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HccnenoBanue TeMIOU30ISIIUOHHBIX CBOMCTB
neHonoauuzormanypatbix (ITUP) conasuu-nanenei
IpU IOHWKEHHBIX TEMIEpaTypax.
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BASF Polyurethanes GmbH, Canxm-Ilemep6ype, Poccus

BBenenne

[Tomuuzormanypatueie (IIMP) maHenn MUPOKO HCMOIB3YIOTCS B CTPOUTEIBCTBE B
Ka4yeCTBE TEIUIOU3OISIHMOHHOTO MAaTe€pUalia C NOHWKEHHOW TOPIOYECTBIO IO CPAaBHEHUIO C
OOBbIUHBIM meHononuypeTaHoM. [loBwimenHast orHecroiikocts [IMP maneneit oObsicHseTcs
HaJM4YMEeM B TOJMMEPHOM MAaTpHUIIe MOJIMH30IMAaHYpPATHBIX CTPYKTYp, 00pa3oBaHHE KOTOPBIX
TpeOyeT crenualbHOro COCTaBa IMOJHMOJBHOIO KOMIOHEHTa (KOMIOHEHT A), 3HauUTEIbHOTO
n30bITKa M30IMaHaTa (KOMIOHEHT b) 1 0coOBIX yCIIOBUI TIepepaboTKy.

Ha cerogusmnuii nens, nenonoauyperan (I1ITY), a Takke ero meHee roprouuii aHaJjIor -
nonuuzonuanypar ([IMP) sBnstorcs Hambonee ShekTUBHBIMU  MaTepuagamMu IS
TETUIOM3O0JISIIIMKA CPEIU BCEX CYHIECTBYIOIIMX HA CETOAHSALIHUHA JI€Hb TEIUIOM30JIIIUOHHBIX
MaTepHaIoB.

Crnenyer OTMETHTh, 4YTO BeJdu4YMHAa Kod(h(uimMeHTa TerionpoBoaHoctd (JlsimOmaa)
MaTepHuaia CKJIaJbIBaeTCsl U3 HECKOJIbBKUX (DaKTOPOB, HO HAMOOJIBLIMIA BKJIAJ B €€ 3HaYCHHE
BHOCHUT Tra3, CoOJepKaluiics B sueiikax momumepa [1], oOpazoBaHue KOTOPOTO SIBISICTCS
CJIEZICTBUEM HCIOJIb30BaHUS COOTBETCTBYIOIIETO BCIEHMBAIOLIETO0 areHTa. MOXKHO BBIJIEIUTh
JIBE TPYIIBI BCTICHUBAIONIMX areHTOB: XUMHUYECKHe (BoJa, MypaBbHHAsI KHCIIOTA)  (PU3NIECKHE
(bpeoHbI, TEHTAaHBI, METUIIANb, T.C. HHU3KOKHUIIAIINE WHEPTHBIC OPraHUYECKHE BEIECTBA).
XUMHUYECKUE BCIICHUBATENN PEArHPYIOT ¢ N30I[MAHATHBIM KOMIIOHEHTOM, YTO B UTOT€ MPHUBOIUT
K 00pa30BaHUIO YIJIEKUCIIOTo raza. B ciyuae ¢usmueckux BclieHUBaTeneid oOpa3oBaHue rasa
IIPOUCXOUT 32 CUET MEePEX0/1a BCICHUBAIOUIET0 areHTa 13 KUIKOT0 B Ta3000pa3HOE COCTOSTHUE
B YCJIOBUSX 9K30TEPMHUUECKOM peakiuy KoMrnoHenta A u b.

TennonpoBoHOCT, MaTepUaOB OOBIYHO M3MEpSIOT IMpH cpeaHell temmeparype 10°C
(EBpoma) wiu 23,9°C (CILA) [2], omHako, WHOTIA UCTIONB3YIOT U Apyrue 3HaueHus. [Ipu aToMm,
BEJIMYMHA TETJIONPOBOJIHOCTH IEHONOJIMYpeTaHa M NEHONOJUH30LUMaHypaTa OOBIYHO HMeEeT
JIMHENHYIO 3aBUCUMOCTB OT CPEIHEN TEMIIEPATYPHI.

