oo

; FSPI&NITTIPOILPIZVSFU I BOFI$BUBIZTU

4 3FBDWWFL4USPOHI (FIllJOHI"*NJOF 4

5BLBPI46;6,* *
,BUTVNII50,6 . 050" *
TPTHISPIS™, ") "4)* °
)ISPZVLIT, *40" *
3PHFSIWBOL - BT *
+FBII5VDLFS: ©

1 5040)1$PSQPSBUPOI IBTIEFWFIPQFEIBIOPWFIISFBDUWFIBNJOFIDBUBHZTUID3 ; &5 016PSI 1 PIZVSFUIBOFI0160I6PBNI
QSPEVDUWPOIX 1D 11DPOUBJOTIBI S&%" "I NPIFDVIFIXJU 1 1BI SFBDUWWF. TIUFIUPXBSELITPDZBOBUFI 7BSIPVTILIOETI PGIOPOIGVHIUIWFI
BNJOFIDBUBIZTUTIIJODIVEJOH! 3 ; &5 1T XFSFI FWBIVBUFEIJOIGIFYICIFITHBCTUPDLIBTIXFINIBTI ) 31 - PHEFEIGPBNITZTUFNTII*O]
CPUILTZTUFNTI3; &5 IFY 1JCIUFEL 1JH I FSIDBUBIZUWDI BDUIWIUZIBOEI CFUWFSIQ I ZTIDBIGPBNIQSPQFSUIFTIZJODIVEJOHI EVSBCIUZE
QFSEPSNBODFIX LJIFIPXFSIOHU I FI7 OSIFNJTTIPOTIPEIU I FLTZTUFNLD

1 5TIQBQFSIXINIEFTDSICFIUI FIQFSGPSNBODFIPGI5040) LTIOFXIIZI EFWFIPQFEIDBUBIZTUIBOEIBITPIQSPQPTFIBIOF X DBUBIZTUI

QBDLBHFIGPSU I FISFEVDUWPOIPE 7 OS$IVTIOH.OPOLGVHIWWFIDBUBIZTUTE

10 Introduction

1 1PIZVSFUIBOFII1 601 IBTIWBSIPVTIDPNNFSDIBIIVTFT
JODIVEJOHICVUIOPUIINJFEIUPIBVUP N PUWFIJOUFSIPSIQBSUTI
SFTIEFOUIBIIVQ I PITUFSFETVSOIUVSFIBOEICFEEIOHIIT I PFITPIF!
BOEISJHIEITQSBZII8JU1JOIDFSUBIOIBQQIIDBUIPOTLISFEVDIOH]
UIFI7PIBUIFIOSHBOIDI$PNQPVOEII7 O$IIDPOUFOULIO]
16ITZTUFNTIDPOUJOVFTIUPICFIBOIJNQPSUBOUIGBDUPSIIO]
JNQSPWJOHIQSPEVDUIQFSGPSNBODFIBOEIVTFSI TBGFUZIIS 1 FI
DIPIDFIPGI16IDBUBIZTUTIQIBZTIBISPIFLION I FI7 OSLTTVFIOL
0>T

1 5FSUIBSZIBNJOFTL IBWFICFFOIVTFELUPIDBUBIZ [FIVIF]
SFBDUIPOIPGIITPDZBOBUFTIXIU 1T XBUFSIICHPXJOHISFBDUIPOL!
BOEIQPIZPNTIOHFINIOHISFBDUIPOIIIS IFIBNJOFTIDPOUSPIL
UIFISFIBUIWFISFBDUIPOISBUFTIPGIU I FLCHPXJOHIBOEIHFINOH]
SFBDUJPOLEFQFOEJOHIPOLUIFITQFDIGIDIBNJOFIDBUBNZTUI
TUSVDUVSFIPSIPUIFSIGBDUPSTITVD IIBTITUFSIDIBOEL FIFDUSPOJD!
FGGFDUTIIS IFIBCIINUZIPCIBIDBUBHZTUIUPIQSPNPUFITIEF!

SFBDUWPOTLITVD IIBTIBINPQ 1 BOBUFICIVSFUIPSITPDZBOVSBUFLITL

01 /BOZPI3FTFBSD11-BCPSBUPSZ
01 SPTPII&VSPQF#7!
01 SPTPII4QFDIBIZI$ IFNIDBITI64" " */ $L

BITPLINQPSUBOUIBTIV I FTFISFBDWPOTIBGGFDUL I FlpOBIIQ 1 ZTIDBI]
QSPQFSUWFTIPGCIU I FIGPBNTL

1 (FOFSBINIZIISSIFUI ZIFOFEJBNIOFI15&% " [IBOEI#IT!
OEINFUIZIBNJOPFUI ZIDIFURFSII#% - ** &&OIBSFIVTFELGPS]
GIIFYJCIFIQPNZVSFU I BOFIGPBNIUPIBDUWBUFIU I FTHFIJOHIBOE!
CIPXJOHISFBDUIPOIISFTQFDUWFIZII ) PXFWFSIIU I FTFIBSF!
GVHIWWFIDPNQPVOETL XU 1TOPUIDFBCIFIWPIBUIUZLIIU I FSFGPSFL
UIFIDPOUSICVUIPOIPGIUIFTFIDBUBIZTUTIUPI 7 O$IFNITTIPOTL
BOEIBTTPDJBUFEIPEPSITITIHOIPDBOU!

