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ABSTRACT

The international standard for FT-IR gas analysis of fire effluents in ISO 5660-1 cone calorimeter has been being
developed in ISO TC 92. A comparison of the round-robin test of WD 21397 was conducted with six participating
laboratories in 2018. The test specimens were PMMA, rigid PU foam board, and PVC flooring. The measurement quantities
were the time-to-ignition, peak heat release rate, total heat release, and effective heat of combustion for a cone calorimeter
test and peak gas concentration, gas generation, and gas yield for FT-IR gas analysis. No outliers were identified. For the

cone calorimeter quantities, the repeatability and reproducibility were 1.5% and 9.8%, respectively. For FT-IR gas analysis,
the repeatability and reproducibility was 12.9% and 27.9%, respectively.
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Table 1. Test Specimens
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Cone calorimeter
combustion gas flow

To exhaust
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Thermocouple and transducer
Gas sampling probe fitted in ISO 5660-1 Cone calorimeter
Primary filter
Heated line for gas sample transport
Secondary filter
FTIR gas cell
Pressure transducer
Gas cooler
Sampling pump
0  Flow meter
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Figure 1. Schematic diagram of gas sampling system coupled
with ISO 5660-1 cone calorimeter.
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2.3 ZZ=2|0|E A=A

Aol F2 0B ZAEE FAMEL 50 kWm™E A7
o™ PVC Ae] 79 AaA FE0] 225 o]
AL EZ IS0 5660-1:2015914] 83+ F<r Z™(Wire grid)
S AHE3EATE AR AIZES PMMAS} PVC -2 104, 73
A ZE9de RuEs 20802 Sk

2.4 FT-IR 7[ARA7| =

AN SR Table 20 FAE TR/ 7k=E SAsA
TEHOE YABREL(CO)9} ol4BREA(CO)E SA st
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Z(NO)&}F AIQFSHF2(HCN)E, PVC -2 HSh4(HCI)
& A3tk o5 7k 180 1357170 71&8 8 3}
Afral 7ol

No. Test Specimen Nominal Dimension (mm) | Density (kg-m™) Element Analysis (mass %)

1 Black PMMA 100 x 100 x 19 1,180 C: 60, H: 8, O: 32"

2 |Rigid PU Foam Board 100 x 100 x 50 50 C: 65.97, H: 5.66, N: 7.39, Cl: 1.36 Others: 19.62
3 PVC Flooring 100 x 100 x 6 750 Cl: 10.5

Note: Nominal composition of PMMA
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Table 2. Species Analyzed by FT-IR Gas Analyzer 7t224 9] THA(Interval) @t 22 #Ho] J&H), B ¥
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£ ‘ Te=E sk olg S0 7l o] YgHo] 2 LA A
PVC Flooring O 1901 - 191 -1 o 4=y gz gaFe A2 s Lmin' ol4olojof @k
25 OFE =09 2 W2 255 7JpA M
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Table 3. Repeatabiltiy and Reproducibility of Cone Calorimeter Test
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» 7} 781(Gas generation yield per unit mass of specimen
combusted, g-g")

b 71l Hagk =
572525 Wity ZIT HALS 53
g, I8 AAS T3l AFA g2l 5}
o o] A E HQl A= AUENIHA 2 AdA) B4l

S A

o
ofp
Lo

A ALstaal sk AEEE th3o Ao o) &t
ow, FA7} e Fe NHAEFE AUETE 55k
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S, = \/ \/Xz:;n 1)s? / Y (testLab.) 0

(n) — Y (testLab.)