Oo0cy:xnenue

HenaBHo, amepukanckas xommnanusi Building Science Corporation omy6nukoBana
pe3ysbTaThl CBOEro HccienoBanus [3], Hamboyiee HMHTEPECHOW YACThIO KOTOPOTrO CTajio
HaOJroaeMoe aBTOpaMH HEOOBIYHOE TOBEACHUE Teronzonupytomeid crnocoonoctu [TUP
naHesneid. Tak, B OTIMYMM OT JpPYTUX HCCIEAYEMBIX MAaTepUaloB, Ybs BEJIUYMHA
TEIUIONPOBOAHOCTH  MMENa  JIMHEHHYI0  3aBUCHMOCTb  OT  CpEAHEW  TeMIlepaTypsl,
teronpoBogHoCcTh [IMP manenei pe3ko yxyamanach IpU MOHWKEHUU CPEAHEN TeMIlepaTyphl
Hwke +15°C (Puc. 1), nmpu 3TOM HUKaKMX HAyYHBIX OOOCHOBAaHUU HAOJFOAEMbBIX PE3YJIbTATOB
HKCIIEPUMEHTA, K COKaJICHHIO, HE TPUBOIUIOCE.
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Puc. 1. Pe3koe yBeanuenue kod3¢p¢puumenta rtemnonpoBoaHoctu I[IUP nanmesm npm
yMeHbIIEHHH cpeaHeli Temmepatypbl Huxke 15°C, corsiacHo wuccaeroBanuio Building
Science Corporation [3].
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WutepecHo, uto aBTOphl paboThl [4], Takke cchutaromnmecs Ha ucciemoBanue Building
Science Corporation [3] 00bsicHSIOT HaOIIOJaeMO€E pe3Koe yXylieHue Tertonpooanoctu [T1P
HaHeleil BO3MOXKHOW KOHJEHCAIIMEH BCIIEHUBAIOMIETO areHTa, HaXOJMIIErocs B sUYeKax
Marepuaia Tpu TMOHKCHUH TeMieparypsl. TakuM o0pa3om, cOriiacHO aBTopam paboter [4],
Ha0JIr0JaeMble  TETUIOM30JISIIIMOHHBIE CBOMCTBA, B IEPBYIO OYEpElb, 3aBHCAT OT THIIA |
KOJIMYECTBA BCIICHUBAIOIIETO areHTa, T/Ie TJIaBHYIO POJIb UTPAET €ro TeMIepaTypa KUIECHHS.

B 3T0it CBA3M, CYIIECTBEHHBIM HEJOCTATKOM aMEPHKAaHCKOTO MccieaoBanus [3] sBiasercs
HE TOJIbKO JIMITh KOHCTATaIus HaOII0JaeMbIX (PaKkToB 0€3 Kakoro-audo TIyOOKOTO Hay4yHOTO
OOBSICHEHUS, a TaKXKe OTCYTCTBUE JaHHBIX O XHUMHYECKOM COCTaBE HCIOIb3YEMbIX
MOJIMYPETAHOBBIX W TIOJIMHM3OIMAHYPATHBIX TMaHeNed (TUIE M KOJMYECTBE BCIICHHBAIOIIECTO
areHra), OCIOXKHAIIIEe HHTEPIPETALUI0 JOBOJBHO HMHTEPECHBIX C HAYYHOH TOYKH 3pPEHUs
pe3ynbraroB. Takke, B JOMOJTHEHUE K TMPOBEACHHBIM aBTOpaMu [3] MCCIIEOBAaHUSIM COOPHBIX
CTEHOBBIX KOHCTPYKIIUH, A1 BBIABICHUS HMCTUHHBIX NPUYMH HAOIIOJA€MBIX pPE3yJbTaToB,
JOTUYHO ObUIO OBl MPOU3BECTH OLIEHKY TEIUIONPOBOAHOCTH HEMOCPEICTBEHHO MaTepuaia
TETUIOU30JISIIIHOHHOTO CIOSI, YTO, K COKAICHUIO, CJICIaHO HE OBLIO.

