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Metal- Metal Synergisms 1in £ .:r - Rerar i,

J.F. Coleman and T. F. Nierann

SUMMARY

We have found a synergistic action between antimc:
and other metal compounds which we belreve can reduce
of StyO, in fire retardant formulations. The nxides of *u-
and salts of lead and tin are of special interest. The azd.:.
(0. 5-5.0 phr) of one or more of these svnergistic e

the required amount of SbgOy now used.

Due to the limited scope of this work, this m:-
was demonstrated only in a formulation sumalar to .-

Abeon. The antimoay trioxide-metal compoin? ~vste:

PVC or chlorinated PE are used as the halogen souroe
ant

should also be effective in other formulations wher:
used with a halogen source.

Stannic oxide 1s an eftectinve tlam rotardar’
gen source. lIron oxide-haiuges ~vyiems a - - 0
Of the other metal oxides and =u '3 =tudiea n 0. o
added SbyO,.

Durability of the flame rovar-an svs'
ture of metal compounds with e ronoare 0 Lo
ity are used together.

When part of the SbyO4 13 ropiace -

heat distortion temperatures and .2ud i .pac!
change from coatrol values. However -~ ‘a
the resin. We did not evaluate the cftevis o cae
physical properties. Nur did we itnve=tiate tre
cle sise, distribution or form ur the etlicie " oy

Rt

3

1 -

;0

BFGO08515




Procedures

Results and

Metal Oxides or Salts with a PV C Ha! Lo
Metal Oxides with Chlorinated PE Ha.ogcen Sour.
Oxygen Index Data . . .. -
Differential Scanning Calonmevn .

Physical Properties of Some Con‘p’)urde" Sy ster -

TABI E OF Cc N

and Methods

Discussion.

Acknowledgements. . ..

Bibliography

R T

PR




CONCLLUSION~

Based on this limted <t 70 oa

mer, we conclude

10.

The levels of antimony tri..xigdc r a0 g,
mulations car be reducec tu lower Twvels by oo 4
levels of metal compounds which are svarrgist:
oxide and with a halogen source

Oxides or salts of titanium, 1ron. .vad ant .2 dare
effective with tow levels of antimunv trioside o om0 -0 -
halogen source.

The antimony trioxade-metal salt systen s are o000
PVC or chlorinated polycthvlene 1z 1seo o~ a ~a. . -

The antimony trioxide-metal salt systems should .-
wherever aatimony trioxide 1s now used with a hal..v: -

Stannic oxide might be used as an antimony trioxide relia
economics demand 1t.

Iron oxide might also be used as an antimony trivaide v
in compositions where color is not important

Combinations of two or more tr.c'al salls Al al toas’
source should impart duramlit. * "~ tlame rorarzane
At the levels tested, oxides or sa "~ L i~ “
zinc, cadmium, 2ZIPCOUNIUIN AL L. stw

effect with low levels ot antinm...ny '~ x:@e a7 &

At the levels tested, oxides of tilanium. ‘rad .5 1
copper, zinc, cadmium, zircunium and cicke 4, e se
not as efficient as antimony trivxide.

Metal containing additives, such «» erino e ) Ca

flammability of polymer blends.

- -



RECOMME>NDA TG

Based on this brief survey., we rec v v

The use of lower le: els of SbgO,y x1th 1w o
compounds such as salts >f Ti. Sr. Fe oan< 220 0
now using SbyOy-halogen source for @ me

Further research should be started to teter: .ne
compound particle size, distribut:on and : rmm
flame retardant synergist.

Additional metal oxades or salts snosld ais
with SbyO, or alune in halugen-containing v 1.1

The use of thermal analyses ! flarme rotaraans
creased to give additional in: rmation o v

The effects of all metal-cuntuin:ing adaitive -,
additives, must be considerc< wnen testing tur ¢

SO0T8602
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INTROD: €T .

The use of antimony oxid. (Shau i e a o
s halogen-containing system s wellxn wr. T
gen and phosphorus with nitrogen 1 a:so0 wkn.w -
The halogen source required for tn < =t tav o
may be present in the polymcr(PVC 0OVCig. v
or aliphatic or aromatic haiide-.