SA71A, ne 7t N@71Re AE 35, s= 2 AP
o) A@ATe] EEAIOITE YltestLab) & HIHLA G
o3 71%ke] Sk,
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Black PMMA Rigid PU Foam Board PVC Flooring
Quantity Mean S SR mean 5 SR mean S SR
(st/m, %) (sR/m, %) (st/m, %) (sR/m, %) (sr/m, %) (sR/m, %)
tig 31 3 2.0 ) 2 5 21 5 1.5
(s) (:9%) (6.2%) (8.4%) (28.9%) (2.5%) (7.1%)
pHRR 1.5 58.9 1.0 7.6 1.4 57.2
(kW-m?) 722 (:2%) (8.2%) 443 (2%) (1.7%) 368 (:4%) (15.6%)
THR_2 156 9 242 41 4 3.1 55 4 7.5
(MJ'm™) (:3%) (6.8%) (:7%) (7.6%) (.7%) (13.5%)
EHC 25 2 1.2 20 3 .8 16 2 2.1
MI'm?kg™) (.7%) (4.7%) (1.3%) (3.9%) (1.4%) (13.0%)
3. H=Yd A xiid 24 Zut
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71349, 359 A& BE R SAgko] AEHAIL Th-
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goll lojA FFodr]de] o7t o] FoixA| o
B @ vk 2 QY E4AFE IS

o},

Y0 AL 2 A

3Q 24 of Ix

3.1 ZZ=e|0|y Ao vigy 2 xisiy

359 Alsol tigk 22 v BluAlY AZE Table
3o YERITE PMMAS] HO| EWEE((pHRR)Ol T8l A
171 7132] REEAJo] o] dX|(Stragglen)E YEFE 2L, 1SO
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gt BT of ZAsAITHt,)S H 2 s2 ulg- 22 gl #
AR Q@A o] AA oz A vehgon), AA| 2314
7He BE 0 soll A 2 s Alolol BT PVC Ao 2
stAIZEe sl Al 1] 7]13ke] o] X (Straggler) = T = A
o} 479t 2L olfE HEE EAol= X3t Th

3k ZH2E 1997 (IS0 TC 92)3 1999 3(FrHAH ol
FE A vuA Y LT B M) AUEE 2w R
A, 1997 d2] A= Ho) dEE 9 F YEdY vE
AL 5%NA 41%, AL 7%ANA 60% T-Itol EE3H
AOZ Yeston 19999 Azl Ho] ¢WEE 2 F

WEd o] WAL 4%014 16%, A2 10%014 34%
2 Uehd v itk o vuAge] AFE A Ate} v
W EH wEA D QP o] 553 FEOIAY S dE
3 ANE RYom ARFor ZZAREvE APAo
AEEE S gk sFolgta B9 = o