B nacrosmieit paboTte, u1st IPOBEPKU JOCTOBEPHOCTH MOIYUYEHHBIX paHee aMepUKAHCKUMHU
UCCIIEIOBATENSIMU  JTaHHBIX W BBISBICHHUS TPUYMH BECbMa HEOOBIYHOTO IOBENIEHUS
Teruion3oaupyromei cocoonoctu IMMP naneneil npu MOHMKEHHBIX CPEJHHMX TeMIleparypax,
MBIl  MONPOOOBAM  OCYIIECTBUTH  AQHAJOTUYHBIA  HKCIEPUMEHT Ha  COOCTBEHHOM
UCCIIEI0BATEIbCKOM 000pY/JOBAHUH.

C oroii menbi0 HaMHM OBUT OCYLIECTBIEH aHaiau3 TemonpoBoanoctu I[P mnaneneit
YETBIPEX OTEYECTBEHHBIX IIPONU3BOJAUTEIIECH.



W3mepenne TeronpoBOIHOCTH OCYIIECTBISUIN C MCHOJIb30BaHueM npubopa Taurus TCA
300 DTX (mpowmsBoaurens: Taurus GmbH, I'epmanust) mociea0BaTeaIbHO MPH MATH Pa3IMYHBIX
cpeanux temmeparypax (2, 10, 15, 25, 50 °C) B ogHOM LuKJIe U3MepeHHi ¢ TpagueHToM 5°C
(pasuuiia temmeparyp 10°C).

OOpasupl A WCHBITAaHUN K3TOTABIMBAIUCH M3 sjApa (parMEHTOB YETHIPEX COHIBHY
naHesiel ¢ oOJMIIOBKON M3 MeTajula M MPeJICTaB/IsUId cO0O0M MmaHeln U3 MEeHOMOINU301ManypaTa
(IINP) pazmepom 300x300%x25 mM. M3mepeHue HavaabHOrO 3HAYEHMS TEIJIONPOBOJHOCTU
OCYIIECTBIISLIN Mpu cpeaner Temneparype 10°C crycts 24 yaca mocje u3roToBjIeHUs 00pa3iioB
U WX KOHIMIMOHUPOBAHMUS TpU KOMHaTHOW Temieparype (Tabmuma 1). W3mepenue
TEIIONPOBOIHOCTH B psiay cpennux temmeparyp 2, 10, 15, 25, 50°C ocymectBisiin 90 nHei
CITYCTsI U3TOTOBJICHUS 00Pa3IIOB.

B cootBercTBUM ¢ omyOnHMKoBaHHBIM B pabote [3] rpadukoM H3MEHEHUS BETUUYMHBI
TEIUIONPOBOAHOCTH B 3aBHCHUMOCTH OT cpenHei temmeparypsl (Puc 1), joruuHo ObLIO 0KUAATH
CKauKa TETUIONPOBOIHOCTH Oojiee yeMm B aBa pasa oT 0,021 mo 0,051 B1/M*K npu noHmxeHun
cpenueit Temnepatypsl ot 15°C mo 2°C. OmgHako, mpu KccienoBaHUM deTbipex obpasuos TP
COH/IBHY-TIaHeNIel yBeNuYeHHs] KOd(PQPUIMEeHTa TEIUIONPOBOAHOCTH HaMH 3a(UKCHPOBAHO HE
obut0 (Puc.2, Tabnuua 1).

0,054

0,049

0,044

0,039

0,034

0,029

0,024

0,019
0 10 20 30 40 50 60
e O6pazey, 1 O6pazel ? e O6pazey 3
Obpazey 4 e=¢@= «JoknagBSC

Puc. 2. TenuonpoBoaHocts Yerbipex IIUP conaBuy-nanesieil pa3jiMm4HbIX NPOU3BOAUTEIEH
B HHTepBase cpegHux Ttemmneparyp ot 2 1o 50°C neBsiHOCTO JHeH CIYCTSI M3rOTOBJICHUS
00pa3oB B CpaBHEHHMM C paHee omyojauMKoBaHHbIMH JaHHbIMH Building Science
Corporation [3] (myHkTHpHAasK JTHHUS).



