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Report Title Study halogen-free flame retardant for polyurethane rigid foam

By Miss Numtip Metheethara
Miss Pranee Sangmaneeporn
Advisor Mr. Kriangsak Kriwattanawong
Report for Bachelor Degree of Chemical Engineering,

Department of Chemical Engineering, Faculty of Engineering,

King Mongkut’s Institute of Technology Ladkrabang

Abstract

This project studies about polyurethane rigid foam that use halogen-free flame
retardant such as melamine, aluminium trihydroxide, zinc hydroxy stannate, and zinc
borate. Quantity of each flame retardant is varied by analyzing results from
flammability test UL-94 HB

The results of experiment show that melamine, aluminium trihydroxide and
zinc hydroxy stannate must be used at least 13.46 %, 11.54 %, and 5.77 % of total
substance weight respectively for passing flammability test. And zinc borate in range
of 1-15.38 % can not pass flammability test.

Another part of experiment is using a type of silicone (an additive) with
various flame retardants. The results show that silicone can not improve efficiency of
flame retardants.

Water absorption and compressive strength of polyurethane rigid foam using
halogen-free flame retardant does not differ from the one using halogen flame

retardant.
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R-NHy + COCl, ——>  R-N=C=0 + 2 HCI

laToTalasenuantionls 18un

- laifianimulale Tarlaseuun (diphenylmethane diisocyanate

: MDI)
NH
2y
. HZN@—CI-Iz@NHZ 4,4 -diaminodiphenylmethane
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OCN@_CHZ@N@

- angznan laleTalysuua (hexamethylene diisocyanate :
HDI)

NHz— ( CHZ— ) 6—NH2 + COCl 9 == OCN—(—CHZ—-)'G—NCO
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NO, \@/NOZ ! NO, NO,
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NO5 ’ NO,
i) reduction
1i) COCl,
CHj CHs CHj
OCN\@/NOO b NCO NCO
2,4- : 2,6-
NCO NCO
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2,6- 2,4~ 2,4-
35 : 65 (100%)
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OH OH OH OH




a 4
- WoMBWINGT (polyesters)

sl i

a v Qo ) 1Y o @
wedeammes iy nudunylaasendfisufaiu faduiuiag

@

a d’e a a A a 4 a o Aaaa [ I a
ﬂUﬂﬁWﬂm1Uﬂ1ﬂﬂ§ﬂMW@ﬁgﬂWuLﬂﬂ%1ﬂﬂ151%1ﬂu@%ﬂﬂ1ﬂgﬂ§ﬂ1ﬂﬂqﬂ@®ﬁﬂNﬁﬂﬂuw@

¥
o Y

(excess) vimiinTuanantisuldozeglugag 1000-4000 e lauedaild iy

0
- Cl 0]
HO-C—~~CH,—%-C-0H 0] A\ e PN
0 0 o1
0 e
V S 9 1
uazlasean e 1wy
HOCH2CH20H HOCH2CH2CH20H HOCHzCHz‘O-CHzCHZOH
HOCH,CH4CH,CH,OH HO—CHz—cf'H—OH HO-CH,~CH-CH,OH
CHs OH

OH CH,0H

| l
HO-CH»~CH-CH4~CH,—CH5-OH HOCH»-CH~CH,0H

wudrTwagaiiivylalasiouideslalunsiidfaser (active hydrogen

Ao va & - o q Yo a a
molecules) ﬂumﬂmmﬂmau (electron donating groups) %zwﬁw@mmmﬂﬂwaagsmu

v

Y [ [Y=1
1d59n77 aedl

(0]
(l
RNHz > AI'NHZ >> H20 > HOR > HO—@ > HO-C-R

> NH2—C-NH2 > R—C—NH2 > urethanes

I |
0 0



k4
v v R v A

£ < v :‘ = ' ' o =1 . a o v
cm%zmu’nmﬁ]zllﬂﬂmm"hmnmaﬂ@aaa (‘Hﬁ'ﬂ‘lﬂf’]@ﬁ) AauIINANEISNIN 1A

3

[

13 (drying agent) n3efM1afos (stabilize) N3001992(3 80 1@V (inhibitor) aelal

Y ]
38 1YU

SO,NCO SO,-NH-C~OH SO,NH,
il ~C0,
+ H0 —> 0 —f

9

1ﬁz°ﬁu1fu%zﬁ1‘lngtyzﬁﬂ NCO fatflu R-NH, Feaz ldvhufiseded -NCO Inaild
wenaniagAuNal n13Rs suneRgE Muisdesnsaslseneuduq 5n
fl. A3139 (catalysts)
Ugnsemsaseunedyimu (e lolalesuun) lungamvnssuindes
@udusensdre §aseiienldae azlunAYNN (tertiary amine) v3om135Usznovns
Tavzuaria Tagmwizasdsenevveslanz@yn (Tin) na'lnnmsifiale Ta e wualayld

[

a [~ 4”
el 1T uAeH

// > =
R-NCO + RN = R-N=C-0°O <—> R-N-C=0
I

/y /,
R3N+ R3N+
/
l ROH
/ /
H O-R H---O-R
o a
/4 « '
RN + RN—C=0 < R-N==C—0~
[
RNt

P a ada T a vg & = < A g
6311UﬁﬂﬂQNﬂNﬁQLLWHW%HTQGlWiy‘UH (%G%%Nﬂ'J']illl,"ll\uljﬁ‘ll@Qﬂ?TNLﬂHLUﬁLWNﬂIU)

4‘ a a A A 3 o Yy i 43 d'
1HBINNBNTNAVRIAIALIN (steric) dz¥i1INHAMNIBe T nay (™31 2.3)



ada 1

m3ei 2.3 anwdeshvesesfiuadogiiniideyfismseniaiialelalsonun uazia-

muoaa [9]
 oxiu base strength (pKa)  f21u309128wwus
Trimethylamine 9.9 2.2
Ethyldimethylamine 10.2 1.6
Diethylmethylemine 10.4 1.0
Triethylamine 10.8 0.9
Triethylenediamine 8.2 3.3
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/ MXo
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Ho-- 16,
l &
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I/“ I Il Vi
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LY

meh 2.4 Anwdes hvesdassilfias sugsmunnmialeTolveuua [9]

as11 Srduituti Arudnsun iy

n-fanuea 1 ailay 15y
108 1.0 N 2'Z
N-methylmorphol inz 40 25 10
Triethylamine 86 47 4
Tetramethyl-1,3-butanediamine 260 100 12
Triethylenediamine 1200 380 90
Tributyltin acetete 8000 14000 8000
Dibutvltin diace:zte 600000 _ 100000 120000

v

4. M¥iazae (solvents)
a o d' = 9 =\ % 1 o U =
waagsmuwmﬂn"lﬂmﬂu@ﬂwaanmmﬂﬂm 200°C znunnIsms oy Ing
ad a a o 7 o 1w ~ ' = A
ITMITINANBANDIUV VYA BNLYAI (melt polymerization) m’i1mmuﬁzgsmu'lmﬁﬂﬂsma

a ' { a [ [
RUNYUIINAI 220°C Msarawyegsmuiniainlelalsenuasuneanssed envily

h

- uandandu Tudule Ta lasuauazieanssos

/ /
RNH—ﬁ—O—CHZCHZ—R <—=  RNCO + HO-CH,CH,-R

(6]
- 1§50 ﬂﬁ’;ﬂﬁ]ﬂlﬂu@gﬁuﬂﬁugﬁ ﬂ']gﬂﬂuvlﬂ@@ﬂllcﬁﬁllagiﬂlﬁﬂu
(0]
I
/N
/
RNIl'i O —_— R"NH2 + COZ + R"CH=CH2
i |
H /CH2
C
N eRAVY,
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A @ = a a o 4
- viuandinaediueziiundvgiuazaisueu lasen lud

0
! / /
R-NH-C-0-CHyCHy,R© —————>  RNHCH,~CH,-R" + 00,
1 v 1
vioieguuniigady wyle o lasuaeufadfiseiiufos ] Foesm ¥idoau-
qald iy erwidalaswe lssdumieindalaniua (allophanate) 18
% u’ll 4’! a d' a Aaaa 9 = L2X o a a4 d’ Aa ] o
Ay teranifesmsfind §Asedufes Juinmssunedgs mutigamni ligain

fie Wound1 120°C wazifunnunisifanedmesiuuesazate (solution polymerization)

v o

£ ' A = Y a a o = A
GINVINITLADNAINIALATY ummmﬂtyumiumixmﬂuwaagsmu (M379N 2.5) Msnee

' v
a A A A o o

Tdwedysmunfithwinlunnag iinszdeadenldaahazareficuisoazatenenesinui

Aa é‘ @ v [ A o . , a a o
finn1d daedrugy lawfiadanenlad (dimethylsulfoxide) N- wialwlsalou uazda-

Ty Huduy

d' =) =) =¥ o =) -7 ad =)
MINN 2.5 ansnwavesadiiazatsluniswenme lswduenay lnanoa uaz lamlidammu

la'leTa laouua [9]