32 FT-IR 7RARM Zajo| Hi=l o XiSiA
gz Ags S disls HEdA 9R
N2 A%HOR AEYSS Table 2] LEH 7hx]
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Table 4. Repeatabiltiy and Reproducibility of FT-IR Analysis
Black PMMA Rigid PU Foam Board PVC Flooring
Gas Quantity S SR S SR St SR
AN (s /m, %) | (se/m, %) | T | (s/m, %) | (sw/m, %) | T | (s/m, %) | (se/m, %)
. T 8 435 6 1,798 10 235
Peak Gas Concentration (uL-L™") | 19,824 (.04%) (2.25%) 6,905 0.10%) | (24.19%) 7,200 (.14%) (3.27%)
) 8 6.7 0.4 13.5 6 72
CO2 | Gas Generation (g) 267 1 3100 | @es2%) | P | 095%) | 3161%) | 0 | (1.12%) | (14.52%)
N o 1 03 0.1 6 1 2
Gas Generation Yield (gg") 205 1 380%) | (12.66%) | 23 | 397%) | @7.03%) | 17 | 727%) | (13.41%)
. e 1 26 23 83 2 130
Peak Gas Concentration (uL-L™) 139 (60%) | (18.47%) 370 (63%) (23.04%) 694 (27%) | (18.71%)
. 1 2 1 3 1 3
CO | Gas Generation (g) L1001 5049) | (16.10%) | 282 | @49%) | (1151%) | 220 | (6.28%) | (11.14%)
N i .004 .005 034 036 024 027
Gas Generation Yield (gg") 008 1 533500 | (61.16%) | 127 | 21.80%) | 22.75%) | 071 | (34.89%) | (39.03%)
. ) 4 14.0
Peak Gas Concentration (uL-L™") - - - 43 (91%) (32.62%) - - -
) 04 11
HCN | Gas Generation (g) - - - 219 (19.82%) | (49.36%) - - -
N . .008 .009
Gas Generation Yield (g-g") - - - .012 (62.44) | (69.83%) - - -
. . 7 58.2
Peak Gas Concentration (uL-L™) - - - 83 (87%) (70.39%) - - -
- 03 0.08
NO Gas Generation (g) - - - 147 (2237%) | (57.37%) - - -
N L 008 008
Gas Generation Yield (g'g") - - - .008 (95.96%) | (95.96%) - - -
. ) 4 673
Peak Gas Concentration (uL-L™") - - - - - - 2,596 (16%) | (25.93%)
. 24 1.12
HCl | Gas Generation (g) - - - - - - 6.99 (3.48%) | (16.00%)
N . 044 052
Gas Generation Yield (g-g") - - - - - - 225 (19.43%) | (23.03%)
FEE AT, WD 213979] Az}l whe} 7h2so] WA A 7k0) FiKe) AATF U Z2 gholr] WEd A
FE Atttk ol AN F AT AR FHe o] nta AT AAE COY AT, 3F AR Tk
2 o] Jk2 &S ARSI o, Y 2 AQdAds B EE PMMA (267 g) > PVC (50 g) > PU foam (43 g)©|
Table 49 JERASIT w, ZtZhe] AEA-S PMMA (12.66%) < PVC (13.41%) <
3 PMMA[(CsHsOo)n]= AFa7F 53] FFEE ©]  PU foam 27.03%)%) AL & 4= I, ol= OE 24 7~

’2;]'711?_] 749 1 mole®] PMMA~Z} 1431 5 mole®] CO,7}
S & = glom, ol & 220 gg'Y o231 COz
&5 ougith AA 71%2] CO, & Hge] 2.05 gg’
Ql Ao & Hol WD 213972] 72 AEH L BN HAE
wsks o AoiFl CO, &2 o7 thY] 6.8%2] Apo|Th<
Ho|, o] HFE 2 w2 -] N =(Trueness)= &F
it & 4= ATk PMMAL] CO F-8&(g-g")oll thak ut
E£24(53.4%) A@H61.2%)°0] iy oz 2 A
Bl H]-n:] CcOo A ak(g) o] HiEA 9 tz‘ﬂM_Q Z¥7} 5.9%
9} 16.1%= okp:é}ﬂl UERRTE o # g AlE
E o], FT-IRE E3 712849 Ao =
7t &S At 3} 1 913l A& e

o] AU =T ol g7 W s

;94 _11}11 00

Fo|= FYsHA HEHL
A ZEtee REo] AavbzoA SAI HON<:
NO &2 AUEE CO9 COl HE|A HojA= Zloz
LRt o]e} o] BAH o]fEe A, AollA 7&tt
ulo}l o] 2o o8] A7 e =3 A A
AEE7F At AAY, ko] BT AA 7 U5 22

#olar] Y oz AztEATh AAR o] Ao = 7}
2 Fgo] opd 7hx AR A EE duFe s ¢ U

2 A5 BHh A, Figure 29 PU EZol| A A3 NO

o} HCNS| =& Yelglst], o¥ HaA| @A 54
H HONS F=& o] 43 uLL'E B F 743k 5
L-L'ellA 10 pLL! F2& fFABHATE ol Y& 7|3l
AHEGE 72 74 Al o] HONoY| th&k A &3} SHA(Limit
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Figure 2. Gas concentrations of rigid PU foam combustion.