Tab6auna 1. PesynbTaTsl n3Mmepenns TenaonposoaHoctu Yerbipex ITMP conaBny-nanesei
pa3JM4YHbIX IPOU3BOAUTE/IEH B HHTEPBAaJie cpeaHux Temmneparyp ot 2 10 50°C

Cpennss
TeMneolgTypa, O6paszen 1 | O6pasen 2 | Odpasen 3 | Odpasen 4 (Hpnﬁﬂgfy:criii E]ifs[jlqeﬂuﬂ)
HauanbHoe 3HaueHHe K03 PuinenTa TemionpopoaHocTa, Br/m*K
10 | 0,01998 | 0,01978 | 0,02068 | 0,01994
KosdduunenT TenonpoBoaHocTu cnycts 90 qHei nmocJie u3roTroBjaeHus 00pas3unos,
Br/Mm*K

2 0,02371 0,02153 0,02446 0,02157 0,051
10 0,02459 0,0218 0,02452 0,0222 0,029
15 0,02527 0,02238 0,02514 0,02279 0,022
25 0,02656 0,02358 0,02644 0,02399 0,024
50 0,02977 0,02675 0,02989 0,02706 0,028

Kak BugHo w3 Pucynka 2 wu Tabmumbl 1, HawampHOEe 3HAYeHHWE KOXPPUITUEHTA
TEIUIONPOBOAHOCTH TIPAKTUYECKH BCEX HCCIEAYEMBIX 00pa3lloB COOTBETCTBYET OOBIYHO
nexmapupyemoit st [TMP manene#t Benmuumue 0,022 Br/m*K. YBenndenue kodddummeHTa
TEIUIONPOBOAHOCTH ciycTs 90 mHE# mociie M3roTOBJICHUs 00pa3loB CBS3aHO C MPOTEKAHHUEM
nporecca auddy3un razoB, HAXOAAMUXCA B SYSHKaX MaTepHralia U BHEIIHEH Cpelie, U CUUTAeTCs
HOPMAaJILHBIM SIBJICHUEM JIJISl ICHONIOJIMYPETaHa UK TIEHOMOJIMU30IMaHypaTa ¢ OTCYTCTBYIOIIUM
MOKPOBHBIM MaTEepHAIOM ¥ Je(OpPMHPOBAHHBIMU (B JaHHOM CIy4yae B IPOLIECCE PACIHIIKH)
STYCHKaMU BEPXHETO CJIOSI.

B cnyuyae o6pasuoB 2 u 3 BenuuuHbI K03()(PUIMEHTOB TETUIONPOBOAHOCTU MPH CPEIHUX
temneparypax 2 u 10°C umeroT HEOOJBIIYIO pa3HUIy W MX KPHBBIE B 3TOM JHAaIra3oHe
npuoOperatoT Oosiee ToJOrUi BHJ. Bmecte ¢ TeM, clieayeT OTMETHTh, 4TO Ko3(duimeHt
TEIUIOPOBOAHOCTH JJIi BCEX HMCCIIEJOBAHHBIX OOpa3OB MMEET JMHEHHYIO 3aBHCUMOCTH OT
Cpe/IHEeH TeMIlepaTyphl, KaK U JUIs IPYTUX MaTepualioB, yka3aHHbIX B jpokiane BSC [3].

