing increment of thermal conductivity (A, — X;) (W/m K)

)\, - the time averaged value of thermal conductivity over 25 years (W/m K)
A; - one test result of thermal conductivity (W/m K)

A : the mean of the initial values of thermal conductivity (W/m K)

mean

A : the mean of the initial values of thermal conductivity (W/m K)

mean,i

Ago/90 - the 90 % fractile with confidence level of 90 % for the thermal conductivity (W/m K)
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FThermal insulation products for buildings — Factory made phenolic foam (PF) products — Specification
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Fig. 1 Basic structure of closed-cell foam insulation”
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Fig. 2 Ageing of closed-cell foam insulation®

2.2 A7)/ AT 71458 A
(1) KS MISO 11561
KS M ISO 11561 THdAjo] AA|Hs-E7]

Lz
) B s 1 57| BehaE gaa

AXIBIAL Ql.om, o] 5 Fsl| FEA 2] 258 & BAY Fhe AT 4= Qe o] BEoM = GEA 7k

=2
o317] Slal 271700] AREEE AR A Sola 1w Al B 27108 scaling)7 .08
Sl A5} QItH(Table 1)
Table 1 KSMISO 11561 Accelerated test methods
Method A Method B

Test to determine time-dependent change in thermal

. properties of core materials

Specimen . . . .
Thin test specimens are prepared having a uniform

thickness of (10 + 0.5) mm

Preparation Temperature: (23 £ 2)°C
of Relative humidity: (50 + 5)%
specimens 48 hours or more

Measurements of thermal resistance shall be regularly
undertaken in accordance with ISO 8301or ISO 8302 in
a climate-controlled room.

Repeat test until the values of R, / R, provide a linear
relationship in the plateau regime beyond the transition
point.

Method

Periodic measurements performed over a short time
interval on thin specimens conditioned in a controlled
ambient temperature environment.

Principle The results of relative change with time are used in
conjunction with a mathematical technique to derive the
thermal resistance of greater thicknesses of the material
as a function of time.

Simplified test to determine a design life-time thermal
resistance of an unfaced product

Thin test specimens are prepared having a uniform
thickness of (10 + 0.5) mm

Temperature: (23 £+ 2)°C
Relative humidity: (50 + 5)%
(91 £ 7)days

Measure the thermal resistance of each stack in
accordance with ISO 8301 or ISO 8302 .

A sufficient number of slices shall be stacked together
to ensure that the thickness-independent thermal
conductivity is obtained.

The method has been shown experimentally to yield a
(25 £2) year value for a thickness of 50 mm
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Fig. 3 Relative thermal resistance of three thicknesses of a cellular plastic foam after application of a scaling factor®
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E21 BS EN 13166 "Thermal insulation products for buildings — Factory made phenolic foam
A58 dAAE 30l AtEE Hhs

& TEA] tie 2FAYES

WAk Q) o] AL Hl=E o] EA W A|FH A5H] Hrt 58 mdtely 9lon Aol =
Y7128 ufe} Q7pal Sefol 20 2 PEST IeHTable 2
Table 2 BS EN 13166 Accelerated test methods

Method 1 (Slicing) Method 2 (Heat ageing)

Suitable for un-faced and open faced phenolic foam

Product . .
O thermal insulation products only.

The test sample shall be taken from the full size product
not more than 50 days after manufacture.

Specimen .
mm thick.

The cutting technique should not significantly damage

the surfaces of the test specimens (slices).

Age the individual test specimens (slices) at (23 = 2)°C
and (50 + 5)% relative humidity for a time period
corresponding to the thickness.

Method

Suitable for all products with or without facings
closed cell content = 90%

Cut the test sample into test specimens (slices) of (10 = 1) The test sample shall be taken from the full size product

not more than 50 days after manufacture.

Method 70°C: The test sample shall be aged for (175 £ 5)
days at (70 £ 2)°C and then conditioned at (23 + 2)°C
and (50 £ 5) % relative humidity to constant weight as
defined in EN 12429.