1 *OIPSEFSIUPIPWFSDPNFIUIFIFNJTTIPOTIQSPCIFNIIBIXIEF]
WBSIFUZIPGIOPOIGVHIVWWFIBNJOFTIDPOUBJOJOHI 1 ZESPYZIII
PSISFBDUWFIBNJOPLGVODWPOBIIHSPVQTIBTIBISFBDUJPOITIUF]
XU T1JTPDZBOBUFTI 1BWFICFFOIQSPQPTFEIBOEIFWBIVBUFEL
<0I00>[T*ODPSQPSBUIPOIPGIU T FIBNJOFIJOUPIU I FIQPIZNFS]
OFUXPSLIIBTLT IPXOIINQSPWFNFOULJOIU I FIBSFBTIPGIXPSLFS!
FYQPTVSFIBISIRVBINZIIGPHHIOHIBOEIPEPSIQSPCIFNTIJOI I FI
QIBOUI ) PXFWFSIBI6VINZIBEFRVBUFISFQIBDFNFOUIDBUBIZTU
TZTUFNIIBTIZFU.CFFOPVOE!

1 S1FIDBUBIZUIDIBDWWUZIPGIU I FTFIOPOGVHIWWFIDBUBIZTUTLITE
IIPXFSIU 1 BOIDPOWFOUJPOBIZDBUBIZTUTL" *EEJWPOBIZI I FIGPBNL
QSPQFSWFTIIDVSIOHIGVODUPOIBOEIEVSBCINUZIQFSGPSNBODF
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Table [0 Evaluated Tertiary Amine Catalysts

Abbreviation Chemical Structure

Abbreviation Chemical Structure

N 0330
TEDAIL33 [NJ 5PGO 670
ﬁ\\‘ OH 330
REETA Z$“;//\ DPGO 670
TOYOCATIET /'!l\/\ /\/lll\ 0700
° DPGI] 3001
TOYOCATIRX24 Special Reactive Amine
|
Catalystl A N~
Catalyst]B ,\|l
- \/\/\/\OH

CatalystlC

|H°J\J

NN
HO
CatalystiD /’\ll\/\/N\/\/'\ll\
| H
/N\/\/N\"/NHZ 0750
o) O as Mixtured
CatalystlE | H O H |
/N\/\/N\"/N\/\/N\
(o]
| |
CatalystlF ANog >N~y
Catalystl G ,l\l\/\ /\/;L\/\
- O NH,

X TFOIVUI[JOHIU I FTFIDBUBIZTUTIUFOELUPIXPSTFOIEVFIUPIUL F
IIBDLIPGI HFIIOHIBDUWWIUZT * VOEBNFOUBINZIISFBDUWFIBNJOF]
DBUBIIZTUTIBSFLJODPSQPSBUFENOUPIU I FIQPIZNFSIOFUXPSLIBOEL
IPTFIU I FISCDBUBIZUIDIBDUWIUZE EVSIOHLU I FINBUFSITUBHFTIPGL
UIFIGPBNJOHIQSPDFTTIISZQIDBIISFBDWWFIBNJOFIDBUBIZTUTE
DBOLBITPIXPSLIBTID IBJOIUFSNJOBUPSTIIUNIVTI 1JOEFSIOH]
UIFIHSPXUIIPGIUNFIQPIZNFSITUSVDUVSFIIS HITIDBOISFTVIUIIOL
JOGFSIPSIGPBNIQSPQFSUIFT]

1 4JODFINPTUISFBDUJWFIDBUBNZTUTIBWBINBCIFIUPEBZ]
EFNPOTUSBUFICIPXJOHIPSICBIBODFEIDBUBIZUIDIBDUWIUZT
UIFIOFFEIGPSIBITUSPOHIHFIIOHI SFBDUWFIDBUBIZTUISFNBJIOTE
QSFTFOUIJOIVIFINBSLFUQIBDFII ® PSIVIJTISFBTPOIIBNJIOFI
DBUBNZTUTZU I BUZ IBWF 1IH IZHFIIJOHIBDUWWIUZITINIBSIUPIS &% ']
XWIISFEVDFEIFNJTTIPOTIBSFIBIDPOTITUFOULEFNBOEIGSPNI
UIFINBSLFU

1 1SFWIPVTIZIISPTP 111 BTISFQPSUFEN I FZHFIINOHIQSPQFSUIFTE
BOEIQPUFOUIBILPGISFBDUWFIS &% *ICZIDPNQBSITPOIPCIWBSIPVTI
LJOETIPGISFBDUWFIBNJOFTI<OOIOO>I*UIXBTIQSPWFELU 1 BU
UIFIBEWBOUBHFTIPGISFBDUWFIS &% *TPWFSIPU I FSISFBDUIWF]
BNJOFIDBUBIIZTUTIGPSIqFYJCIFIGPBNIBQQIIDBUPOTIU IBOLTIUP]
JUTIDPNQBSBCHIZI TUSPOHIHFINIOHI BDUWIUZI TINJIBSIUPLU I BUZ PG
5&%""]

4 *OWITIQBQFSIIXFIXINISFWIFXIU 1 FIDBUBIZUIDIQFSGPSNBODF]
JOIQFYICIFIGPBNIX 1JIFIBITPIDPNQBSIOHIJUIUPIDPOWFOUIPOBIN
OPOISFBDUWFIBOEIDPN NFSDIBIlIZIBWBJIBCHFI SFBDUWFIBNJOF]
DBUBNZTUTTS FFITPIVUIPOIXFI IBWFIEFWRIPQFEL XN QSPWIEF]
BIGFBTICHFIBIVFSOBUIWFIUPIU I FIGHFYJCIFIGPBNIJOEVTUSZ]
CZIQSPWJEJOHLUTFIOPWFIISFBDUJWFIHFIIIJOHI DBUBNZTUIU I BU
01150 : 0% 50UTISSBEFNBSLIPG5040)1$03103'5*0/

XIMENFFUITUSIOHFOUL 7 OS$IFNJTTIPOITUBOEBSETI X HIIF!
NBJOUBJOJOHIFYDFIFOUGPBNIRVBINUZ]