Yield, Polymer
Solvent 75 Tinn solubility
Xylene 33 0.06 Precipitates at once
Perchlorocthylene 62 0.12 Precipitates at once
Chlorobenzene 100 0.17 Precipitates at once
Methyl isobutyl ketone 88 0.23 Precipitates at once
sym-Tetrachloroethane 100 0.36 Precipitates slowly
Nitrobenzene 81 0.35 Precipitates after 30 min
Dimecthyl sulfoxide 98 0.69 Soluble
Tetramcthylene sulfone 100 0.76 Soluble
Dimcthyl sulfoxide/methy! isobutyl
ketone, 50/50 100 1.05 Soluble

1. msgaeliifanes (blowing agent)

wodgsmudnii 1l 1dvia Tnlu ﬁaiﬂu%mjmmﬂﬂmﬁa asgelfinawes
Sufluasi@undsiiadelunsiTry TagmsyaeliinaresesiildwedmesiAagngn
(pores) 18 mssae1iAanesfifonld 18un falulasiou wasvenlaeonlad o

iazveunadfisziediy (volatile liquids) Afina1m6298umaz (specific gravity) q99 ugl
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:’ @ & 1 a a d . . .
vmdnTuanad gy WgesSiuaezavidnlelasa15ueu (fluorinated aliphatic

hydrocarbon) (msuﬁ 2.6)

MmN 2.6 autifvesaisiagldinanes [9]

a1592019 1 Hanay Iwmintyiaga a2 awwuiulu (g/cm3) yaifen (9C)

Cyclohexane 84.00 0.774 80.8

Trichloroethylene 131.40 1.466 87 2

1,2 Dichloroethane 98.97 1.245 83.8

1,1,2-Trichlorotri- 187.39 1.565 47.6
fluoroethane

Acetone 58.08 0.785 56.2

a A £

a @ o > s A
msifaneslunisws sunedssimu dnerreainizaisvey lasenledinasn

u

9
=~

Ujiseszningde T lasuuauaziir nie Tasnisiauaisse Iinaresimandgesiiun

o J 4' o d’lo Y a a v v R o 9 A
lalasmsvew ualosnnmsdiiihlfifeuaivnisorneedumn dagiusuindmsvie
YOUNDITLUNYIIBDU) N

E4
mamson THuwedgiiny Yuasunisifane s sxfanouiunisifianedds-

U

b v
a a Y aaa o (Y [
mu (Aemswodme lsadu) ns Asiuvzdeslfifasenisansaunady fedeslinosina
a [ 49[ a 4 . 9 a (23 < a ° Y [
Anegluiliovesnedines (polymer matrix) dnisifanesims ufiuly s ldnisneada

' A Y A A v o WY v a ot
¥4 111110135 fivvzguain’ld ilesnnmanedwelswdudlu 1 datrewe dmesninnu

v o

< =1 a v dy 9 v (K 9 a @ Aa é‘ <1 a < T
naIaReIneNzA N a1l 1314 uad ¥ wedwe lssswiadwsSuau 1y Tusos e

¥
Y a

a v @ =KX a ] aa Aavu Aa
INANITHBIAT VNATITIRDUANAITARUTIAAT (surfactant) 15U TATaU-woRsaRaAUDDA-

4

TadufienTawedmes (silicone-polyalkylene block copolymer) &3t i1l# Inuiades

.ge 4 a P (92 [~ 1
(foam stabilizer) 1lawadiues a3 on 1@de luiudase (weak) we 19w
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2.1.2  Whidlanguazinuuda
n. TWugavgu (flexible foams)
v
msnan IWuganguazlsenoudions s lale Talseuua wedeed uazldii

Fumsseliifanes

. /
n  HO—-R-OH + n OCN-R-NCO

|

/ /

HO—R—O-—{——C—-NH—R-—NH—C—O—R—O—]ﬁq—C‘-NH—R—NCO

I I |
0 0 0

0 0
/ I / “ 7
OCN-R-NCO + Hy0 ——> [HO-C-NH-R-NH-C-OH] ———> NHp-R-NH, + 2 00

0 0
/ / I ;o p

NHo-R-NH, + OCN-R-NCO ———> ~ NH-C-NH-R-NH-C-NH-R ‘"~

Tagazlvinedeedihlgisendyla leTa lssuuafinnifune sunszianaeduns
a 4 B a Sl :’ v o 1 Y KX a :’ [ 1 a oA
Woawes wyeneawe NNt miin luanadineu udwuAn A5 uazmsRNIAIDUS ag
{a [} a Sl
1 ool lawunafidenlsiasonTnudangu de Tngdulale Talweuua nedvedniders
ad o a < (] v ' =
Hluneddmesusenedomnesild daulne Tasszuna 80% yo3 IHugAnguIZIMT oL
ag 4 T L :‘ i Y 1 1 a 4 1
WBDRIMDIINIT1ZNUABMTUANAIA81I1 (hydrolysis) 1@ANI1 uanedemnes INuIznUAD
dazateaiee ldmnnin
< . .
v, TWuuds (rigid foams)
A I~~1 =1 Y a A 1 [ 1 o [
mswaa Iludsimilouiumswaa Iuanguudizunnmeiuns s zdums
Y v . - < 4 ' ' v [ 1
(wounw (degree of cross-linking) Truudsagiims@eusiomnnii Inudavgu uazdulng
) adg o Y a v Y a ] 3
WIATINIINNBABINGS uaviniziAumsyIelifaes wu Waeslsasueunazaas s-

14

arsueu 1y wiay lanaelsé
THuwedgTmulidedniiTuuviag 1Y e Taniwiiina1ufeu (thermal
« . t; J Y % = XK (]

conductivity) A1 NUABAIINIOU (thermal resistance) AN1N 10 % 1 w1 U (vapor

¥ v = - v
permeability) @1 i wiinin nagnaa ldde
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2.1.3  dgmeniugndumsifanedesmy
Ugsnlumsifavediwesgsimuiddall 2 Y§nsen fe Ufnsnseviele o lae-
a{d ~ 1 Aaaa v o .
e uazensdszneudil leasendaillududsenen uazdfaserseninglelalssuuaduii
é aaa 451 o o a T A ~ 9 aan ] o s
Fufludffseriugmdmsunsifanygimuy  uazersiinsanldnndfisengnls dmsy

aaa [ v o Y 12 o
UgRseed1ie Thinaue Tasasdseneunuuueusiledduneadsaunisi 2.1

e @1
K—N=C=0 4+ R'—OH — R——NH— —O—j—R’

1

|

L e
urethane

Aana { o a A a Jd a T
UiTeniiceslddmsumana Twuveswedwesgsimy  Tuniswaa IWuuuydangu
1 o o Y v w a oA A Y ~ g
Tasn1stasensveu laoen laneennieufufunmsifavesmsgSenldunun  Jumeuusn
aaa dy a o A A ] ~ - . =t g x&‘l 1
ﬂlmﬂgﬂsmmﬂumimﬂﬂSﬂmsumﬂﬂumaas (unstable carbamic acid) NuaNAANWBNG
Y o { :
fufueliu uazarsueulasenladaiueaunisi 2.2

0O

|
R—N=C=0 + H,(» — [R——NH——J)—-OH] — R—NH; + CO. (
carbamic acid

!\.)
\V]
~—

eiwzilgnsndulela luenuaiidvasliifeneduugSonldunusl - mwaw-
My 2.3 UgasenTasswiinaue lae

T @
RZNHy 4 R—N=C=0 2% n—tNH—J:—NIHR

________ wd
subst. urea

aunsh 2.4 uaasna lnveemsifasuuas Al¥msnefivesnsanisuinueyls-

Tasanmdaonisuanda lUifugSen1Sunud uozarsveulaeen luddsaunisi 2.5-2.6

0]

|
2R—N=C=0 + H,0 — R——-;\'H——J)—NH—R + CO, 24
(Jj
t R—NH—C
’ ~N~C- (25)
R—N=C=0 + H.0 — [R——NH—(I)—OH B850, N o
/

R—NH—-C

d
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0

|
R—NH—C 0

|
0 — R—NH—¢—N1—1 + CO; (2.6)
RH—G '

Aaaa a zé aan d' a é‘ & a A <
ﬂ{]ﬂ'SFJ"IE]ﬂﬁu\?ﬂ{]ﬂ‘SEJWl@W%Lﬂﬂ"UUGluiJ"I\'i"UfJ‘U!"Uﬂ 18 ﬂ15!ﬂﬂtﬂﬁ@ﬂ]@dl@1uﬂﬂlﬁ)&ﬂiﬂ