Mehtod 110°C: The test sample shall be aged for (14 £ 1)
days at (110 £ 2)°C and then conditioned at (23 + 2)°C
and (50 + 5)% relative humidity to constant weight as
defined in EN 12429.
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Table 3-& £ A7Lo)| 4] KS M ISO 115613} BS EN 13166 E<=of| wha} 21585 718 AJHof| tfst =8 AlS
7158 el thgolct, AAMEle] E4L Q7 w87} A(cell) He] AR S4o] BE gelo] Aty %

2910 KS MISO 11561 HPE-8 TaAe SatolAslo] wharl Aol shte whas sl o), T
N@TE RE S57)% duerade] 3] Awe 3587l He thaa ARHKS MISO 115619 49
Sey]E8-2 TefahA) 9F1 lck BS EN 131669] 79 thdaje] 7| E-8e] ufat drldsat dhwimt Sefo]
A 2 7)A)R 8sle] BolshES AAlet i,
FAL vl B, 748} 278 Zefol A HHKS MISO 11561)9] A9 227914 10 mm
Zajo]4) 50 mmE HEal] 91907 AAES-L 245)0] 259 5 WslE 7] ANEES W) D)
5} HPH(BS EN 13166)9] < 70°co1w 175917+ F= T0°ColA 1557 A0 2) 2 110°ColH 14207 BAES
9 2745)0] 25\ & W B7|AAESS BRI
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f=E dEe 71E 7] Dot 2] =712 (closed cel) 22, S D29 71&4 E4S 11efs
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7Vds= 711 lsiAe KS M ISO 9] Sztol& Al Het BS EN 20| 7158t Alaido]
Hdd Zloz wobdn
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Table 3 Comparison of standard with accelerated test methods

KSMISO 11561 BS EN 13166

(23 +£2)°C, (50 + 5)% relative humidity

Accelerati
ceeleralion 1. ed at intervals of S0 T to 10 T(91£7) 70°C, 175 + 5 days or 110°C, 14 + 1 days

condition
days
It is assumed that the conversion factor
The diffusi i f *Faci
e diffusion for the thickness of the entire sample is Corre.ctlon by type o Eac1ng (1) LBL2/pentane
tight property ¢ blowing agent mixture: 0.001, All other: 0.002
i ' ) i *No facing (#%) LBL2/pentane
Main Facmg or For ur_1—faced and homogeneous CorrecFlon accordmg o Lixture: 0.001 . All other: 0.001
no-facing  materials only the facing or no-facing

content
It is divided into thermal acceleration method and slice

method according to the closed cell content.

-Heat acceleration method (PIR / PUR, PF): the closed cell
content of 90% or more

-Slice method (XPS): the closed cell content of 10% or more
(homogeneous materials and Slice density deviation within
10%)

Annex B.1 General.
Specific ~ Gas movement and diffusion coefficient
considerations may be different in the facing materials,
such as polyurethane or phenolic foam.
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AN 242t 27] A E-8-20.0208, 0.0187 W/(m - K) 08 ZkzF Uefyt], Lafo| A 7R Aol 7]

A-80.0208 W/(m - K) o4 912 50.0241, 175¢€ 3 0.0249 W/(m - K) 2 Yepgom ddidso] 27
Ae-gdiv] 2% 19.7% Ast =ik, E7143 AldoMe 7] @48 0.0187 W/(m - K), 175¢ &
0.0205 W/(m - K)2 §gd450] 7] SA=&tH] 9.6% A5H=JtHTable 4).