It is generally accepted thar -~ lar.
a halogen source 18 due to the fu tati n
oxychloride. This volatile cnlor:de can
mechanisms of the buraing.

We feel that otheys vilatii =i
flame-rectardant sy.tems 12 they o.on o
metal salt and the halogen scurce. Thio rean
very near the temperature of the @'at - arce
volatile halide forms at tcu + » a2 "»ir.Ceratur.
the higher {lame temperature. [: tne halige :
temperaturcs, 1t Likewise 15 no' avai.asic at '
the metal used should be present 1n 4 form w2icn La
tile halide at or near the burnming "emperature =@ °°

The textile industry has developed a nurmder .t -
flame-resistance 'c textile s, Tiose ine he ot Lo
andahalogensource. -5 and n..v - - 1anin
Titanium, e unc.u‘ anc st )

employed as flame retardants. Ctne: ot

tance to textiles or plastics inclu.c tte

pounds with compound. c.nata:nin, '’

retardant polymers have beern b e

with oxides of metats sucn a- 5 F

QOrganotin polymers hate .- .

Due to the 1ncredsing ¢
oxide, we decided tu investigal:
decrease our antimony trivx:de -

BFG08519



PROCEDURES AND METHODS

We wanted to study these metal-metal synergisms :n
available commercial self-extinguishing formulatica  Tr.
tests we used the following recipe, which 1s similar B

89129 Nat. 022

105EP PVC
Thermolite 31 1.
Tyril SAN
820X17

Stearic Acid 1.
Metal Compounds

25.0 parts
5 parts
45.0 parts
30.0 parts
0 parts
1-8.0 parts

To this basic recipe we added up to 8.0 parts antimony 'riov.d- ars
frem 0.5 to 8.0 parts of other metal compounds both with anc witho it t=.
Sy, . The ingredients were charged as listed and then dry blendea 1n an

Owtar blender for one minute.

The samples were then milled for five mun-

wies ot 320°F and compression molded at 350°F into 2x5x1/8 bars. Thes:
hare were cut iato 1/2 x 5 x 1/8" property bars and used for flammabaility.
haat dlotortion and Isod impact tests.

Matarials
Absoca $9129

K-10

GCeea 105KP
Tyril SAN

ax1?
Tarmelite 3|
Sierie Acid
Colatam Stearate
L.e0d Lourste
Aatimsay Oxide
Tihanss, Subpig-
mentary Grade
Titaaes RANC-!
Tribase
Virfles PR-S

BFGC commercial sel{-extinguishing ABS. Nat. 022
Lot No. 0.0203-}

Commercial chiorinated polyethylene QX 2245. io.
3I6% Q1

BFG commercial PVC, Lot 28 132-¢

Dow Chemica! Co., MX4582.02 Crystal ’,
90312 Blend

BFG ABS toughener, Lot 000024-1"

PVC Stabilizer (S-8)

Eastman Organic Chemicals

Lubricant (L-3)

Lubricant

M & T Chemical Co. (Pigment F- )

Titanium Pigment Corporation {cuurtesy M. Danr.o)
Titanium Pigment Curporatiun
IPLO: PbSO, . powder (M & T Corp rar:
A

Lot EE

Titaaium Pigment Curporation - «r .r
ore courtesy of M. Dannis)

BFG08520

a

3

.
,

) o AN

o




Black Iron Oxide Pigment 104, F.,0,

Red Iron Oxide Pigment 107, Fe,0,

Yellow Iron Oxide Pigment 1322, hydrated F..C,

7.inc Oxide Allied Chemical Cu., Reagenrt virade

Zinc Phosphate Fisher Scientific Co., Puritied

Bismath Trioxide Allicd Chemical Co. ., Reagent Gruade
Aleminum Oxide Fisher Scientific Co. . Reagent Grade

Cupric Oxide Allied Chemical Co., Reagent Grade. Powder
Staantc Oxide Allied Chemical Co.. Reagent Grade, P wder
Staanous Octoate .