¢ a A ™ P} ) P v 7 ~ A
asuNnuanaInieldnuewme i UDZYEE MUTUNITN 2.7

(0] (0]
] N o
[R—NH—C—O0OH] + R—NH, —» [R—NH—C—O0]~ [NH;R]* —

0
2.7
R—NH—(L,l—NH—R + H.0 @7

v v v
UpisoszrieleTalaouuaiui Wulffsefiddalunsudlenuduvesms
a é v . . .
waoy lolalaguuasianilsdu (one-component isocyanate-terminated coating) uan
d’l [ Ao o v ~ v 4 a
1N mﬁdgﬂ‘nmﬂtyﬂu@Nﬂ151%a1uﬁquﬂszﬂaumﬁ'aammmysmum“1umsmmmms
A a a It <] & A Y A = o
ndevi dad TawesMiluvewuds wazmsiyeuaendsznoudrony 1ud le Ta'losuua 1
U a A a a 1Y A o o
nFlumsndndesmsifaresilidesnisinnnasvenlaoen
= aaa <2 a & ' ' dao
ondRATemie szfaduseningle Talaeuun wagnyfenduniilelasinuilsenow
1 d! Yy ° [ a = a aaa o d' dy
G| cm"lﬂnmsmmumﬂuaﬂqﬂmmgﬁmumwu@ amlpasedsoumsi 2.8 4 lag
9
ﬂgﬂsmﬁtﬂummmmww (particular value) lunisurversveslgoon lives isocyanate-

. A A " a < o Py =
terminated prepolymer !W@ﬂﬂgﬂ@ﬁglﬁuaajﬁ L@LN@S%@QQSLVIU—Qﬁﬂ

1 I
R—N=C=0 + R'—NH; = R——NH—C—NH——R’ (2.8)

7 Subst. ures
aaa (Y o aa 7 o a (9 a
Upiservesle lalamuuaiunsanisuendan nesduiiullsunmsiaveuonls-
. . Y 4 { i @ v
lasdnay  (mixed anhydride) eudaemsuandaldnsae g Naeandoanunsdoy

asvenlasenladoonit awaunsd 2.9
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0} 0}

R—N=C=0 4+ R’—COOH — [R—-'\'H—i—()—i—l( 1 —
mixed anhydride

L’ET.‘:‘"P: _—+—I{’ + CO: (2.9)

amide

Y v v [
UDNINI Ugnsemaiionszinsunufivesinnuvesfisomsidonduiuse
(crosslinking reaction) 1@
Aaaa 4' Y s a a 9 a At Jd v AJ
Upfssmsdeuduiusiisssuaifiga wennsldmedesadiniilesuneasa
iflu 3 wieannah MInemveniuszIFoudmveeyF MY (urethane crosslink) TulgAsen

o le Talassuuendin I mudaedne luaunisi 2.10

3

NH
|
(f=()
OH Q QO O
i 2 AN vy ive
3wNCO + HOwwvswOH — wHN—C—0wwwanv()—C—N Hwv
triol (2.10)

#1 elevated temperature ( 100 ’eNﬂ’IL“IfﬁL“]fEJ’dWi’e)ﬂﬂﬂﬂ’n) maﬁamﬁnummﬂu

K
[

m'i‘nfa“w:uﬂsmumzuuauvmngnsfnﬂu"laicn"lcvmmm‘luﬂsmmmﬂ eneduiiusiaum

oalawuun  (allophanate linkage) awaunishn 2.11 Juiwesdady nygiseRT

Upnseiumg lelalaeuuea wielvwaius1aunlugisn (biuret linkage) muaunsdi 2.12

P00
'e o Lo
wNH—C—Ow + wNCO — b —O*«Ww (2. 1 1)
CO—¢\ H w‘~~w
nllophanatc
' ——————— ‘1
ww ] 'H—é——NHw wNCO — vwva\ —CO—N waw (2. 1 2)

biuret
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@ 2 g \ &6 , if AT NSV ]
tj;n%f”iiﬂfféﬂﬂi??3 WS2POHINANAIANTE L
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9 a ' W é’ aaa 4 [ o a

oa lawuuaerafiamsaediiululfsoweeanssed fu'lamesveses Tsuuin

P v aaa Y o A (] T A ‘3
Tolalaguunauaunisi 213 fawti§aserdeeduiuldesredh uafaunsomuiy

Hu 1000 Wi @ Taoms Idduswfasen iy lnsiefiaeiiu

i
P
R—N/ \N—R + R'—07 —» R—NH—C-—N—C—OR’ (2.13)
N l
(o R
I )
O allophanate

o (Ama o a Y, = Y o =
To T lawuunlamesingisanduniu  wlflugsaiiaenndessu awaunisd

[SS]

14

0 o
PR AN + R'—NH; - R—NH——C‘J‘—N—(@—NH~R’ (2.14)
NV I
c R
(]L biuret

aaa 4' 9 s =1 Aaaa é =} a 4 ;:'o 1 a
UpAsnmaenduiussBndfisomils fle msifalaswes mildgnizfang

uruved lo Ty lveuun Ao Ufisandeaunian 2.15

9
¢
.
BwNCD — wewal ;\*rww
O=£ C=0
N

N
§

isocyanurate

(2.15)

45682



2.2 msaumsialvvednumedstmu [1]

2.2.1  nszuaumsening
b4 b4
Mt Tvdives IMumedgs mueszivisanldifiy 5 dunoudsi

& A
o  VHUMDUN 1

P4
A

A aa Yo 9 "o A o q Yt =<
tiie Iluwedgsimu Tdsuanuounnuvassuianieuen wihldlgungligdy
d‘l 4’{ a 4 a V2N a 9 d’d o Y a a ‘d' Y-
5089 iesnn Ilunedgsmulnuantifdunuiuiunrudeuia MIvuSnaffduda
Y Y XA a 42’ v < P 9 U o 3 =
nuAToU lAAT R NgunlgsliueeesIas 1 iiosenarudeuaunsodainu s sus
ogirasliuea Tl Idlinn  Wudtianumuuningesdeudinin it mmuniud
a 9 ° ' ' a [ Y v v
IZUAIN NI OUT UM ADMIBUSIATIINATT aznszateaudeueen & n 9
: LA
O  UVHADUN 2
4’ a a g = ‘:i a [ o Y a a o J
tiegunglives IMunedgimugeieaanisuuands sehlmfamsnindad; 4 Usz-
0 ~ Aa a ' A < v ~ a o
- ldun Aadgnaa W ld fraii liawnsagnaa Iild oymnveds (drwndluwedses)
uae carbonaceous char
a o Iy v @ a 4 a g
miswanfudin [dennsuandiezifeuulasluaweslssnouvemedmes 5o
o a o A 4 - =
ALYUNYN BATININNIUIDRUHNYN Msgan1usou Msmeanudou wavessdszneud
a 4 ad 1 1 -~ 3 .
semeld 9msAmaeidieTiene  18ud  differential thermal analysis, thermo-
. . . . . . Y P~ v
gravimetric-analysis (1o time-of-flight mass spectrometer analysis I@uaaelfisiuga
= = o 9 4 =1 a I 9 P=1 1
nafasunlaufivudntiosvesesiisyneumani gamall tazsnsianudou nadoms
a o Ia Y
WaAf NN [Ao8193N
[+ { a v o d v a
mahgnda W18 Tdun lalasmsven ueanesed sadled nsasunss Jalasiy
o 4 o g a ' o
msveuveuenlad  wazfadliawsogndalWld Udud loih arduenasenlus
o Y a o o Y a a s 4 o I
lelasualad  nenlwivemodieamesezinlifaozdaas los mivouueuen’led
o 4 9 ag J o Y a a Py Jd a2
wozaiiveulavenled  nmenlufveswedtmessevinliifnesdansled oxalay Tns.
= Aa A 4 & a ) Y a a o JAA v 1 '
Wu uozlalwsfiodmes  wlesninwoRoamediildifamsnansasiissas1dussnig
[y J o Y] [ v A @ v o a
TeTasinusuasveusn HAZBATTIUTZNINOBNTRUAUAISVOUGINT Aviinazifanis-
L [ = [ a [ nxj a
voulaeenladguiiufai luauwnsogndavd asduTvunedoames-g3mu(polyester-
urethane foam) defiarmdmu duaznganisia Il lddredusaninn i Tiuweasmes

g3y (polyether-urethane foam) SasdufimInzauszninaivey lalasny was
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ponglauveses lsuuan e lo lagnuuailfiiamananaa 1 TudSnades uazanudou
nldnnmawnndid Seeldaaaniidanudmu Wag
wodleInwedez3alelulasuuna (Polymeric polyaryl isocyanate) fiua Tiufias
o a [ { . [ &
i lifadufifiu carbonaceous residue 1nniIngdula’le Tnlweuuadsszmodiuleld
v =
$w dnfumsldnwedimes nwedesSale To lasuundsslitaaautAnnudmu IWaia
%
o Yumeui 3
a a a a { a Y a 4
inamsgnana Ivesiaignialv1d lasitioendiauvsedieond lad anzuems
Aa J o ' a a '3 [
anda Insufuumasnisyada liaouen gamgil uazesddsznevvesfe
g 4
o UUABUN 4

a gd

anwfouninnisen lnii Idgamagiigeiu fimsaemanudeu Tasnsinudeu
£ Aoy v o g ym ' y y &
WINYU wagnsines suvnedih lninsniemanudoulasnsninnudeuniniy uas
& 1 d' < 9o 9 & a ki @ Ay o Y a ¥
dodwiiluvewdaldfunrwdeufszifansnlduwasvesingfideu valdifanisdom
9y T Ay
ANNIOU IABN1SUHS ITA2E
R
o Uumeui5
anuieutwmuinuinuinantsmn ndlfsdwdeddaly  ildidanisuanda