200 Experimental

2.10 Tertiary Amine Catalysts

1 S1FIITUIPEIBNJOFIDBUBIZTUTIFWBIVBUFEZIOIU 1 JTIQBQFSIBOE!
UIFJSIBCCSFWIBUPOTIBSFIT1PX010ITable O 115&%"*I-001B!
TUSPOHIHFIIIOHIDBUBIZTUZBOEI50 : O$**5011&5 1Bl TUSPOH!
ClIPXJOHIDBUBIZTUI I BWFIIPOHICFFOITUBOEBSE UFSWBSZIBNJOF!
DBUBIZTUTIGPSIqF YICIFIQPIZVSFU I BOFIGPBNTI

1 3;&5"1DPOUBJOTI 1 ZESPYZNFU1ZII5&%"*1BTIBINBKPS!
SFBDUWFIBNJOFLIOHSFEJFOUBOEIDIINOIPEI% L (IO I FITBNF!
NBOOFSIBTI5&%"*1-00150 - O$"*53900BOEISBUBIZTUTI "
UP1 (1BSFIDPOWFOUJPOBIIOPOIGVHIWWFIUZQFIBNJOF. DBUBIZTUT!
VTFELOIQFYICIFIGPBNIQSPEVDUPO!

2.2[0 Chemical Properties

1 Table 2ITIPXTIUIFIDIFNIDBICQSPQFSWFTIPGI3 ; &5 1BOE!
5&%"'11) ZESPYZNFU1 ZII5&%" T 1 BTIBI 1JH 1 FSICPJOHIQPJOU!
BOE[BIIPXFSIWBQPSIQSFTTVSFIU1BOI5&% "1 *0IBEEJWPOTI!
IBTCHH 10-%00MWBIVFIS I FTFWBIVFTITIPXI3 ; &5 IITITBGFS!
6PSIFOEIQSPEVDUTIBOEIVTFSTIJOIUFSNTI PGP X FSIWPIBUIIIUZL
BOELNIPXFSIUPYIDIZ!

2.30 Formulation and Foam Preparation

1 "IFYJCIFITUBCTUPDLIBOEI NPIEFEIGPBNIGPSNVIBUIPOTE
FWBIVBUFEIJOIULJTITUVEZIBSFITIPXOIJOI Table 31141BOEIS
SFTQFDUWFIZTI5 I FIGPBNJOHIDPOEJWPOTIBSFIHWFOLIOI Table
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Tabled OO Chemical Properties

RZETA TEDA
Amine é\\' 4\‘
compowna | 47 o | A7
aspect white crystal white crystal
Mw 142.2 112.2
mp.O00O0 72 160
bp.O00O0O 281 174
Vapor | 1000 0.076 7.8
Pressure
0 kPall | 1500 1.97 52.1
LDs0 mglkgO J 2,000 1,700

6l

1 SIFIgFYJCIFITIBCTUPDLIGPBNTIXFSFIQSFQBSFEIVTIOHIBOL
BIVNJOVNIPQFOINPIEILOOwW 00w OODNIIPSIXPPEFOIPQFO]
NPIEIDOOW OOw OODNOICZI 1BOEINJYJOHINFUIPETIISIF
DPODFOUSBUJPOLPGIBNJOFIDBUBIZTUI XBTIBEKVTUFEIUPIHIWF]

oo

TINJIBSISITFIUNFTIBUIBQQSPYINBUFIZIDOOITFDPOETIO™ "]
PSIOOOITFDPOETID#I1JOIPSEFSIUPIFWBIVBUFIFBD 11DBUBIZTUL
TZTUFNIPOUIFITBNFIDSIUFSIBI " PSNVIBUPOL " "[BOEI#IXFSF!
BQQWFELUPLFWBIVBUFLUIFIQ I ZTIDBIIQSPQFSUZIBOEIFNJTTIPOL
QFSGPSNBODFIISFTQFDUIWFIZIDS I FINFWFIIPGL 4% O1XBT!
NJOJNJ[FENOIPSEFSIUPLIOWFTUHBUFLU I FLJOqVFODFIPE.BNJOF!
DBUBIZTUTIPOLCPUII7 OS$IFNITTIPOIBOEIGPBNIQFSEPSNBODF!
NPSFIDIFBSIZT]

1~ PIEFEIGPBNTIXFSFIQSFQBSFEIVTIOHIBOIBIVNIOVNI
NPIEIDOOW 00w ODNOIX 1D ITXBTIQSF 1 FBUFE1IOIBOIPWFQ!
QSIPSIUPINPIEJOHIOGSPNIOOE 0" ITOWFSIBINCGPBNIEFOTIZ!
XBTIBEAVTUFEIUPIOOLHONII**IiZD 1 FNJDBIIDPNQPOFOUT!
XFSFIDPOEJUPOFELBUIBIUFNQFSBUVSFIPGIOO 07 [I51F]
DPODFOUSBUJPOIPGIFBD 11DBUBNZTUI XBTIBEKVTUFEIUPIHIWFIBO!
JEFOUIDBITHFINNOHIWNFIBUIBQQSPYINBUFIZIOCITFDPOETIIS I Fl
EFNPIEFEINFIXBTIpYFEBUOINJOVUFT!

Table O Formulations for Flexible Slabstock Foam

A B
O Physical propertyl O Emission]

OHVO mgKOHL gOd pbw pbw
Trilfunctional Polyether Polyol 57 100 100
Water 6228 5 3
Silicone Surfactant O 1 1.15
SDO O varied 0.16
Amine Catalysts varied varied varied

NCO content wt0) 0 Index Index
Isocyanatel] TDI[] TO80C 48 110 110

Tabled O Formulations for HR Molded Foam[ AIlIMDI Formulation[]

Trilfunctional Polyether Polyol
Cell Opener

Water

Diethanolamine

Silicone Surfactant

Amine Catalysts

Isocyanate[] pi MDIO

OHV[O mgKOHT gOJ pbw
34 92.6
35 1.9
6228 3.2
1601 0.65
O 1
varied varied
NCO content wt(l O Index
32 100