(Carstan® Catalyst) - Carlisie Chemical Works, Inc.

Nickel (ous) Oxide Fisher Scientific Co., Reagent Grade
Zircoaium Oxide Fisher Scientific Co., Purified

Cadmiam Oxide Fisher Scientific Co., Certified

Tlammpniiity Tests

The flammability of each sample was determined by applving a pro-
pase torch flame at & 43° aagle to the cross-section area of a horizontall.
saspended 1/2 2 1/8 = 5 molded bar. The head of the torch was held a. a
dstance of abeut | 1/2 inches from the end of the sample. The flame fron:
therefore covered the sample cross-section and the length of the bar for
about | 1/2-2 laches behiad the cross section.

FIGURE 1|

SCHEMATIC DIAGRAM OF FLAMMABILITY TEST APPARATLUS

..
"
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buraed.

selected samplee.

C
2R

The flame was applied for ten seconds and tnen re. +-
i for the sample to extinguish was measured
" it was sllowed tc coolforten secunds, and tne {lame was resany
seconds. This procedure was repeated up to four times or unti’ ‘= -a. .

If the samole 410 o L

We also obtained the Oxygen Ilndex of a number uf the sarmz. 5 Do -
fereatial 8canning Calorimetry (DSC) runs were aiso cbtaines :c

Toa -

RESUL TS AND DISCUSSION

———

- Motal Oxides or Jaits with a PVC Halogen Source

sel-deseriptive.

Astimoay Trioxide

Samples were prepared followingthe basic recipe withfromo. o
parts 8O, . The results of the lammability testing are listed in Table [.
A sumber givea uader "'First Flame," ¢tc., 18 the time 1n seconds required
for that sample to extinguish after the flame is removed. Other terms ar-

.8

The same applies to all the other tables

Sample No. Parts SbhO,

TABLE

{

First Flame

FLAME RETARDANT PROPERTIES OF ANTIMONY TRI™W 1]

W07¢-)
4080-13
4080-14
4080-15

1 68767
4080-16
4080-17
076-8
074-2
Absoa 89129

D000 0O0OCOO0 ¢

W B OCRE S W

Burne

Burns
<i
<!
<}
<|
<}
<
<
<,

:

GPO-USNE PBmaTLS b . B2
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Aatimony trioxide does have 8 measurable eftect n im0 5070
guishiag properties at low levels. Butar:..nd 10 ® par's 17 =
aay loag-term benefits.

-

itasiom Dioxide

TABLE U
FLAME RETARDANT PROPERTIES OF TITANIUM DIOXIDE

Parts Parts Par:s lst 2nd yro
Sample No. Subpig RANC-1 SbyO, Flame Flame Flame

®te-3
®oe-4¢
o014-3
07¢-6
o07¢-7
0748
4088-1
4080-4¢
4000-2
4076-1
076-4
4000-7
4080-9
4000-11
4080-3
4080-6
4080-8
4080-10
4080-12
4076-2
076-5
4076-3

0.0 Burns
Burns
Burns
Burns
Burns
Burns-

1.

8.

2.

2.
<l.
<.
<.

8.
<.
<!
<.

L] “.wu—
1 0000

r NOO RO B
’
1]
L]

' oo!’d.tul o
P O0O000O0 + O

P QOwr O =0

LENRY 3N - 2V BN}
S C o0 C OO0 0

T OO 000000y

" O -0

<,
<,
< i
<. .

SO0 O
O kv w o NN NN - -

-— - -
. .
c ocCcc« <

Although neither type of titanium dioxide apperars ’
flame retardant by itself, both types shuw synergist.:
lavels of SbyO, -




We observed a trend towards increased flammaalit, - -
titania was added. For example, samp = 4074-4 witn 3 varts 7.C, -
the second flame application. Sample 4076-i with | part T.05 ~<tirguis—
afver 8 sec and 40762 with 0. 5 parts TiO, extinguishes after = sec .~ in-
secsad flame application. We obtained the best results in our tlame *es?
whea either 0.5 parts active subpigmentary, or 1.0 parts RANC-] utanii.
dioxide was incorporated into the recipe with 3.0 parts SbeO,.