0.026

0024 |- =

0.022 -

Thermal conductivity (W/mK)

0.020 |- / A/A’/A—‘\A/‘r
0.018 |-
—®—Slicing
—— Heat ageing
0.016 L L . . s s . N N
Before test 0 20 40 60 80 100 120 140 155 175

Ageing period (day)

Fig. 4 Long-term thermal conductivity of PF insulation

Table 4 Measurement results of thermal conductivity

Thermal conductivity (W/mK)

Cycle (days) Slicing ageing test (KS M ISO) Heat ageing test (BS EN)
(23°C, 50%) (70°C)
2018-09-19 0.0208 0.0187
2018-10-08 0.0233 0.0198
2018-10-29 0.0240 0.0200
2018-11-20 0.0247 0.0201
2018-12-10 0.0247 0.0201
2019-01-02 0.0241 0.0200
2019-01-21 0.0246 0.0202
2019-02-11 0.0248 0.0203
2019-02-25 0.0249 0.0204
2019-03-11 0.0249 0.0205

JEmeA] B, Lol TMEAIE ML AT o] AR 3 8087k BRERe] A4 0 Ftel
£} 1002 o] QP ek 22 & 4= Slk ¥he, G7bs Aol Al 7HsATEo] A2 202 3 e

oA A%kt oS REE DSt 1009 ol e ThA] A% ARl 212 & 4 9tk

d

011 rEi_,
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Fig. 5= BS EN 131667} KS M ISO 11561 F3=of| whe} 21385 7143} A 27404 QA& 4270
oA AT HlEE BEAe] 259 $9] 7] @HEE e Uehd e mold. HimE 9 7158t
Al A BHEE20.0190 W/ (m - K)= S35 Gl m 7158} Al A2 238 E GHEgo] th=A yehd
25 RIS 4= k. T Al B e 7153 Al f1ek ERtol A
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Fig. 5 Long-term thermal conductivity prediction of PF insulation

KS MISO 1156183} BS EN 13166 #2] 7[5o} All7 |z whe 27| 782 242} 0.0209 W/ (m -
K), 0.0187 W/(m - K) 2 YeRgth whebd KS M ISO F32of w2 GAE-80] BSEN 2o 12 A8 R
o =2 208 FAEGom BS EN 13166 9] G7K5aPHol kg 7h53} Al 27] S =2 7153} A2}
A =gt AR A o2 EAE I

BS EN 13166 9] S=told AldHe Setold o2 S48 25l dis) HAsH: W80l = I3l A

A MES Sefol A2 Aol Al@Af = FEHE] Open cell 90| 5715kl Sefo] ARt Al R FA =
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ol £t o]t K EFA HAE BASE| Sloll efol A A MO 7HEAE 27] GHE FhollA Al A dde
& ZF ZAIst] BAsHH o]uf BA4L0.001 W /(m - K)E ZalsiA= Sreltha WAlskT Qe w2 thed
A= Lato| A AlFH o] a5 HAo] w2 HAgko] 0.0021 W /(m - K)&, BS EN EZol|A HA|sk=
0.001 W/(m - K)= Z3}s17] wizol] &efol A Aol 282 4= gl

olfet BAAMERE, Sefo] A TIEAFHE AlH | Sefo| AR 16l A5 Aot B4 6] Y T
e 91t 715 7HEAI o2 AgelA] drhe 2 wed o Qlrk

T A EF o 1| ~ 253 712] 9] & g HSHE H|w S| B (Table 5), KS M ISO Z<=of o}
2 gATg-L 1y, 1.59, 34, 104, 154, 259 5 0.021, 0.0215, 0.023, 0.024, 0.0247, 0.025 W/mK & &
A=|Qlck. w2t 2539 & HlmE DA EAEE-2 7155 A8 A g thH] 31.6%, ABAIR 27] E
AL-E tH] 19.6% 2715 A0 &2 BAEQIth BS ENFZ| mh2 A2 143, 1.54, 34, 104, 154, 25