TableO O Formulations for HR Molded Foamd TM80 FormulationJ

Trilfunctional Polyether Polyol

Polymer Polyol
Water
Triethanolamine
Silicone Surfactant
Amine Catalysts

OHVO mgKOH[ gOd pbw
34 60
21 40
6228 3
1128 4
] 0.7
varied varied
NCO content wtl [ Index
45 105

Isocyanate[] TDII MDIO 800 200
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Table O Forming Conditions

HR Molded

Stabstock  \\omp1 TMs0
Liquid Temp. ooo 2000 200 250
Mixing speed O rpm0O 3,500 6,000
Mixing Time Osec. 10 5
MoldIJAO AluminumO O cmO 25x 25x 25cm 25x 25x 8cm
MoldIBO Woodend [ cm( 50x 50x 50cm O
Demolded Time 0 min.O O 8min 10min

2.40 Evaluation
0 10 Rise Profiles

1 S1FIFWBIVBUIPOUIPGIU N FISITFIQSPCIFIEVSIOHIGPBNIOHL
IBTICFFOIDPOTIEFSFEIBOIJNQPSUBOUIQBSBNFUFSIGPSIU I FI
EFWFIPQNFOUIPGIQPIZVSFU 1 BOFITZTUFNTIBT.XFINIBTIRVBIJUZ!
DPOUSPHIIGPSIUIFIQSPEVDUIPOIIS I FISITFIQSPGINFTI XFSF]
NFBTVSFEICZIVTJOHIU I FIIPOHISBOHFIIBTFSIEJTQIBDFNFOUL
BQQBSBUVTII-"10000T , & = &/ $&I$PSQIILS I FIQSPpIFIEBUB!
XBTIDPHIFDUFEIFWFSZITFDPOE!

0 20 Foam Physical Properties

1 ""GUFSIOCEBZTIBUIBNCIFOUIDPOEJWPOTIOOOS 000" [BOED
00s 0003)011Q 1 ZTIDBIIGPBNIQSPQFSUFTIITVDIIBTIGPBNI
EFOTIUZI1$-%I0DPNQSFTTIPOINPBEIEFGIFDUJPOIIIBOEIBIS!
GIPXIIXFSFINFBTVSFEIBDDPSEJOHIUPIU I FIGPIIPXIOHIUFTUI
NFUIPEIS$-%1*40100001

0 30 Foam Durability Tests
1 %J66FSFOUITUBUIDIDPNQSFTTJPOITFUIBOEIIPBEIIPTT!
UFTUTIXFSFIQFSCPSNFEIGPSIEVSBCINUZIUFTUIOHII1%SZ]
DPNQSFTTIPOITFUTIXFSFIDPOEVDUFEIXJUITNFUIPEL "]
000" [00NSTIO0OIDPNQSFTTIPODIBOEINFUIPEIZII00" [
OONSTIOOODPNQSFTTIPOIT 8FUIDPNQSFTTIPOITFUTI XFSFI
EFUFSNJOFEBUIDPOEIWPOTIPEION" 1100031000 STIBOEIBY!
OOODPNQSFTTIPO!

0 40 Amine Emission Tests

1 $FSUQVSOIINFUIPE

1 7PIBUNFIFNJTTIPOIGSPNIU I FIGIFYJCIFITUBCTUPDLIGPBNI
TBNQIFTIXBTIEFUFSNJOFELU 1 SPVH ITBIBSHFITDBIFID I BNICFS]
UFTUIVUIN[JOHIU I FSNIBILEFTPSQUIPOT ($IBOBIZTITIHFOFSBINZ]
SFDPHOJ[FEIBTI$FSW1630INFUIPEIOO>I$SFSWNL630UT
BITUBOEBSEIGPSIU I FIFOWIJSPON FOUBII QSPQFSUFTIPGI gFYICIF]
TIBCTUPDLIGPBNTIVTFELJOICFEEJOHIBOEIVQ I PITUFSFE!
6VSOJUVSFIBQQIIDBUIPOTIIS I FIUFTUTI XFSFIQFSGPSNFELIQ!
I PVTFIBOEIOPUICZIBIDFSUJGJFEIIBCPSBUPSZII5XPIGPBN!
TBNQIFTIOOOW 00w JODNOTDVUIPVUIPGU I FIDFOUFSIPEIBIOOW

00w DODNICHPDLIIXFSFIQIBDFEIJOUPIBIOINIIUFTUID IBNCFS]
TUBOEJOHIWFSUIDBIiZIPOIPOFIDOIDNW OOIDNITIEFIICPUIT
TBNQIFTIXFSFIQIBDFELJOIUIFIUFTUID IBNCFSIXUITIDOIDNI
EJTUBODFIIOICFUXFFO!

1 S1FIGPBNITBNQIFTIXFSFIDPOEJIPOFEIGPSIOIEBZTIBUI
00" DO0OI3)IBQQIZIOHIBOIBISIFYD IBOHFISBUFIOIPGIOICE
QFST1PVSIBOETBID IBNCFSIIPBEJOHT-1PGIOI0IN ON IO
BDDPSEBODFIXW 11*4OI0000MINIBOE*40IDI00NION]

1 SIFIFNJTTIPOTIPG 7 O$IXFSFIUSBQQFEIPOISFOBYI5™]
TPSCFOUZUVCFTIBOEITVCTFRVFOUIZIBOBIZ[FEICZINFBOTIPG
UIFSNPIEFTPSQUPOI (! - 41J0IBDDPSEBODFIUPI*400000M!
OI3FTVINTIBSFITFNJRVBOUUBWWFIZIFYQSFTTFEIBTIUPIVFOFL
FRVIWBIFOUTI 57 OS$IWBIVFITIU I FITVNIPGIBIN: DPNQPOFOUT!
XJU1TBIDPODFOUSBUIPOIDOIOXKHIN TBOEI FIVUIOHT XJU 10T
UIFCSFUFOUJPOIUINFIXJOEPXI6SPNIOIN FYBOFIISOIOIUP]
OIIFYBEFDBOFIO$OOOIJODIVTIWFIL ™ IEF IZEFTIDBOICH!
EFUFSNJOFEICZIDPINFDUIPOIPGIUIFITBNQIFEIBISIPOUPLBL
%./ 1) DBSUSJEHFIBOEITVCTFRVFOUIBOBIZTITICZI) 1-$067!
JOIBDDPSEBODFUPI*4O00DOOIN]