uazn1sgada inaeq 11l nlad lvilaunsnszaeeen

2.2.2  m38amsaald (Flame retardants)
Q a 9 9 1 .4' s 9 os/’
mstenshn iz 1dlagldnalndie edavnenszuaunamlng luduaey
> P &
Tadunounilaniolunasdunoy
o Q. é’ ~ Q’ll d' ~ ~ Al é o
oA IMININYeIgungil luvunoun 1 cunsoan ldlaemsiAumsiGuussieiian
anufeuiunzgs vioen ldnsndey ierisaanismemanueusinunasniudoume
d' 1 IS £ o &R &L wa 1
wen  mawdsuuasdilsznoumauniives TluszdessiiiadsauifveIvy Wy anw
' 9 & a A Y 9 ' 9 °
iy anwdeudumzindoulidie  nsgannuieulussrinesmsenndaansaiia
a g a a . o 4 o
Tifaduld Taemsiumsdszinn lewsaeiunid (inorganic hydrate) aedosldndaay
a o A o A R oA wa 9 ' o
Tunsdlansdu  wieersldmsiszmdudeinamuifganimdeulussninmsunnga
a381W30 aromatic-based wuh Imsgada W Idenndra1s§man carbohydrate-based
v i H
Tudupouii 2 vesmiswn Indiozdosnenewlfifia char nasiad liaunsagnialn

1¢8 ewildlaonisldwedmeinnedessale lalssuuanieldnedoamesaunniiiezls
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ad J A A, A oA Yy A y =
wenomes wiauswIveslaasendaieIrtySuams 1o Tsundnlo 1o lasuuminn
2
Y
v v '
msdTuilyamsadenisaa i luserdnedunoudn 2 vesnszuiumsenngd Tagiy
1 sz 18 lae1desdaamsda’ll 1dun msdsznouneanesa - arlany  aisdsznew
Tuseu - neud Wwfinldifluasdaanisda liiguiy  ud lidufunsvareniniin eradu
a a ; v o ] { 5 a t <
magiilszdninmdnituasinezeqlugtii nonreactive (UnArzedlugvewds) Iu
vauzhasdszneureaest - mlavuaunsorauduasluglveanas’ld
v
asdszneudeaneimiliiadiuves char wndiu Taassdfisensfianisvou
9
asiszneva lanusrdleiuisl§iseign lovesoyyadase (free-radical)  Tunisuan
o ~ { ) g o a é )
daveswedwes lfuiiangndaluld wenviniu fufaidulalasoustladdels
ansagnaa W aidudsiniensluigniaig
n’;’ ~ Y a 3 a [+3 a 3
Tuduneun 2 wesnszuaumswn udiinnfediuvesigmaimy woAnssuludu
4, 2L o 2 4 = ¢ T P g
apufl 3 ddusgiuduasui 2 weuTuflsunsvemailudadiedaniisvosasifuna el
wilumsildidaief liausognaald Srausaddalsinafaionda gl
<'. v 4' o Y a a v A < a
dindganzildiiangndalwsunsevadimedons iy uussomamazfuas arsgeda
< 1 a d?' o :/l a ] 9 A A a
IWazlifiady  msdudinsfale wu msldmamnden dnaqu viemsifaves char

aunsaaalomanzinanisyada il

E4 [
a S

a :,’ d‘ ddg’ (K ] s [ d‘ Y
woAnssuluduaeui 4 Nusgiudunoud 2 WuReady Wesnnanudounnms
Sld? v O A a g o A [} a 3}:1@ d?l ] a g
w Iufvufumannaay mcvw”lummmqnm‘lw"lﬂmﬂﬂﬁuuﬂzﬂnﬂaﬂmsmmwmqmﬁ-
a < ) P P} P o q Ya ' = '
gilesmsgaauawiou’ld anwdeunzildifansunsvoatarWseanas nisiss
aaa a < ] ]
Upfsswesmsifanisveulugduesnds (vih) wwarsananudeuninmsening uazms
vy ¥ o s 1 's d o Y 9 Y
w sl ldmsueuneuen ladunndeniusulasen lad vlvanuZeusnmsenluiasag
I v v oy aaa Y [Vl YR A
"laiﬂmum"laﬂuwans:wmm;]mﬂmcn“luﬂmsmmnm”lwu wazdauiludiviaions
uazgaduauiould
v 9 )
waallumsnszneeenliidesannisaremanudenlusuasuf 5 voans=uIums
+ v
w il dldRansuandaaznsadalvden 1 msldnmsdnaquviemsifiadunuiu
' Y v
Y03 carbonaceous residue @uNTATUAIWSOUNzA LAY lURuile TuTegdalY s
dsznovlustivezshldinaduianidunuiuszuiaile IusvuSnadnanism v
msaamada Wi 150uTWuwedgSimuTasia 1 ezud o185 2 Uszinnie reactive

1o nonreactive  @3829n13AA IH521A% reactive szlidnswlulfAsentsifaTvuay
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COMPONENTS REQURED FOR TEST HORIZONTAL BURNING TEST - 94HB
4 (ASTM D635, D4804, IEC707, OR ISO1210)
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Paul F. Bruins. Polyurethane Technology. Polytechnic Institute of Brooklyn,.
Interscience Publishers, New York,1969.

Halogen - free fire retardancy : Overview and new approaches (Part D).
www.specialchem.com

Burning issues - choosing the right flame retardant. www.specialchem.com

Flame retardants : some new developments. www.specialchem.com

Fame retardants: trends and new developments. www.specialchem.com

Halogen - free fire retardancy : Overview and new approaches (Part II).
www.special.chem.com

Are your additives in synergy? (When 1 + 1 = 3). www.specialchem.com

When should you consider to use advanced flame retardants like melapur?
www.special.chem.com
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MATERIAL SAFETY DATA SHEET

PRODUCT & COMPANY IDENTIFICATION
(PRODUCT NAME)

MELAMINE
(COMPANY IDENTIFICATE)

SUPPLIER

Name :
Address :
Telephone :
EMERGENCY CONTACT
Please call the telephone number listed above.
MANUFACTURER
Name : Mitsubishi Chemical Corporation
Address : 5-2, Marunouchi 2-chome, Chiyoda-ku, Tokyo 100,
Japan
Telephone : 81-3-3283-5551
Facsimile : 81-3-3283-6678

COMPOSITION/INFORMATION ON INGREDIENTS
Melamine CAS RN : 108-78-1
EINECS : 203-615-4

. HAZARD IDENTIFICATION

No special hazard

FIRST-AID MEASURES

* EYE CONTACT Immediately flush eyes with plenty of water.
* SKIN CONTACT Wash with water and soap.

* INHALATION Remove to fresh air.
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FIRE-FIGHTING MEASURES

* ENTINGUISHING MEDIA : Water, dry chemical

* SPECIFIC HAZARDS WITH REGARD TO FIRE-FIGHTING
MEASURES: None

ACCIDENTAL RELEASE MEASURES

Sweep up and place in suitable container.

Prevent spills from entering sewers or waterway.

HANDLING & STORAGE

Avoid excessive dust formation.
Avoid breathing dust.

Avoid contact with eyes.

EXPOSURE CONTROL/PERSONAL PROTECTION
* OCCUPATIONAL EXPOSURES LIMIT : ACGIH 10 mg/m’
* ENGINEERING MEASURES : No special measures required.
* PERSONAL PROTECTIVE EQUIPMENT :

- RESPIRATORY PROTECTION : Dust respirator.

- EYE AND SKIN PROTECTION : goggles

PHYSICAL & CHEMICAL PROPERTIES

* APPEARIANCE AND ODOR : White crystalline

* DENSITY : 1.57 (14°C)

* VAPOR DENSITY : Not applicable

* EVAPORATION RATE : Not applicable (n-Butyl Acetate=1)
* BOILING POINT :

* MELTING POINT : 345°C

* VAPOR PRESSURE : Not applicable

* SOLUBILITY IN WATER : 0.32¢g/100g (20°C)

* SOLUBILITY IN OTHER SOLVENT :

* FLASH POINT : None



* AUTOIGNITION TEMPERATURE : No information
* FLAMMABLE LIMITS : No information

10. STABILITY & REACTIVITY
* STABILITY & REACTIVITY
Stable, hazardous polymerization will not occur.

* MATERIALS TO AVOID : Strong oxidizing agents, strong bases and

strong acids.
* HAZARDOUS DECOMPOSITION PRODUCTS : Oxides of carbon and

nitrogen on burning.