3akiro4eHue

Takum o00pa3oM, Ha pealbHBIX MPOMBIIUIEHHbIX oOpaszuax I[IMP canaBuu-nanenei
Poccuiickux mpou3BoUTENIeH IKCIIEPUMEHTAIBHBIM ITyTeM OBUIO MOKa3aHO, YTO TEHICHIHS K
pEe3KOMYy  YBEIHUYEHHI0 Kod(h(dUIlMeHTa TEIIONPOBOJHOCTH TMpPH TMOHWKEHUH CpenHen
TemriepaTypbl Hike 15°C oTCyTCTBYeT, a pe3ylbTaThl paHee onyoinkoBanHoW padotsl Building
Science Corporation [3] He COOTBETCTBYIOT AEHCTBUTEIBHOCTH M BBI3BIBAIOT OOJIBIIHE
coMHeHusA. [lo KkpaitHelh Mepe, HMX Henb3s paccMarpuBaTh B OTHOLIEHMM Poccuiickux
MIPOU3BOIUTEIICH, JIIT KOTOPBIX TUITMYHBIM BCIICHUBAIONINM areHTOM SIBJIICTCSl H-TICHTaH, JIN0O
€ro CMeCH C H30-TIEHTAaHOM B pa3nuuHbiX cooTHomeHusx (80:20, 70:30), B omiuuumu OT
AMEpHUKaHCKOH TMOJIMYPETaHOBOW OTPACIH, T/Ie TAK)KE HCIOIB3YeTCs IMUKIONEHTaH, UMEIOIIHIA
Oojiee BBICOKYIO TeMIlepaTypy KHUIEHHs W, KaK CIEICTBUE, Oojiee BBICOKYIO CKJIOHHOCTH K
BO3MOXKHOH KOHJICHCAITUH B STYCHKaX MOJUMEpPA MIPH IMMOHMKEHHBIX TEMIIepaTypax.
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Investigation of thermal isolation properties
of polyisocyanurate (PIR) sandwich-panels
at decreased mean temperatures.

Dr. Evgeny Stukan
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00O “Elastokam” — joint venture between PAO Nizhnekamskneftechim and
BASF Polyurethanes GmbH, St.Petersburg, Russia

Introduction

Polyisocyanurate (PIR) panels are widely used in the construction industry as a thermal
insulation with decreased flammability in contrast to conventional PUR foam. The improved fire
behavior of PIR panels is a result of polyisocyanurate moieties presence in polymer matrix that
can be formed in special conditions including polyol composition (Component A), considerable
excess of isocyanate (Component B) and particular production line parameters.

Today polyurethane (PU) and its less flammable brother polyisocyanurate (PIR) are the
most effective thermal insulation.

It should be noted that the thermal conductivity value (Lambda) is affected by several
factors and the cell gas that originates from the use of a particular blowing agent has the highest
impact [1]. Blowing agents can be devided into two groups: chemical (water, formic acid) and
physical blowing agents (CFCs, HFCs, HCFCs, pentanes, methylal — inert organic substances
with low boiling point). Chemical blowing agents react with isocyanates and one the products of
such interaction is carbon dioxide. Cell gas formation in case of physical blowing agent is a
result of boiling of a liquid during the exothermic reaction of A and B components.

The thermal conductivity of different materials is usually measured at mean temperature of
10°C (Europe) or 23,9°C (USA) [2], but the other values also used if required. The thermal
conductivity of PU and PIR foams usually has linear dependence from the mean temperature.

Discussion

Recently, American Building Science Corporation (BSC) published the results of its
research [3] that revealed unusual performance of polyisocyanurate (PIR) thermal insulation
panels. According to the report, in contrast to the other investigated materials that showed linear
dependence of thermal conductivity from the mean temperature, PIR panel Lambda has
increased dramatically with the drop of mean temperature below +15°C (Fig. 1) but no scientific
proof was provided to explain the results.
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Fig. 1. Dramatic increase of Lambda of PIR panel with the drop of mean temperature
below 15°C, according to Building Science Corporation [3].
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It is interesting that the paper [4] citing the research of Building Science Corporation [3]
suggests that the increasing of PIR Lambda can be the result of blowing agent condensation in
the cells at decreased temperatures. Thus, according paper [4], the observed thermal insulation
properties mostly depends on the type and quantity of blowing agent where the most critical is its
boiling point.

Thus, the great disadvantage of BSC report [3] is not only providing the results without
any scientific explanation but also the absence of data concerning the chemical composition of
investigated polyurethane and polyisocyanurate panels (type and quantity of blowing agent) that
makes the interpretation of observed results very difficult. In addition to the investigation of
thermal conductivity of wall constructions [3], in order to establish the real reasons of the
observed results it would have been logically to investigate the thermal conductivity of the
insulation layer material but has not been done.

In the present work in order to check the reliability of BSC report data and establish the
reasons of such unusual thermal insulation behavior of PIR panels at decreased temperatures we
tried to perform the same experiment using own research equipment.