1 7% I000INFUIPE

1 7PIBUNIFIFNJTTIPOIGSPNIVIFI) 3UNPIEFEIGPBNIXBT]
EFUFSNJOFEIUISPVH 11BIEZOBNJDI I FBETQBDFIUFTUIVUII[JOH!
UIFSNBIZEFTPSQUPOINFUIPEID7 %" ID00INFUIPEIII 7 %]
0000 1BTICFFOISFDPHOJ[FEIBTIBITUBOEBSE.FNJTTIPOIUFTULIO!

Fig.O O Emission test chamber and foam samples
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UIF] (FSNBOIBVUPNPUWFIIOEVTUSZIUPIFWBIVBUFI FNJTTIPOT!
6SPNLQPIZVSFUIBOFIGPBNIVOEFSIBHHSFTTIWFIDPOEJUIPOTI
<OO>II""ITNBWMI TFDWPOIPGIU I FINBUFSIBIIXBTIQIBDFEIIOTIEF.
PGIBI I FBETQBDFIWIBIIIS I FIWIBIL XBTIBOBIZ[FEICZIVIFI 7O%$!]
(S$r - 411FBETQBDFINFUIPEIX 1D IDXBTL I FBUFEIBUZOO”
6PSIOOINJOVUFTIIS I FIWIBNIXBTIU I FOISFIBOBIZ [FELCZIU I FL
" O (UIFBETQBDFINFUIPEIX 1D IIXBTL IFBUFEIBUICOO" 16PST
UONJOVUFTI

1 7% [000IVUIFTIV I FSNBIIEFTPSQUIPOUFD TOJRVEIX 1D I
SFRVISFTIBITFDPOELDPIEIUSBQII*OIU LTI TWEZILUIFIDPIVNOL
BOEIPWFOIXFSFIDPPIFEIBULIDOIEFHSFFL$ICZINRVIEI$O,,
QSJPSLUPLU I F1JOUSPEVDUWIPOLIOUPIDPIVNOIGPSITFQBSBUIPOIBOE!D
BOBIZTJTIOTUFBEIPGIVTIOHIBIDPIELUSBQ!

30 Results and Discussion

3.10 Flexible slabstock foam
O 10 Reactivity

1 *OIHFOFSBIIIBNJOFIDBUBIZTUTIBSFIVTFEIJOI DPOKVODUIPQ!
XJUT7BIUJOIDPNQPVOEIGPSIGIFYICIFIQPIZFU I FSITIBCTUPDLY
6PBNTI5 I FIBNJOFIDBUBIZTUIVTFELJOIQSPEVDIOHIGIFYICIF!
TIBCTUPDLIGPBNTIQIBZTIBIWFSZIJINQPSUBOUISPIFI CFDBVTF!
JU'BDDFIFSBUFTICPUILVSFUIBOFIBOELVSFBISFBDUJPOTIBOE!
EJSFDUIZIBGGFDUTIU I FIGPBNLQ 1 ZTIDBIIQSPQFSUFTII5 &% *I-001
IBTICFFOIXJEFNZIVTFEIBTIBI TUBOEBSEIBNJOFI DBUBIZTUIGPS!
gFYICHFIQPIZFU I FSITIBCTUPDLIGPBNIT!

1 8BUFSIEPTBHFIXBTI6JYFEIUPIOIQBSUTICZIXFIH 1UIUPL
DPNQBSFIU I FIDBUBIIZUIDI BDUIWIUZIQFSGPSNBODFIBOEIGPBN!
GPSNIBCJIUZIBNPOHLU I FIFWBIVBUFEIDBUBIZTUTI **TIT IPXO1JOL
Fig.2[03; &5"*TFY 1JCJUFEIBOIBINPTUIEFOWDBITGPBNI I FJH U
UPI5&%"*1-00IBWIPVHII3 ; &5 1QSPWEFEISFIBIWRIZIGBTUFS]
JOJUIBIISFBDUIPOII ) PXFWESIIPU I FSI/POIGVHIUWFIBNJOFI
DBUBIIZTUTIFY 1JCIUFEINVD 1I6BTUFSISITFIQSPGMFIBTIT 1P X Ol
JOIFig. 35 I FTFISFTVIUTIIOEIDBUFIUIBUI3 ; &5 IFY 1ICIUTL

30

25 || H,00 5pbw s
= SDOD 0.15pbw /
S 20
|
£ /
S 15
- J
s 10 ——RZETA
2
s // —— TEDAIL33 |_|
0 _\/
0 30 60 90 120 150

Timed min.OJ

Fig.O O Comparison of Rise Profilesi1

30
|

25 | H,00O 5pbw

g SDO 0.15pbw /
[}
£ / —— RZETA
(=2} |
@ 1 // —— CatA
$ 10 — Cat.B i
& / —cCatC
5 / RZETAICatF ||
0 I L
0 30 60 90 120 150

Timed min.O

Fig.O O Comparison of Rise Profilesl2

1JH I FSIHFIINOHIBCINUZIDPNQBSFELUPIPU I FSIOPOIGVHIWWFL
BNJOFIDBUBNZTUT]

0 20 Catalytic activity

1 Fig. 41JTIBIDPNQBSITPOIPGISFRVISFEIDBUBIZTUIEPTBHF!
UPT IBWFIBITINJIBSISFBDUJPOCIUJNFIBNPOHIU I FI FWBIVBUFED
DBUBIZTUTIVOEFSIWBSIBCIFIRVBOUWFTIPEI4%01