11. TOXICOLOGICAL INFORMATION
* ACUTE TOXICITY : oral rat LDsy = 3160mg/kg (male), 3850mg/kg

(female)

* SKIN IRRITATION : Mild

* EYE IRRITATION : Mild

* MUTAGENICITY : Negative

* SENSITIZING : Negative

* CHRONIC TOXICITY : cause bladder stone under the extremely high doses

12. ECOLOGICAL INFORMATION
* BIODEGRADABILITY : not degradable
* BIOACCUMULATION : not accumulable
* ECOTOXICITY : guppy 96hr LCsy > 4,400mg/L

13. DISPOSAL CONSIDERATION

Burn in a chemical incinerater equipped with an afterburner and scrubber.

14. TRANSPORT INFORMATION

UN Haz, Class : not dangerous UN Number : none

Not dangerous by any mode of international transport.



15. REGULATORY INFORMATION
LABELLING ACCORDING TO EEC DIRECTIVES : not required

Internations inventory status
Japan (NITI) : Listed (5-1024)
U.S.A. (TSCA) : Listed (CAS 108-78-1)
E.U. (EINECS) : Listed (203-615-4)
Kores : Listed (3-2801)

16. OTHER INFORMATION
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APYRAL® e , Nabaltec

" The flame-retardant filler




Nabaltec

Nabwerk Aluminiumhydroxid Technologie GmbH

All data listed are reference values subject to production-related
tolerances and may be altered without prior notice.
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General ltems

Reports on rhajor fires-involving both personal injury
and property damage often appear as a headline in the
new media. Certain modern building materials don't
meet the up-to-date technical requirements in terms of
flame retardancy and, therefore, mean a potential hazard
for people and technical installations.

In a tunnel situation, poison gases caused by a fire are
a greater threat to human health than the flames
themselves.

The reason for this is the formation of aggressive acidic
vapour due to the exposure of conventional fire
retardants to high temperatures.

With aluminiumhydroxide APYRAL® Nabaltec
Aluminiumhydroxid Technologie GmbH offers the’
solution to many a problem.

This brochure informs on preventive fire protection by
the usage of APYRAL®, the combination of flame
retardant and filler.

General view on the Nabwerk



Principal Considerations on
Flame Retardancy

How can a flammable organic substance be modified
so that it does not contribute to any further spread of
fire?

One method of flame retardancy is the mixture of
substances into the construction materials which, at
elevated temperature, evaporate or transform into gas,
and interfere in the mechanism of the chain reaction
of radicals in the oxidation and burning process.

Various halogenated hydrocarbons are often used for
this purpose in combination with antimony trioxide as
an inorganic filler, which produces volatile antimony
chloride.

ENERGY,

The halogen atoms split off from the molecules as
radicals and suppress the burning process.

By destroying organic radicals, the halogen atomns
interfere with the combustion.

The radicals recombine to larger molecules and
aggregates: soot is formed which does not burn.

Certainly aluminiumhydroxide is one of the environment
protective and most effective flame retardants.

APYRAL®
- the Flame-Retardant Filler
has the following advantages:

B halogen free

B ecologically
acceptable

B non-

hazardous

B significant decrease
of smoke density

B reduction of conse-
quential damages

B inertfiller and flame
retardant all in one

B inexpensive



APYRAL® - the Flame-Retardant Filler

Fire Protection by the Filler

APYRAL®, with the chemical formula Al (OH)y, is inert
in the pH-range 4 to 10. Therefore, APYRAL® is well
suitable as filler for many kinds of synthetic materials.

Due to industrial-scale production APYRAL® is available
in large quantities, inexpensive and the optimal choice
for various applications.

By a high filling ratio of APYRAL® the combustible
organic material is diluted, thus reducing the amount
of organic substance that can decompose under the
influence of a source of ignition.

Protection by Reduced Smoke Density

All over the world damages directly related to burning
are decreasing. Contrary to this damages

caused by toxic smoke and fumes are :
increasing.

APYRAL® significantly reduces smoke density.
In the actual case of a fire that could well

decide on life and death, in a building on fire,
an emergency exit visible for a few minutes

Loss of weight (%)

longer, allows people to save their lives.

- Fire Protection by Phase Transition

At temperatures exceeding approx. 200 °C APYRAL® s
subject to an endothermic phase transition. This process
is almost completed by the time the temperature reaches
400°C.

Endothermic processes consume energy by absorption.
Thus, the temperature of the filled compound is kept
low for a limited time; consequently, further decompo-
sition reactions which would produce flame-promoting
gases are delayed.

During this phase transition APYRAL® separates its
chemically bound water.

The water vapour set free by energy lowers the specific
oxygen content of the atmosphere surrounding the
combustible material. Both effects combined imply a
flame-retardant behaviour for synthetic materials filled
with APYRAL® . This is thev most important moment in
the strategy of fire prevention.

0 0
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20 L 20
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ya\e A lossofweight ] 49
50 50
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%0 %0
100 100

0 100 200 300 400 500 600 700 800 900

Temperature (°C)



APYRAL® - Average Chemical Analysis

Nabaltec offers a wide variety of APYRAL® products APYRAL®1-24 |APYRAL® 40 -120
to cover the different requirements of the plastics
i s Al (OH), 99,7 % 99,4 %
processing industry.
Fe,0, 0,01 % 0,01 %
Sio, 0,03 % 0,01 %
Total Na,0 02 % 05 %

Loss on ignition

[110°C - 1100 °C] 346 %

Crystal phase gibbsite
Density 2,4 g/cm3
pH 9

Grain size distribution of coarse cryst. Apyral

Passing sieve (%)
99

75

I Y O |
P T

50

25

[ |
LT T

Test methods:

Chemical analysis as per ICP/OES,
loss on ignition as per 1SO 806,
density as per ISO 901,

pH as per DIN/ISO 787 T9,
specific surface as per DIN 66132,
sieve analysis as per DIN 6616572,
whiteness as per DIN 53145 T1,
particle size analysis as per laser-
granulometric,

bulk density as per DIN/ISO 903,
moisture acc. to DIN/ISO 787 T2.

1
01 02 0304 06081 2 3 4 6810 20 30 40 60 80100
Grain size (pm)
—Ap1 — Ap 2 — Ap 8 —-Ap16 — Ap22
—-Ap3 —-Ap15 — Ap24
Grain size distribution Apyral 40 to 120
Passing sieve (%)
99_~
754-
504 —

25

oLl

Grain size (pm)

—Ap40 — Ap60 — Ap90

— Ap 120




Types of APYRAL®

Standard-
quality

APYRAL® 1

Mean particle
size
(pm)

40

Specific
surface (BET)
(m%q)

0.1

Bulk density
(kg/m?)

1000

Moisture (%)

0,1

Chemically post-
treated qualities

APYRAL®2

APYRAL®3

APYRAL® 4

Mean particle
size
(um)

22

18

10

Specific
surface (BET)
(m?/q)

0.2

0.3

0.4

Bulk density
(kg/m3)

900

800

600

Moisture (%)

0.2

0.2

0,2

Ground
qualities

APYRAL®

8 APYRAL®15

Mean particle
size

(pm)

Specific
surface (BET)
(m%g)

0.8

Bulk density
(kg/m3)

700

600

Moisture (%)

0.2

02

APYRAL® 1 (enlargement 1000-ply)




Ground, viscosity-
optimized
qualities

APYRAL® 16

APYRAL®24

Mean particle
size
(um)

12

12

Specific
surface (BET)
(m?%q)

16

24

2,2

Bulk density
(kg/md)

800

600

600

Moisture (%)

0.2

0,2

0.2

APYRAL® 40 (enlargement 7500-ply)

Fine crystallized
qualities

APYRAL® 40

APYRAL®60

Mean particle
size
(pm)

15

1,2

Specific
surface (BET)
(m%gq)

Bulk density
(kg/m3)

250

225

Moisture (%)

0.4

04

APYRAL® 120 (enlargement 7500-ply)

Fine crystallized
qualities

APYRAL®90

APYRAL®120

Mean particle
size
(pm)

10

09

Specific
surface (BET)
(m?¥g)

12

Bulk density
(kg/m3)

200

200

Moisture (%)

04

04

9

APYRAL®22




The APYRAL®- Grades

" Due to different production process orproperty profilés’

our APYRAL®- quality-grades can be subdivided into
four groups:

- standard product and chemically post-treated qualities;
- ground qualities;

--ground and viscosity-optimized qualities;

- fine-crystallized quality-grades.

Our standard quality APYRAL® 1 has the highest mean
grain size diameter (approx. 40 pm) of all our APYRAL®-
types. The usually sharp-edged crystallites can easily
be recognized by Scanning Electron Microscopy (SEM).
APYRAL®- quality-grades 2,3 and 4 are produced as
a result of a chemical post-treatment of APYRAL® 1 and
mainly consist of scarcely agglomerated, rounded
particles. In comparison to APYRAL®1 these product-
types have a considerably reduced mean grain size and
thus are free from fines.

APYRAL®8 and 15 (see line 2) are produced by an
additional grinding process of our standard quality;
splint-like particles and a rather dense grain size
distribution are significant properties.

i By application of a special grinding process the ground
qualities (see line 3) are produced, namely the viscosity-
optimized quality-types APYRAL® 16 and 24.

Contrary to APYRAL® 8 and 15 both these quality-types
show very few splint-like particles, but have a
comparatively wider grain size distribution.