With this purpose we investigated the thermal conductivity of PIR panels produced by four
Russian manufacturers.

The thermal conductivity measurement was performed using Taurus TCA 300 DTX
(manufacturer: Taurus GmbH, Germany) consequentially at five different mean temperatures (2,
10, 15, 25, 50°C) in one measurement cycle with a gradient of 5°C (temperature difference
10°C).



The samples for testing 300x300x25 mm were cut out from the core of sandwich-panel
pieces with metal facers. The initial Lambda was measured at 10°C mean temperature 24 hours
after the sample preparation (Table 1). The thermal conductivity measurement at five mean
temperatures 2, 10, 15, 25, 50°C was performed 90 days after the sample preparation.

According to the graph published in BSC report [3] (Fig. 1) that shows the dependence of
thermal conductivity value from the mean temperature of different materials it was logically to
observe the same strong increase in Lambda from 0,021 up to 0,051 W/m*K during the decrease
of the mean temperature from 15°C to 2°C. However, we didn’t observe any increase of Lambda
in our research (Fig. 2, Table 1).
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Fig. 2. The thermal conductivity of PIR sandwich-panels produced by four manufacturers
in the mean temperature range from 2 to 50°C ninety days after the sample preparation in
contrast to published data by Building Science Corporation [3] (dotted line).



Table 1. The results of thermal conductivity measurement of PIR sandwich-panels
produced by five manufacturers in the mean temperature range from 2 to 50°C

Mean BSC report [3]
tempeorcature, Samplel | Sample2 | Sample3 | Sample 4 (approximate values)
Initial Lambda, W/m*K
10 | 0,01998 | 0,01978 | 0,02068 | 0,01994 |
Lambda 90 days after the sample preparation, W/m*K

2 0,02371 | 0,02153 | 0,02446 | 0,02157 0,051
10 0,02459 0,0218 0,02452 0,0222 0,029
15 0,02527 | 0,02238 | 0,02514 | 0,02279 0,022
25 0,02656 | 0,02358 | 0,02644 | 0,02399 0,024
50 0,02977 | 0,02675 | 0,02989 | 0,02706 0,028

As can be seen in Fig. 2 and Table 1, the Initial Lambda of almost all testing samples
corresponds to the usually declared value of 0,022 W/m*K. The increase of Lambda 90 days
after the preparation of the samples is the result of diffusion of the cell gas and air. It is
considered to be normal for PUR or PIR without facers and material having crushed cells of the
upper surface layer.

The samples 2 and 3 have a small difference in Lambda values at mean temperatures 2 and
10°C and its curves take more horizontal orientation in this range. It should be noted that for all
tested samples Lambda has linear dependence from the mean temperature as for the other
materials listed in BSC report [3].

Conclusion

Thus, our investigation of PIR sandwich-panels produced by different Russian
manufacturers showed that no Lambda increase exist at the mean temperature below 15°C and
the data provided by Building Science Corporation [3] are not reliable and doubtful. At least, it
can’t be applied for Russian PIR producers as they use mainly n-pentane or its mixtures with iso-
pentane in different ratio (80:20, 70:30) in contrast to the American industry which also use
cyclopentane that has higher boiling point and, hence, more likely to condense in the foam cells
at decreased temperatures.
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o 0024
n
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u
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i 0022
,'; 0.021
i
t Q020
y Fas
0018
o0.o1s
00 230 60 90 120 150 180 210 240 270 200 330 330 300 420 450 480 510 54.0
Sample mean terperature (*C)
Lambda (10.0°C) = 0.0200 Wi/{m*K)

Vaevolozhsk, 13.02.2017

Elastokam Technical Center
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MEASURING THERMAL CONDUCTIFITY
Report No.:
Sample Thickness : 25.96 mm
Specimen Sample 2 initial Lambda
Dimensgion 300mm=300mm*height mm
Comment with heatflowmeter
Test device TCAZDDDTX
Date of measurement 02.11.2016
Operator Dr. Evgeny Stukan
Remarks
Measuring| Heat flow Temperature | Temperature | Temperature- | Sample mean Thermal
Ma. cold sample | warm sample difference temperature conductivity
surface surface on sample
{(Wim?) ("C) (°C) (K) (*C) (Wim™K)
1 7.564 43 15.2 10.3 10.0 0.01973
WM
0.020
o 0023
h
= DoaT
r
m  0.026
a
' pos
L=
o 0024
n
4 poz3
u
L=
i 0.022
,'; 0.021
i
t o020
¥ i
0.018
0.012
00 20 &0 00 120 150 180 21.0 240 270 200 330 280 300 420 450 480 510 540