1 3;&5"™ISFRVISFEIBCPVUIBTIUXIDFIVIFIEPTBHFIBT!
DPNQBSFEIXIU115&%"*1-00015 I FSFIBSFIDI6BDUPSTIU I B!
DPOUSICVUFCUPIU I FISFEVDFEIDBUBIZUJDIBDUWIUZI PGl 3 ; &5
X1FOIDPNQBSFEIUPI5&% " 1-00I NPIFDVIBSI XFIH 1UT
TUFSJDI 1JOESBODFIIBOEZJODPSQPSBUIPOIJOUPIU T FIQPIZNFS!
NBUSIYIIS I FINPIFDVIBSI XFIH 1UIPGI I ZESPYZNFUI ZII5 &% T
JTIBQQSPYINBUFIZIOOOI IHIFSIUIBOI5&%"*115 I FSFGPSFI!
BEEJUIPOBIINIPBEJOHIJTIOFFEFEIUPT I BWFIBOL FRVIWBIFOU!
BNPVOUIPGIOJUSPHFOI X IFOIDPNQBSFEIUPI5&% " 11*0!
BEEJWPOIIUNIFI IZESPYZNFUI ZITHSPVQIBITPL 1JOEFSTIVIF!
OFBSFTUIOJUSPHFOIHSPVQT5 1T 1 JOESBODFLJTIJODSFBTFEIBTL
UIFI3; &5 1ITIIODPSQPSBUFELJOUPIU I FIQPIZNFST = JOBINZI
U1JTIJODPSQPSBUIPOISFEVDFTIU I FINPCINZIPEI3 ; &5 IO
IBUFSITUBHFTCPGIU I FISFBDUIPO!

1 3;&5" 1DPOUBIOTIHIZDPITIBTIDBSSIFSI*U1ITIIOEIDBUFELU I BU
1ZESPYZNFUIZII5&%" "7 1BTOUN FLTUSPOHFTUIBDUWIUZIBNPOH!
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Fig.O O Comparison of catalytic activity
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OPOIGVHIWWFIBNJOFIDBUBNZTUTIIX I FOIDPNQBSIOHIU I F]
SFRVISFEIBNJOFIFWFILUPT 1 BWFITINJIBSIGPBNJOHISFBDUIWIUZ]

4 *OIBEEJUJPOIITIODFI3 ; &5 IQSPWJEFTIBITUSPOHIHFHIIOH!
BCJIIUZITJUIDBOICFIVTFELIOIDPNCIOBUIPOIXIUIICHPXIOH!
DBUBIZTUIBUIPXI4%OIDPOEJWPOTII " TIT IPXONOIFigure 61
OOOIBEEJWPOIPGISBUBIZTUI ™ I6PSI3 ; &5 IBTISBWPICZIXFIH IV
DBOISFEVDFLUIFIUPUBIDBUBIZTUIEPTBHFICZIOOOIPGIU I FIUPUBIL
EPTBHFBOELTIBINPTUU I FITBNFIBTISBUBIZ TU

TEDAIL33
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W Carrier
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Fig.O O Comparison of catalytic activity of nonJfugitive
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00 30 Foam Physical Properties
1 Table 7ITIPXTIUIFISFBDUJPOIQSPGINFTIBOEIGPBN!
QSPQFSUFTIPGIBIIC XBUFSI CIPXOIGHFYJCHFI TIBCTUPDLIGPBN!
XIUNIEJG6FSFOUIBNJIOFIDBUBIZTUTII**IDPNCIOFEIVTFIPE
3; &5 IXIUII$BUBIZTUI"IQSPWIEFTISFIBUWFIZI CFUUFS]
QIZTIDBIIGPBNIQSPQFSWFTIDPNQBSFEIUPIPU I FSISFBDUJWFL
BNJOFIDBUBIIZTUTIQBSUIDVIBSIZIBISIgPXIBOEIGPBNI 1 BSEOFTTL
1 ""TIGPSIEVSBCIINUZIQFSGPSNBODFII-000&SIFY 1ICIUFE]
UIFICFTUISFTVIVLJOIBINI FWBIVBUFELDBUBIZTUTIIBOE! 3 ; &5*1
TIPXFEIPONZITIVH 1UNIZTIOGFSIPSIQFS6PSNBODFIDPNQBSFE!
XW115&%" " 1-000) PXFWFSTIBIDPNCIOBUPOIVTFIPG3 ; &5
BOEIS$BUBIZTUI " THIWFTICFUUFSIEVSBCIINUZI QFSEPSNBODF!
DPNQBSFEIUPIPU I FSISFBDUWFIBNJOFIDBUBNZTUT]
1 "MITPITIODFIVIITICPSNVIBUPOIITIVTIOHIBITNBIN RVBOUUZ]
P61 4%OIBOELBISFIBUWFIZD 1JH 1T XBUFSIEPTBHFIXBTIBQQIWFEL
UPIFWBIIVBUFIU I F1DBUBNZUIDIQFSCPSNIBODFIPCIBNJOFI DBUBIZTUI
ULTIEJ6CFSFODFICFDPNFTITNBINFSIJOIBDDPSEBODFI XJU LT
UIFIGPSNVIBUJPOID IBOHFIPSIPQUINJ[BUPOII ) PXFWFSIIUIITE
UFOEFODZIJTIVIPVH IVIUPICFITINIIBSIGPSI3 ; &5 1BOEIUT!
DPNCJOBUWPOIXJU1TBICIPXJOH: DBUBNIZTUIUPI QSPWIEFIBI CFUUFS!
EVSBCIIUZIQFSEPSNBODFIBUIBIXJEFSIQSPDFTTISBOHF]