By application of a very particular process APYRAL® 22
is produced, offering an extremely wide but at the same
time well-defined grain size distribution. This product-
type is specifically suitable for achieving high packing
densities in the finished parts.

Due to a special precipitation process the APYRAL®-
qualities (see line 4) are fine-crystallized and have a
mean grain size between 0,9 and 1,5 .

S

Specific viscosity

Specific viscosity

Specific viscosity
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General Guidelines for the Application of
APYRAL®

" The basic rule is:- Theifiner the used filler, the smaller
influence on the mechanical parameters by filled poly-
mers! In the fields of application where preforms with
good mechanical properties have to be additionally
equipped with flame retardancy our fine-crystallized
quality-grades APYRAL® 40 and 120 are mainly used,
i. e. in the rigid elastomer- and cable industries.
Furthermore, by application of these products the
surface finish of the preforms can be considerably
improved.

On the other hand the coarse-crystallized quality-grades
have a greater advantage when a high filling ratio and
at the same time low viscosities are aimed at.

Thus, a very important section for application of
APYRAL®2 and 3 is in carpet backings.

Field of Application Application

With regard to the variety of applicatiohs ofour
APYRAL®- quality-grades, the actual level of APYRAL®
used is subject to the degree of flame retardancy
required, coupled with the cost of the mix. Since the
use of the relatively inexpensive APYRAL®- types as
flame-retardant filler in comparison to the more
expensive components in plastics brings about a certain
price reduction, the final costing should be very
advantageous.

Application
The wide variety of our APYRAL®- quality-grades are
listed in the table mentioned below.

APYRAL®

2 23,14 15 16 24 22 40 60 90 120

e}

Latices carpet backing

needle felt

coatings of PUR-foam
rubberized hair

Polyester resins SMC

BMC/DMC

pultrusion

laminates

Epoxy resins casting resins

Acrylic resins composites

Cross-linked conveyor belts

elastomers cables

mouldings

flooring

Polyvinylchlorides flexible PVC

flexible PVC-foam

rigid PVC

rigid PVC-foam

Thermoplastics polypropylene (PP)

polyethylene (PE), copolymeres

ethyl vinyl acetate (EVA)

Aqueous dispersions water-based paint

(paint, etc.) plasters, primers

Polyurethanes flexible PUR-foam

rigid PUR-foam

casting compounds

lacquers

elastomeres

Urea and phenolic resins | chipboard




Methods of Application for
APYRAL®-Quality Grades

APYRAL® in Synthetic Resins

In order to guarantee a satisfactory flame retardancy
in thermosets (unsaturated polyester resins, epoxy
resins etc.) at least 1to 1,5 parts APYRAL® for each part
of resin are recommended. Correct choice of the
APYRAL®-type will control the increase in the specific
viscosity of the resin and filler mix.

Thermosets

the field of UP-resins the usage
APYRAL® 16 and 24 has al-
been well-established. Using
APYRAL®22 even higher
levels can be realized despite the

of
ready

filling
high degree offines. APYRAL® 22 demonstrates
excellent benefits in both SMC and BMC and especially
in the DMC/RTi#-technologies and pultrusion.

In epoxy resins&PYRAL® 2, 3 and 4 are mainly used.

APYRAL® in Payurethane Foams

Since all inorgasic fillers have a negative impact on the
physical propgties of polyurethane foams, the actual
level of APYRH® used is determined by the amount
of decrease inifese characteristics that can be tolerated
in the end prodict. The lowest influence is observed
with rigid polyrethane foams of high density. In order
to reduce theficrease of viscosity APYRAL®2,3 and
APYRAL® 16 z&: recommended.

There are twgnethods of applying fillers in flexible
high resiliencgiR-foams. The first approéch is similar
to the processig of rigid PUR-foams. The filler can be
mixed into ttepalyol before foaming and this mixture
can be workgd

The second sy would be a subsequent impregnation
of the PUR-fam with a latex-APYRAL®-suspension,
Polychloropmae or PUR-latices are typical examples.
At high leveiof filling these impregnated PUR-foams
qualify for the31 (DIN 4102) fire classification.

72

PUR-foams

With regard to the second option, finer APYRAL®-grades
disperse faster and give good impregnation of the foam.
The qualities APYRAL® 15, 16 and 24 are the recom-
mended choice. PUR-foam with very fine porosity may
require APYRAL® 60 .

Cable Coating

APYRAL® in Elastomers

In certain sensitive fields of application such as aviation,
mining and subway tunnels elastomers have to show
a high degree of flame retardancy. This is often coupled
by the need to reduce smoke and toxic combustion
gases. The mechanical properties of the flexible part
will be influenced less when using finer APYRAL® -
grades.

The specific grain size distribution of APYRAL®16 and
24 guarantees good results and recently there has been
steady growth in the use of the fine-crystallized product
types .

APYRAL® is used as a flame-retardant filler for the
manufacture of halogenfree cable sheath and
insulations. All elastomers normally used in cables,

i. e. NBR, EPDM or EVA etc. are highly combustible.
Although halogens decrease the flammability, they also
promote the generation of toxic products.
Fine-crystallized APYRAL®-qualities are recommended
for cable materials since coarser fillers strongly influence
the mechanical properties, e. g. the tensile strength.
APYRAL® 60 has proven satisfactory results.




APYRAL® in Paifité '~

Plastic latex paints based on PVA or acrylics can be
manufactured t0 comply with DIN 4102 B1 classification
without unfavoumb/y influencing the properties of the
paint. In these miXes APYRAL® can operate as filler,
pigment and flame retardant. Blends of APYRAL® 15
arid 60 are commonly used, the ratio of
APYRAL® blend varying between
1:1 and 1:4 depending on the
dispersion. These blends
guarantee a good dispersion

and stable viscosity and prevent

separation of dispersion by
sedimentation.

In order to

satisfy the firg
regulations in
the constructi '

industry, S
especially imgglfc contracting, carpet backings have

to be flame-=##<nt. In this field of application
APYRAL® hagg&-’-i’d to be excellent.

APYRAL® 1 afi#ve recommended for pre-coating;
#30 % based on dry latex can be
gatex foam backing, finer product-types

filler levels
processed.

are necessafcs to avoid a degeneration of the

physical praf€3 of the foam.
APYRAL® 24 16 or even a finer APYRAL®-quality-

grade are she-

For the impregnation of needle felt, the finer grades
can be directly added to the latex suspension.

As with the foam, for this application APYRAL® 2, 8,16

or even finer grades should be used.

APYRAL® in Thermoplastics

Provided that the processing-temperature does not
exceed 200°C, APYRAL® js an effective flame-retardant
filler in thermoplastics.

A 50 - 60 % loading of APYRAL® in PS, PE and PP results
in self-extinguishing ratings by UL-94. Particularly
effective in thermoplastics are the fine-crystallized
grades APYRAL® 40 to 120.

Flexible PVC contains a high proportion of flammable
ingredients such as plasticizers, slip additives and
stabilizers. Since PVC itself is not very combustible, the
flammability of the treated PVC is mainly determined
by the aids applied. Consequently, the type and level
of the APYRAL®-quality-grade to be used depends upon
the recipe, —and once again the fine-crystallized grades
of APYRAL® 40 to 120 are best suited.

APYRAL®2 offers a great advantage in the application

" of PVC-plastisols. If there is an additional request on
the surface quality of the finished products, APYRAL®
4 or 15 show even better results.




Nabwerk Aluminiumhydroxid Technologie GmbH

Aluminium-Hydroxide for the production of : PAPYRAL® as filler and pigment for the paper production
= Aluminium Salts
= Refractory Products

= Glass NABALOX® for the production of:

= Catalysts = Ceramic and Refractory Products

= Cryolite = Catalysts

= Sodium Aluminate = Polishing and Grinding Media

= Sodium Aluminium Silicate (Zeolite) = Fused Alumina

= Pigments = Glass

APYRAL® as flame retardant filler in: Synthetic Sintered Mullite for the production of
= Plastic Components Refractory Products

= Carpet Backings

= Rubber and Cables

= Foam Plastics Ceramic Bodies for the production of Engineering
Ceramics

For further information, please, contact:

Nabaltec GmbH
P. 0. Box 1860 - D-92409 Schwandorf
Telephone (0) 94 31/53-0 - Telefax (0) 94 31/61557

Sales Dept./Fillers
Telephone (0) 94 31/53-464/4 58

Sales Dept./Ceramic Raw Materials
Telephone (0) 94 31/53-457/2 34



SIANUIN A



| ' 7 Smy

COMPANY LIMITED

STORFLAM ZHS

ZINC HYDROXY STANNATE
~ ZNSN(OH)e |

STORFLAM ZS

ZINC STANNATE
ZNSNOH:

Joseph Storey & Co. Litd have been
instrumental in the introduction of these non
toxic flame retardants, which were first
registered in the inventory for New Chemical
Substances in May 1992. The products are
being used in a number of Plastic, Rubber and
Paint applications and they can completely
replace Antimony Trioxide in formulations.
Storflam ZHS / ZS are also capable of
improving smoke performances in both
halogen containing and halogen free systems.