W50.019, 0.0193, 0.0198, 0.0201, 0.021, 0.0203, 0.0205 W/(m ‘K) 2 EA=|glc}. BS ENHEZO]| k2 7|4
5} 27] QHAEE-E 71451 Al Qv AR E0 2 253 & AEE-2 9.6% 271513t

l

Table 5 Comparison of long-therm thermal conductivity prediction results

KSMISO 11561 BS EN 13166
Thermal conductivity before test 0.0190
Initial thermal conductivity 0.0209 0.0187
1 year 0.0210 0.0190
1.5 years 0.0215 0.0193
3 years 0.0230 0.0198
10 years 0.0240 0.0201
15 years 0.0247 0.0201
20 years 0.0250 0.0203
25 years 0.0250 0.0205
Thermal conductivity increase rate (3 years) 10.1 % 59%
Thermal conductivity increase rate (25 years) 19.6 % 9.6 %

tabA BS EN H3o] mh2 F7]4% #Ma}Zo] KS M IS0 H30|| 2 47 4s WelZrrt o ge Ao
HAE 0™ 25 39 GHE-8-2 KSISO 33} BS ENES0| ZF2F0.0250 W/ (m - K), 0.0205 W/(m - K)
2 KSISO Zz0] BS EN HEEHT} OF 22% =2 7 © 2 BEA R It o]2]st o]+=KS M ISO 11561 E=29]
A9 1SS BS S5 TheE DA Sefol2sle] B PAshs S971E T2t sk HRA Bl

Journal of the Korean Solar Energy Society Vol. 40, No. 2, 2020 21



el ] =2l

E80| =2 HlE=E ddA ] 7S E-S St AT dE S £ W oSSl v
HA519) HlEmE TaA ] A7 2 @HES dlE2 KS MISO 115613 BS EN 13166 ES0| 4] AlA

2 Ao Bl WS o] nE Wi E Tare] At L A1

] 718 9 259 F g HSHE AI55H7] $ls KS MISO B BS EN B w2

2 g oS =SSt

T BEZA B7PF A wE 7}4‘—/\]@% ol Qg ok A AJolsA b em KS M
A A

AUEE selol 2o R g 1 BATS ] 9

N
jg
o o
>,
o
tlo
of
rek
ng
rN
H-[
o
A
o
_O|L
[l
>,
ool
i
3
N
B
r
>
ru
o
ng

(3) F AR EZ | 7153} AR O] Apo| 2 27] Q=S TH] 1759 & FEAE Aok= KSMISO ¥ BS
EN F32& 712} F 20%, 10%2 S1E]loH, KS M ISO F520] &ato|A 71EA1 HrollA o 2 ¢
s ?%}7} U= o2 SRls|gir).

(4) 7HEeF Al ETE B oz 254 & E3ikd RIolE oI5t 2, KS MISO EEAIAIAE ek

N

SAA = 39 & OF 10%2] GE/3s Aol F el o] 25 & 0F 20%9] Ta/ds Aok et
A0 2 SRIEGITE ¥, BS EN F<Eol|4] @@ A45l= 39 & oF 6%, 258 F °F 10%= KS MISO
H o] HE485 Aoks Ayt Folct.
(5) AP W BAATS vt o g 7]E0] KS M ISO F39] &l A 7k&ARle] o5t A7 s Brie &
Y71 Ego] T2 TAMNE Slall AA] F2ARI B TefoR] o2 P o2 vjd A oA
AA 713 ET B ERlolA Bt Al xR 02 wrEr:
@A, 2§71 ] A7148%-2 KS M ISO 11561 Eo] ot &atolA] 24P o g Wrle]y glo
U 71&9] 7190t D] 57| Ego] 2 daAle ot E44E Tafote] th2A| ot ofof gt
9|, =g TaAfel Zo| 587 280] 71E 71t TA| doldt TaA e A7 e Tl &

1 2ol B BEAJS defste] getold {iilo] ofd @ri&el Alg o & Fisto] BrtElofop & Zlo = wet

T, E7|Ego] e AUl S AAES giiko 2 KS M ISO U BS EN E&o] k2 4714l 714535}
Alg A7 dashH HesE gdAY] 47148 87Tl oA Bl A At 87, ofof wheh A

|
STAEA @AAY B4 B SIS AT A B EEo] niisolor g Ao g wrtE)
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