O 40 Amine Emissions

1 Table 8ITIPXTIVIFIBNJOFIFNITTIPOISFTVIUTICZI
&NIJTTIPOISFTUOHID#IIBCUFSIVIFISFSW163OINFUIPED
SFTUIQIFDFTIXFSFIBITPIDPIIFDUFEIBUIU I FIDFOUFSIQBSUIPGIU I F]
GPBNTII**TI6PSI5&%" *1- 000 JUIJOEIDBUFTISFIBUWFIZI 1JH 1 FS]
HFWFNITIPGIBNJOFIFNJTTIPOIVOEFSIBNCJFOUIUFNQFSBUVSFI
DPOEJWPOIIOO™ [6PSIOCNPVSTOL - FBOX 1JIFSFBDUWFIUZQF!
PGCBNJOFIDBUBNZTUTITVD IIBTI3 ; &5 11 $BUBIZTUI"*1BOEI $]
XFSFIOPUIEFUFDUFED

1 Fig. 8ITIPXTIUZQIDBII ($IDISPNBUPHSBNIQBUUFSQ!
PCIVEITIFNJITTIPOIUFTUJOHII#FTIEFTIUFSUIBSZIBNJOFTX
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Compression Setd 0 O
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Fig. 7 0 Effect of Various Amine Catalysts on CS
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Tableld [0 Water Blown Flexible Slabstock, Reactivies and Foam Physical Properties

RZETA RZETA
L330 ET
Catalyst L33 003010 RZETA (OCatF [ CatF CatA CatB Cat.C
004010003010

0 pbwJ 0.45 0.35 0.96 0.62 0.55 0.83 055 0.78

0 mmolO 1.3 1.2 2.3 1.8 1.7 9.3 3.8 3.6
Reaction Profile
O Cream time O sec.O 24 21 22 20 20 21 19 20
O blow off O sec.O0 100 99 99 98 98 100 98 100
0 Settling ooo 0.7 0.6 0.5 0.9 0.7 0.3 1.0 2.4
Physical Properties
O Core Density O kgl m*0 26.0 26.1 26.1 26.2 26.2 26.7 265 265
0 Airflow, Top 0 cm*d ecm?0 s[1I| 199 208 228 241 242 238 232 232
0 CLD, 400 0O kND m?0 4.3 4.2 4.2 4.3 4.2 4.1 3.8 3.8
500 DryicsO A ooog 1.6 1.8 2.3 2.3 2.0 2.8 3.4 2.8
500 Dryocso B# ooo 31 2.7 3.1 2.7 2.7 5.6 7.0 5.9
O WetlCS ooo 5.6 5.4 6.5 5.0 5.2 6.3 10.7 9.5

10 500 compression under 7000 x 22HrJ 200 5000 compression under 5000 x 22Hr at 951 RH

FNJTTIPOIPCITPNFIPU T FSID 1 FNUDBIIDPNQPVOETIFIHIA) 51 FNJTTIPOIPCLGPSNBIEF I ZEFILOOIUI FIPUIFSI 1BOELI5&%"™ (]
DZDIDIPSHBOPTINPYBOFTLPSID HIPSIOBUFEICFO[FOFIXFSF] 3; &5 1BOEISBUBIZTUSFY 1ICIUFELBINPTUIOPIDPOUSICVUIPO!
EFUFSNJOFEL UPIBIEF 1 ZEFIFNJTTIPOT]

1 *OIUIFINFBOWNFISBUBIZTU "I T IPXTIBITIH IUIZI 1H IS

Table O Emission Analysis by CertiPUR® Method”

Catalyst L33 RZETA Cat.A Cat.C
Total VOC*0Op gl m*0 342 199 200 166
Amine®” Op gl m0 234 N.D. N.D. N.D.
HCHO Op gl mO N.D. N.D. 3.8 13
CH:CHO Op gl miD N.D. 11 N.D. 1.6

100 Values are corrected by using the background value

20 Total VOC : Values are cvtd as PhCH3, Major chemicals found in
the method are D5, D6, PhCI2 and BHT.

30 Amine emission values are measured separately from the Total VOC

N.D. : Lower than detection limit

('1\‘\7 @CI

In |
PhCl,
OH
/
o s.—oSi/\/
fonel si o}
N\ - &L 3 T
_S.i SII— Q Si\’
0 jo —Si, . .0
oS 7ho-si® BHT

Fig.O O Typical GC Chromatogram Pattern of CertiPUR UR Analysis
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3.20 Flexible HR-Molded Foam POI8FUI4FUIXBTIJOWFTUIHBUFEIZPOIGVHIWWFIBNJOF!
1 SIFIGPBNIQIZTIDBIIQSPQFSWFTIGPSI* "Il - %*/BOES - 00! DBUBIZTUTIUFOEIUPIQSPWIEF1JOGFSIPSIEVSBCIIZIQFSEPSNBODF!
GPSNVIBUIPOTIBSFITVNNBSI[FEIJOL Table 9IBOEI10 DPNQBSFEIUPI-000&511) PXFWFSIIBNPOHIFWBIVBUFE!
SFTQFDUWFIZI OPOIGVHIWWFIBNJOFLDBUBIZTUTIBIDPNCJOBUPOIPGIU I FIVTF]
P6I3; &5 IBOEIS$BUBIZTUI " IQSPWIEFTISFIBUWFIZICFUUFS]

0 10 Foam Durability Performance EVSBCJINUZIQFSGPSNBODF!