Samgple mean temperature (*C)

Lambda (10.0°C) = 0.0198 WI(m*K)
Result +/- expanded uncertainty (factor 2}

Weevelozhsk, 13.02.2017

Elastokam Technical Center
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MEASURING THERMAL CONDUCTIFITY
Report No.:
Sample Thickness : 2511 mm
Specimen Sample 3 inifial Lambda
Dimension 300mm=300mm*height mm
Comment with heatflowmeter
Test device TCA DD DTX
Date of measurement 02.11.2016
Operator Dr. Evgeny Stukan
Remarks
Measuring)l Heat flow Temperature | Temperaiure | Temperature- | Sample mean Thermal
Ma. cold sample | warm sample difference temperature conductivity
surface surface on sample
{Wim?) ("C) (°C) (K) (*C) (Wim*K)
1 2.494 43 15.2 10,3 10.0 0.02068
W™K
0.020
o 0023
h
= 0027
r
m  0.026
a
I paozs
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n
d D23
u
L=
i 0.022
1
0.0
i X
t p.o20
¥
0.019
0018
00 30 60 90 120 150 180 210 240 270 300 230 280 200 420 450 480 510 540

Sample mean ternperature (*C)

Lambda (10.0°C) = 0.0207 W/(m*K)
Result +/- expanded uncertainty (factor 2)

Weevolozhsk, 13.02.2017

Elastokam Technical Center
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MEASURING THERMAL CONDUCTIFITY
Report No.:
Sample Thickness : 25.55 mm
Specimen Sample £ inifial Lambda
Dimengion 300mm=300mm*height mm
Comment with heatflowmeter
Test device TCA 300 DTX
Date of measurement 02.11.2016
Operator Dr. Evgeny Stukan
Remarks
Measuring] Heat flow Temperature | Temperature | Temperature- | Sample mean Thermal
Mo. cold sample | warm sample difference temperature conductivity
surface surface on sample
(Wim) FC) (*C) (K) (*C) (Wim*K)
1 7.951 43 152 10,3 10.0 0.01994
WMk
0024
o 0023
h
= D27
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n
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,'; 0021
i
t pozo
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0018
o.o1a
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Samgple mean termperature (*C)
Lambda (10.0°C) = 0.0199 Wi(m*K)

Result +/- expanded unceriainty (factor 2}

Veevolozhsk, 13.02.2017

Elaztokam Technical Center
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ElastoKam R A e RS asane
MEASURING THERMAL CONDUCTIFITY
Report No.:
Sample Thickness : 25.52 mm
Specimen Sample 1
Dimension 300mm=300mm*height mm
Comment with heatflowmeter
Test device TCAZDDDTX
Date of measurement 02.02.2017
Operator Dr. Evgeny Stukan
Remarks
Measuring Heat flow Temperature Temperature Tempersture- Sarnple mean Thermal
MNao. cold sampls warm sample difference tEMpersiure conductivity
surface surface on sample
(W) FC} I*C (K e MIm*K)
1 B.565 -2 71 10.3 2.0 002371
2 B.a21 48 15.1 10.3 10.0 0.02458
3 10.182 28 201 10.3 15.0 o.o2527
4 10.711 18.8 301 10.3 25610 0.02558
5 11.987 440 552 10.3 50.0 0.02877
WimK)
0.031
0.030
X
T
h 0028
[
r
m  0.028
a
|
o.az2v
L=
B X
n
d 0.026
u
¢ oms
i X
L)
;. D.024
1
t X
v 0.023
.02z

DO 30 &80 90 120 150 180 21.0 240 27.0 300 330 330 390 420 450 450 51.0 540
Sample mean temperature (*C)