In Halogen Containing polymers, Storflam ZHS is the closest non-
toxic alternative to antimony trioxide with the added benefits of:-

®  Reduced smoke emissions

®  Reduced toxic gas emissions

¢ Production of a clear or translucent polymer systems

In Halogen Free polymers, Storflam ZHS improves the
performance of Alumina Trihydrate/ Magnesium Hydroxide systems
to give:-

®  Reduced smoke emissions

® Reduced toxic gas emission

e Lower filler loading

¢  Better physical properties

®  Higher flame retardant specifications eg. Temperature Index
Storflam ZHS and Storflam ZS are analogous products, and we
would recommend Storflam ZS for higher temperature applications
i.e. for processing above 200°C. Addition levels for both products
are typically in the range of 2% to 7%.




N

"Application areas in which Storf

APPLICATION AREAS

could be of interest are: ‘
S wlive g o el o :i‘,}.{:f

1) Unsaturated Polyesters (Cone

Calorimeter data available)

2) PVC
a) Cables — Low Smoke
b) Plastisols
c) Cellular
3) Halogen Free Cables
a) Vamac G (Ethylene Acrylic)
b) PE/EVA
4) Halogen Free Polypropylene
5) Halogen Free Natural Rubber

6) Polychloroprene

7) Paint

lam ZHS o

MECHANISM

Storflam ZHS / ZS can operategither by a
= vVapour or char phase mechanism depending
on the type and:level of halogen present. In
halogen free systems, the Stannate charring
ability results in a complimentary action to the . -
water release and endothermic = effect o
;. Alumina/Magnesium Hydroxide.

Dehydration .

At 180°C the loss of 3 moles water or 19.1% of -
| its weight occurs. This is accompanied by a
# large absorption of heat.

S 1y
"

.. ZnSﬂ(OH)e — Zn SnO; + 3H,0

Condensed Vapour Phase Action

It would appear that the tin compound ‘
promotes a thermally stable, cross linked char
in preference to volatile and flammable
products. Restriction of the supply of fuel to the
flame occurs with a reduction in smoke and
toxic gas emission.

Residual Char Yields and Extent of
Volatilisation

We have data available for the above Sample | Char(%)| Elemental Primary
applications and would be pleased to provide V°'at';sat'°" sztsis:f
)
further information. »
2phr 38.8 Sn 63.8 Condensed
ZnSn(OH)e Zn24.2 + Vapour

We are also keen to discuss and advise on Br77.6
other possible applications for our products No Additive 19.7 95.9

STORFLAM ZHS STORFLAM ZS .

Composition Composition
Zinc Hydroxystannate Zinc Stannate
ZnSn(OH)s ZnSnOH,
Molecular Weight 286.12 Molecular Weight 232.07

C.A.S.Number 12027-96-2

C.A.S. Number 12036-37-2

Specification Provisional Specification
Appearance Free Flowing White Powder Appearance White powder
Sn Content 41.0% Typical Sn Content 51.0% Typical
Zn Content 22.0% Typical Zn Content 28.0% Typical
Volatile loss 1 hour @ 105°C 1.5% max Volatile loss 1 hour @ 105°C . 1.0% max
Sieve Analysis (200 Mesh) 0.1% max Sieve Analysis (200 Mesh) 0.1% max
Mean Particle Size 1-2 microns Mean Particle Size 1-2 microns
Decomposition Temperature ~200°C Decomposition Temperature >570°C

(To Zn,SnO, + SnO,)

S

& COMPANY LIMITED

Joseph Storey & Co. Ltd, Heron Chemical Works,
Moor Lane Lancaster LA1 1QQ

Telephone: +44(0)1524 63252 Fax: +44(0)1524
381805 www.bannerchemicals.co.uk
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ZINC METABORATE

STORFLAM z8 222

 2ZNO.2B203.3H-0

ZINC BORATE
2ZN0O.3B>03.3.5H50

Joseph Storey’s Storflam ZB grades 223 and
2335 are effective flame retardant additives in
many polymer and rubber applications. In
particular, Storflam ZB shows synergy when
used in the presence of Halogens, Antimony
Trioxide and/or Alumina Trihydrate.

Addition levels range from 2% to 15% depending on the
requirements of each formulation, and this can replace 50% to 70%
of the Antimony Trioxide used in the original formulation. This can
often result in a reduced cost formulation with the added technical
benefits that ZB offers;

®  Smoke Reduction
®  Afterglow Suppression
®  Char Formation

®  Low Toxicity (LDs (rats) > 10g/kg body weight)

Similarly, Storflam ZB can partially replace Alumina Trihydrate in
formulations. As well as the flame retardant properties offered by
the addition of Storflam ZB, the resulting lower filler loadings offer
technical performance benefits.

Our main product grade, is Storflam 223, and this is used in the
majority of polymer and rubber applications. Grade 2335 finds use
where higher temperature stability is required, i.e. above 220°C
because of its ability to retain water of hydration.

éToRFLAM 7B 2335



‘._APPLICATION AREAS

Apphcatlon areas in Wthh Storﬂam ZB.

be pf mteres;c are: - ; S }’
1) Flexible PVC for

a) Wiring compounds

b) Cable compounds

c) Plastlsols e

2) Halogen Free C'ableTCompouhd's
a) Ethylene Vinyl Acetate
b) EPDM |

3) Conveyor Belting -
a) Neoprene/SBR blend
b) Neoprene

4) Nylon

a) Glass Reinforced Nylon 6.6/ Nylon
6 Copolymer

b) Nylon 6.6

c¢) Nylon 6

5) Glass Reinforced Polyester
a) Brominated

b) Chlorinated
c) Halogen-free

6) Epoxy
7) Carpet Backing — PVC and Latex
8) General Rubber

9) Cotton Fabric Treatment

'MECHANISM

The mechanism by which Storiflam ZB
operates is considered to be in both the
condensed and vapour phases as follows:

1) Storflam ZB acts in the condensed phase
by redirecting the decomposition process in
favour of carbon formation rather than CO or .
CO..

2) The additon of Storflam ZB to a

formulation results in the formation of a
surface layer of protective char which
prevents the oxidation of carbon by limiting
the accessible oxygen. :

3) With chlorinated polymers such as PVC,
the addition of Storflam ZB results in an
endothermic (heat absorbing) reaction and
the formation of Zinc Chloride and Zinc
Oxychloride. These products can absorb
free radicals thus reducing the temperature
and flames.

4) Boric Acid is also released as a result of
(3) and it fuses and forms a protective effect.

5) Water Vapour is released from the water
of hydration assisting in helping to reduce
the temperature.

STORFLAM Z2B223 STORFLAM ZB2335

Composttion _ggmggi-ﬂ-og

Zinc Metaborate Zinc Borate

27Zn(B0O,)2.3H,0 27n0.3B,03.3.5H,0
S cation S cation N
Appearance White amorphous powder Appearance White amorphous powder
Volatile loss 1 hour @ 105°C 1.5% max Volatile loss 1 hour @ 105°C 1.5% max

165°C 3.0% max Bulk Density 0.3-0.5 gm/cc

pH on filtrate of 20% aqueous 7.0-8.0 _pH on filtrate of 20% aqueous 7.0-8.0
Sieve Residue 0.2% max Sieve Residue 0.2% max
(200 mesh 75 micron) (200 mesh 75 micron) s
Ignition Loss (950°C) 15.0% max Ignition Loss (950°C) 15.5% max
ZnO content 46.0% min ZnO content 37.0% min
B,0; content 39.0% min B,0Oj3 content 47.0% min

Joseph Storey & Co. Ltd, Heron Chemical Works,
Storey Moor Lane Lancaster LA1 1QQ
& COMPANY LIMITED Telephone: +44(0)1524 63252 Fax: +44(0)1524
381805 www.bannerchemicals.co.uk
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| SPECIALTIES

a Cromplon business

MATERIAL SAFETY DATA SHEET

Product name: Niax silicone L-600
MSDS Number: 910000001620 Revision: 1.3 12/13/2000 Page: 1 of 9

1. PRODUCT AND COMPANY IDENTIFICATION

S
£ S

Product name: Niax silicone L-600
Chemi;é’;il name: Siloxane Polyalkyleneoxide Copolymer
Supplier: Crompton Corporation

One American Lane
Greenwich, CT 06831-2559, USA

Emergency telephone number: CHEMTREC (24 hours) 800-424-9300
Crompton Corporation Emergency Response (24 hours)
800-809-9998 -
Crompton Corporation Emergency Response (24 hours)
304-926-8418

For MSDS, Product Safety, or regulatory Mr. Dana Dalrymple 304-652-8446 / (fax) 304-652-1478
inquiries, call:

Customer Service: 800-523-5862

2. COMPOSITION / INFORMATION ON INGREDIENTS

COMPONENT CAS# CONCENTRATION
Siloxane Polyalkyleneoxide Copolymer Trade secret >45.0 %
Polyalkylene glycol  Trade secret <45.0 %
Polyalkylene oxide : : Trade secret <15.0%

Note(s):  See Section 15 for chemicals appearing on Federal or State Right-To-Know lists.
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3. HAZARDS IDENTIFICATION

APPEARANCE
Physical state Clear liquid
Color Straw colored
Odor Mild

EMERGENCY OVERVIEW

WARNING!