4 S1FLJOqVFODFIPGIWBSIPVTIOPOGVHIWWFIBNJOFIDBUBNZTUT!

Table 9 [0 Reaction profiles and physical properties by Hand mixing( AlllMDIO

RZETA L330 ET Cat.El
Catalyst [ Cat.F 04010 RX24 | CatA | CatB | CatD Ca;. G
040 10
0 pbw(J 1.69 0.62 1.46 1.64 1.33 1.05 1.54
Reactivity O sec.O]
Cream 12 10 13 9 13 14 11
Gel 60 60 61 59 60 59 59
Rise 80 85 82 84 79 75 78
Physical Properties
0 Overall Density O kgl m*O 51.9 51.6 51.9 52.0 51.9 51.7 51.8
O ILD, 250 O kNI m?0 6.6 7.0 6.3 6.3 6.0 6.1 6.1
O ILD, 650 OkNI m?0d| 195 20.8 18.4 18.5 17.0 17.3 17.8
O Core Density Okgl m*O| 45.1 45.8 44.4 45.6 45.1 44.8 45.9
0 CLD, 400 O KNI m?0 6.5 6.9 6.2 6.1 5.9 6.1 6.0
O Hysteresis Loss1 650 0 00O 331 33.0 33.6 331 26.6 318 337
O Tensile strength O kNI m?0 136 126 126 106 119 120 126
0 Elongation ooo 79 76 76 76 76 77 77
O Tear strength OKNI mQd 0.5 0.5 0.5 0.5 0.4 0.5 0.5
0500 DrylCsSOAO ooo 7 6 7 9 7 7 7
0500 DrylCSO BO ooo 9 7 10 12 11 10 13
O WetlCS ooo 14 12 16 18 15 15 17
O HACS ooo 9 6 13 15 13 10 13
Amine Emission
ODO00oOoOooovoC OpglgO| N.D. (4770231 N.D. N.D. N.D. N.D. 020
go0o0Oo0oOoO0OrOG Opglgd N.D. N.D. 32 61 20 240 J 400

Table100 Reaction profiles and physical properties by Hand mixingd TDIJ MDIO 8L 200

RZETA L330 ET
Catalyst 0 Cat.F 07010 Cat.A Cat.B Cat.D
0100 10

O pbw(J 1.58 0.60 1.40 0.86 0.65
Reactivity O sec.O

Cream 11 10 7 11 10

Gel 60 60 60 60 59
Rise 69 75 71 78 76

Physical Properties
O Overall Density Okgl m*O| 515 52.1 51.3 51.3 51.7
0 ILD, 250 OKNIm?0| 76 7.5 6.6 6.9 74
0 ILD, 650 OkNI m?0| 223 21.8 20.1 19.6 20.6
0 Core Density OkgD m®O| 475 48.3 47.7 47.0 47.8
0 CLD, 400 OKNIm*O| 7.3 7.6 6.6 6.8 7.2
O Hysteresis Los¢1 650 0 00O 0O 22 21 23 20 20
O Tensile strength OkNI m?0| 197 180 176 188 196
O Elongation ooo 89 83 85 91 87
O Tear strength OKNI mO 0.7 0.7 0.6 0.6 0.6
0500 DrylCSOAO ooo 5 4 8 6 6
0500 DrylCsO BO ooo 9 6 32 13 12
0 WetlCS ooo 15 15 20 16 15
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O 20 Amine Emissions

1 SIFUFTUIQIFDFTIXFSFITBNQIFEIGSPNLU I FITVS6BDFIQBSUIPG]
UIFIGPBNITI **TI6PSI -000&SIIUIJOEIDBUFTIU N BUL 1IH I FSIIFWRI
PGI6SFFIBNJOFISFNBIOTIOL I FIGPBNUTIFNJWFEIVOEFSI7 O%$!
NFUIPEIDPOEJIPOIDOD™ [6PSIOONJOVUFTIN - FBOX NJIF
39001 $BUBNZTUI* 1411 %I BOEI &L XFSFI OPU: EFUFDUFEL VOEFS!
7OSINFUIPEIICVUIVOEFSI " O (INFUIPEIDPOEJUIPO!
00007 [6PSIOONIOVUFTIBOUFSL 7 O$INFUIPEIT4FDPOEBSZ]
1ZESPYZITHSPVQIINLFI$BUBIZTU%I6PSNTITUSPOHINJOLBHF!
XJUI1ITPDZBOBUF<O>TCVUI I BTCIPXISFBDUWIUZIDPNQBSFE!
UPLQSINBSZI 1 ZESPYZITHSPVQII$BUBIZTUI%L T I PXTL JHIFS!
FNJTTIPOWU 1 BOISBUBIZTU " *[PSI#VOEFSIGPHHIOHINFU I PE!

1 *OIDPOUSBTUIISBUBIZTUI&IFY 1ICIUTIBI 1IH I FSIWPIBUIINUZT
VOEFSI™ O (UNFUIPEII5 LJTIVSFBIDBUBIZTUITFFNTIUPICFIIFTTL
SFBDUWFIXJUITITPDZBOBUF!

40 Conclusions

1 5040)1IBTIEFWFIPQFEIBIOPWFIISFBDUWFIBNJOF
DBUBIZTUIOS ; &5 IIIX 1D ITDPOUBJOTIBIS &% " INPIFDVIIF]
XJUTBISFBDUWFITIUFIUPXBSELITPDZBOBUFI 7BSIPVTILIOETL PG
OPOIVHIWWFIBNJOFIDBUBIZTUTIXFSFIFWBIIVBUFEIJOIGHFYJCHF]
TUBCTUPDLIBTIXFIIBTL ) 3INPIEFEIGPBNITZTUFNTI*OICPULL
TZTUFNTE3; &5 IFY HICIUFET 1JH 1 FSIDBUBIIZUIDIBDUWIUZIBOE!
CFUWFSIQ I ZTIDBIIGPBNIQSPQFSUFTIIJODIVEIJOHIEVSBCIINUZ!
QFS6PSNBODFIIX HIFLIPXFSIOHIUIFI 7 OSIFNITTIPOIPGIU L FL
TZTUFN

1 8FICFIFWFIUIBUI3 ; &5 IXIIDPOUSICVUFIUPLUI FIgFYJCIF.
QPIZVSFUIBOFIGPBNIJOEVTUSZIICFIOHISFDPHOJ[FEIBTIBI
SFBTPOBCIFLD I PIDFIGPSIU I FIFOWISPONFOUBIIZIGSIFOENZIGPBN
TZTUFNTL
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