Lambda (10°C) = (0.0247 +-0.0007) Wi(m*K)
Result +/- expanded uncertainty (factor 2}

Weevolozhsk, 13.02.2017

Elastokam Technical Center
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MEASURING THERMAL CONDUCTIFITY

Report No.:
Sample Thickness : 25.52 mm
Specimen Sample 2
Dimensgion 300mm=300mm*height mm
Comment with heatflowmeter
Test device TCA3DDDTX
Date of measurement 02022017
Operator Dr. Evgeny Stukan
Remarks
Measuring Heat flow Tempsrature Tempsrature Temperaturs- Sampls mean Thermal
MNao. cold sample warm sample difference tEMpersiure conductivity
surface surface on sample
(Wl °C) [FC) (k) FC) LY
1 5705 32 72 10.3 20 0.02153
2 B.312 4.8 152 10.3 10.0 0.02180
3 B.Os2 9.8 202 10.3 15.0 0.02238
4 B.521 18.8 302 10.3 25.10 0.02358
5 10.780 440 552 10.3 50.0 0.02575
WM
0.028
0.027
. X
h
o 0.028
r
m
T 0.025
L=
o 0024
n
d Pt
Y po3
[+
t
| 0022 ! 1
v - T
i X
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¥ oonf—
0.020

18.0 21.0 240 270 300 330 330 380 420 450 480 510 540
Samgple mean ternpersture (*C)

OO0 30 &0 90 120 150

Lambda (10°C) = (0.0220 +/-0.0007) Wi(m*K)
Result +/- expanded uncertainty (factor 2}

Weevolozhsk, 13.02.2017

Elastokam Technical Cenfer
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MEASURING THERMAL CONDUCTIFITY

Report No.:
Sample Thickness : 25.05 mm
Specimen Sample 3
Dimension 300mm*=300mm*height mm
Comment with heatflowmeter
Test device TCA 30D OTX
Date of measurement nz2.02.2017
Operator Dr. Evgeny Stukan
Remarks
Measuring Heat flow Tempsrsture Temperaiure Tempersture- Sample mean Thermal
MNo. cold sampls warm sample difference tEmperature conductivity
surface surface on sample
(Wil °C) [FC) (K FC) (MK}
1 10.063 -2 71 10.3 2.0 0.02445
2 10.081 48 151 10.3 10.0 0.02452
3 10.338 28 201 10.3 15.0 0.02514
4 10.367 18.8 a0z 10.3 26.0 0.02644
5 12.268 440 552 10.3 50.0 0.0zBE8
Wi k)
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0.030 - -
e
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h
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t
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t ¥ X
¥ on24
0.023
po 30 &0 90 120 150 180 210 240 270 300 330 330 390 420 450 480 51.0 540

Samgple mean ternperature (*C)

Lambda (10°C) = (0.0248 +/-0.0007) Wi{m*K)
Result +/- expanded uncertainty (factor 2}

Weevelozhsk, 13.02.2017

Elastokam Technical Center
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MEASURING THERMAL CONDUCTIFITY
Report No.:
Sample Thickness : 25.85 mm
Specimen Sample 4
Dimension 300mm*300mm*height mm
Comment with heatflowmeter
Test device TCA 30D OTX
Date of measurement 03.02.2017
Operator Dr. Evgeny Stukan
Remarks
Measuring Heat flow Temperature Temperaiure Tempersture- Sample mean Thermal
MNo. cold sample warm sample difference tEmperature conductivity
surface surface on sample
{Vifeni™) FC) [*C) (K} G (eI}
1 E.588 =31 7.2 10.3 20 0.02157
2 E.358 48 152 10.3 10.0 0.0z2z2z0
3 B.0zs 2.8 20z 10.3 15.0 0.0zzve
4 B.567 19.8 anz 10.3 250 0.0zzE8
5 10.782 440 552 10.3 50.0 0.027D08
Wim*K)
0.0z8
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h
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Samgple mean ternperature (*C)

Lambda (10°C) = (0.0223 +/-0.0007) W/{m*K)
Result +/- expanded uncertainty (factor 2)

Weevolozhsk, 13.02.2017

Elastokam Technical Center
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