of quantification) &%= Aol ¢IX3}7] W&ol 3t} 7]
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7HA ™ NO9| g4 #A4L2 FH (L=, 53] 2ta 7)ol
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AH-E 199913 9] SAFIR B Ao A = NOol| ti3k &
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Az HA HFe AL woes NO T SAHH
Hl| A 8} T

PVC A3t AAoA 43 Co BT HHEA(3.5%)
I AEH(16.0%)2> Fag FEoly CO F&9] RiEA
(34.9%) 7 ANH(39.0%)°] A= A R, ke
PMMA &A1 8olA 9} npzxl7iA| 2 2o ko] Rz}
HAth PVC FHe] A9 A B4 =2 F59] HClo]
H]—}\gé‘].}_‘.t-ﬂ o]h H?é]z% og & =B ] .d;]] Jg_—gHE]‘— EH
< 7HA, o] BEZLHS HIE3 7fAEA BFEOME= 7}

o b1 nd

2 AZY g A A 2= (170 £ 10) T2 FAE
e AR ok oyl Flgure 19] A&7k YE W
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A UA B AT 7t S5 ToE &40 AT 3
= 7Fe/do] Ytk E OE HCIO| £4 21024 S
g% $5& & F Atk T 7] A¢ IH FEol
£3]E HClIE 1efste] =2 ICo] I ZvETH ) &
A& sk, e Azl o] FT-IR W2]9] 7t
2284 Ae] 5% wiRtolgtal B alste], o Hl AR ]
73g F FFE MAA e L T AT B, k2 B
71 ZAE s57F e s e 23 7129 H]
So] FA o R Eobd JhsAdol A Folsfof gtk

3.3 Ml HIUr EMZNRo| H|w

ol AdE ENAFE A Ao} vlwdte] Table 5
o JERARATE &1714, 1997\ ISO TC 92/SC1ollA =3
HI A A7ket 1999 A elA FalE vluA g 2
= SAFIR ZEAHE K Ao A i3k t) 1997l
AMHEE AISEE PMMA, 4 2298w &, FEFHE,
StfEHE AyRE g Ul FJEFHEHOH 199919
AHE-E AISE PMMA, PURE 9 PVC AJERH o] A
ToA ZZEvE APZAH] ALEE 1997397 1999
del gy Aze} viugds of F53AY ¢ A3
B om FT-IR 7h=84 Ao JUEx 199919 23}
v Ao s o 2 JUEE HATh

19993} o] HlwW AP E] 2polH 2, At A5 A
Aol A FT-IRS] A8 742 EFZISIY FT-IR AHS- A
Z(Guideline) A3 A% A=A I AIAERE 1SO
19702:2006°] =XtE Ak A, T 242 A FHAl
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Table 5. Result of Previous and Current Round-Robin Programs
Precision
Study/Method/Parameters St SR

(s/m, %) (sr/m, %)
ISO TC 92/SC1, 1997
Cone Calorimeter
° HRRpea, THR 3%~55% 4%~87%
SAFIR Project, 1999
Cone Calorimeter
° Time-to-ignition 7%~ 18% 19%~68%
° HRRpea, THR 4%~16% 10%~34%
FT-IR Gas Analysis
o Peak Gas Concentration (uL-L™") 4%~17% 15%~47%

o Gas Generation (g)

11.0% (Average)” 27.9% (Average)”

This Study, 2018
Cone Calorimeter
o Time-to-ignition

> HRRy, THR, EHC

Average
FT-IR Gas Analysis

o Peak Gas Concentration (uL-L™)

o gas Generation (g)

o gas Yield (g'g")

Average

1%~8% 6%~29%

0%~2% 2%~16%
1.5% 9.8%

0%~1% 2%~70%

7.0% (Average)"
31% (Average)”
12.9%

24% (Average)"
38% (Average)”
27.9%

Note: 1) Including results for CO,, CO, HCN and HCI, excluding NO quantities due to the sensitivity to the test environment.
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