CAUSES EYE IRRITATION.

POTENTIAL HEALTH EFFECTS

Swallowing

Acute effects

Slightly toxic.

May cause the following effects:
- abdominal discomfort

- nausea

- vomiting

Skin absorption
Acute effects
No evidence of harmful effects from available information.

Inhalation

Acute effects
Short-term harmful health effects are not expected from vapor generated at ambient temperature.

Skin contact
Acute effects
No evidence of harmful effects from available information.

Eye contact

Acute effects

Causes irritation.

Causes the following effects:

- stinging

- discomfort

- pain

May cause the following effects:

- excess redness of the conjunctivae
- swelling of the conjunctivae

Medical conditions aggravated by overexposure
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A knowledge of the available toxicology information and of the physical and chemical properties of the material
suggests that overexposure is unlikely to aggravate existing medical conditions.

Other effects of overexposure

Vapor generated at high temperatures may cause:
- eye lTitation

- respiratory tract irritation

- dizziness

- nausea

- inhalation of harmful amounts of material

POTENTIAL ENVIRONMENTAL EFFECTS

All available ecological data have been taken into account for the development of the hazard and precautionary
information contained in this Safety Data Sheet.

4. FIRST AID MEASURES

Swallowing
If patient is fully conscious, give two glasses of water. Induce vomiting. Obtain medical attention.

Skin
Wash skin with soap and water.

Inhalation
No emergency care anticipated.

Eye contact
Immediately flush eyes with water and continue washing for several minutes. Obtain medical attention,

Notes to physician
There is no specific antidote. Treatment of overexposure should be directed at the control of symptoms and the
clinical condition of the patient.

9. FIRE-FIGHTING MEASURES

Flash point: 110°C (230 °F)

Flammable limits

Lower limit: Not available
Upper limit: Not avaiiable

‘Special fire fighting procedures
None.
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Special protective equipment for firefighters
Self-contained breathing apparatus. Protective clothing.

Extinguishing media

Suitable: Large fires:
- alcohol-type foam or universal-type foams
Small fires:

-CO2

- dry chemical
Unsuitable:  None.
Unusual fire and explosion hazards
None known.

6. ACCIDENTAL RELEASE MEASURES

Personal precautions
Wear suitable protective equipment.

Environmental precautions
Prevent runoff.

Methods for cleaning up

Cover with absorbent or contain.
Collect for disposal.

Observe government regulations.

7. HANDLING AND STORAGE

HANDLING

Handling precautions
Avoid contact with eyes. Wash thoroughly after handling.

8. EXPOSURE CONTROLS / PERSONAL PROTECTION

PERSONAL PROTECTION

Respiratory protection
None expected to be needed.
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Hand protection / protective gloves
Recommended order of use:

4H

Butyl

Neoprene

Nitrile (NBR)

PVC-coated

Eye protection
Monogoggles

Other protective equipment

Eye bath
Safety shower

ENGINEERING CONTROLS

Ventilation

General (mechanical) room ventilation is satisfactory for normal handling.
In a foaming operation, the special ventilation required to control isocyanates at safe levels should also be

satisfactory for this product.

EXPOSURE LIMITS

No exposure limits have been established

9. PHYSICAL AND CHEMICAL PROPERTIES

APPEARANCE
Physical state
Color
Odor

OTHER PROPERTIES

Boiling point

Melting point

pH

Specific gravity (H20=1)
Vapor pressure

Vapor density (air=1)

Solubility in water

Clear liquid
Straw colored

Mild

> 150 °C at STP unless specified below.
Copolymer

< 0°C at STP unless specified below.
Not available
1.0306 at 25 °C (1,013 hPa)

< 1.33 hPa (1.00 mmHg) at 20 °C
Heavier than air

Dispersible
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Evaporation rate (Butyl <1
Acetate=1)
Flash point 110 °C (230 °F)
Method: Pensky-Martens closed cup ASTM D 93
Upper explosion limits Not available
Lower explosion limits Not available
Percent volatiles Not determined
Molecular weight Copolymer

10. STABILITY AND REACTIVITY

Stability: Stable.

Stability - Conditions to avoid
None known.

Incompatible materials
Aqueous acids.

Hazardous combustion products

Burning can produce the following combustion products:

Oxides of carbon.

Oxides of silicon.

Carbon monoxide is highly toxic if inhaled; carbon dioxide in sufficient concentrations can act as an asphyxiant.
Acute overexposure to the products of combustion may result in irritation of the respiratory tract.

Hazardous polymerization: Will not occur.

Hazardous polymerization - Conditions to avoid
None known.

11. TOXICOLOGICAL INFORMATION

SIGNIFICANT DATA WITH POSSIBLE RELEVANCE TO HUMAN HEALTH

No information relevant to human health hazard evaluation is currently available.
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12. ECOLOGICAL INFORMATION

All available ecological data have been taken into account for the development of the hazard and precautionary
information contained in this Safety Data Sheet.

13. DISPOSAL CONSIDERATIONS

General: Incinerate in a furnace where permitted under appropriate Federal, State, and local regulations.

14. TRANSPORT INFORMATION

DOT Classification

This product is not regulated by DOT.
Freight description road: OIL, O/T PETROLEUM, LUBRICATING, NOIBN

IMDG Classification

This product is not regulated by IMDG.

ICAO Classification

This product is not regulated by ICAO.

15. REGULATORY INFORMATION

Comprehensive Environmental Response Compensation and Liability Act of 1980 (CERCLA) requires
notification of the National Response Center of release of quantities of hazardous substances equal to or
greater than the reportable quantities (RQ's) in 40CFR302.4.

Components present in this product at a level which could require reporting under the statute are:

% % %k % NONE %* % % %

Superfund Amendments and Reauthorization Act of 1986 (SARA) Title III requires emergency planning
based on Threshold Planning Quantities (TPQ's) and release reporting based on Reportable Quantities (RQ's)
in 40CFR355 (used for SARA 302 and 304).

Components present in this product at a level which could require reporting under the statute are:

%k % %k NONE % ok %k %k

Superfund Amendments and Reauthorization Act of 1986 (SARA) Title III requires submission of annual
reports of release of toxic chemicals that appear in 40CFR372 (for SARA 313). This information must be
included in MSDS's that are copied and distributed for this material.
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Components present in this product at a level which could require reporting under the statute are:
% % %k %k NONE % %k %k %k

Massachusetts Right-To-Know Substance List (MSL)—-Hazardous Substances and Extraordinarily Hazardous
Substances on the MSL must be identified when present in products.

Components present in this product at a level which could require reporting under the statute are:

*kkk NJONE ****

Pennsylvania Right-To-Know Hazardous Substance List--Hazardous Substances and Special Hazardous
Substances on the list must be identified when present in products.
Components present in this product at a level which could require reporting under the statute are:

Chemical name CAS# Max weight %

Polyalkylene glycol Trade secret <45.00

New Jersey Worker and Community Right-To-Know Act (Labeling Requirements)

Chemical name CAS# New Jersey TS Number

Siloxane Polyalkyleneoxide Copolymer Trade secret NJ Reg# 26175-24289A

Polyalkylene oxide Trade secret NJ Reg# 26175-24289B,
; -24289C

Polyalkylene glycol Trade secret NJ Reg# 26175-24289D

EPA Hazard Categories (SARA 311,312):  Immediate Health Hazard

California Proposition 65
This product contains no levels of listed substances, which the State of California has found to cause cancer, birth

defects or other reproductive harm, which would Tequire a warning under the statute.
California SCAQMD Rule 443.1 VOC's

Volatile Organic Components (VOC's) = Substances with vapor pressure of => 0.5 mmHg at 104'C (219.2°F).
This product contains 390 g/liter VOC's.

CHEMICAL INVENTORY

United States: The ingredients of this product are listed on the TSCA inventory or are exempt.

16. OTHER INFORMATION

RECOMMENDED USES AND RESTRICTIONS
Please consult the product and/or application information bulletins for this product.

HMIS RATING

| Health: 1 | Flammability: 1 | Reactivity: 0 | PPL: X
LEGEND
STP Standard temperature and pressure

W/wW Weight/Weight
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0 (HMIS) | Minimal hazard

1 (HMIS) | Slight hazard

2 (HMIS) | Moderate hazard

3 (HMIS) | Serious hazard

4 (HMIS) | Severe hazard

X (HMIS) | Personal protection rating to be supplied by user depending on use conditions

Niax is a registered trademark of OSi Specialties
Copyright 2000 Crompton Corporation

The Opinions expressed herein are those of qualified experts within Crompton Corporation. We believe that the
information contained herein is current as of the date of this Safety Data Sheet. Since the use of this information and
of these opinions and the conditions of use of this product are not within the control of Crompton Corporation, it is
the user's obligation to determine the conditions of safe use of the products.