Lesd falts

We iacorporated lead salts into the basic recipe by replacing "he .
parts Thermolite 31 PVC stabilizer with 3.0 parts Tribase (3PbO PbSO,!
and the 1.0 part stearic acid with 1.0 part of lead laurate. . No cther ieveis
of nad compounds were tested.

The dass in Table III shows that the most efficient lead-antamony ra*:
$0 4 parts lend salts and ¢ parts antimony trioxide. The use of 4.0 part:
lead sas aloae does not efficiently reduce the sample flammabil-ty.

TABLE Il
FLAME RETARDANT PROPERTIES OF LEAD COMPOUNDS

Parts
Parte  Subpig. Parts 2nd
Sample Ne. Lead TiOy StyOy Flame

9%~
-3
-3
-4
-$
-¢
-7
-8

[ X K O S W Y
wN— W~ CO

The combinstion of 4.0 parts lead salts, 3.0 parts 5by0, an
subpigmentary titanium dioxide is also efficient but d.es (. -
imgerovemant over just 0.5 parts subpigmentary titani.
parts aatimoay trioxide (sample 4080-3. Table 1D




i1rea Oxides

We tested three different pigment yrades of iron oxides — biace .ao-
aetic (Pigment 104), red (Pigment 107) and the partially hvdrated vo'° o
("M 1332). S.mplcl 4102 1-3 and 4102 5-7 were compounaed witn.
any Thermelite 31 PVC etabilizer since iron oxide 1s a PVC stabilizer a:
ambient and processing temperatures. 24 And rather than 1.0 par: stearic
oeid, 1.0 part calcium stearate was used for lubrication 1n all the 1run
recipes. Ia Table IV, samples 4102 1-3 show that 3 and 5 parts of :ron
oxide do iakibit burning to some extent. But 4102-4 shows that 3.0 parts
of iroa exide plus the Thermolite 31 stabilizer level normally used g:vv - a

TABLE IV
FLAME RETARDANT PROPERTIES OF IRON OXIDES
Parts Type

Iroa Iroa Parts lst 2nd 3rd 4th
Sample Mo. Osxide Oxide SbhO, Flame Flame Flame Flame

4102-1 1.0 104* Burns -.-

-2 3.0 104° 36. Burns

-3 5.0 104°¢ 28. 24.0 Burns

-4 3.0 104 2. 21.0 319. 5
4104-) 107 23. 1t.s 45.0

-3 107 4. 17.0 40.0

-3 107 2. 9.0 44V
6109-} 1322 2 Burns -
-3 1322 4. 12.0
2
1

-~
Qo

000000 0CO00OO0O0OO

3%,
-3 1322 13. 3
¢102-9 104* 2.
-6 104 3
-7 104* -
-8 104
4104-4¢ 107
-9 107
410%5-4 1322
1 ] 1322

|
2.
3

2. &

&—U—'U\IU:‘PU—\'U'
COCCOO0OCODO0OOO0OOD0DO0COLCO0OO0O

[ T VL L L
COO0O0OO0CO QOO

%36 Thermolite 31 added

21018602
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system that is self-extinguishing in a snorter perivy !t £

data we conclude that the organotin stanilizer 13 alse svreristic

either with the halogen alone or with the 1ron oxide-hal ger ¢ n. .o .
The red iron oxide (107) and yellow iruon oaxide (1322)alsu dei mrmase o

ing rate when Thermolite 31 is present Houwever tne ¢ - -q0 - @ &
oxide with 3.0 parts of SbyO, 1s 8 very eflech\c flame cetardart =vsoe
Samples of these systems (4102 5-8, 4104-4, 3, 410%-3. % arec a’l sc -0
tiaguishing through four flame cycles Slmples 4102 5-7 exiabit this ctie
without the organotin stabiliser, and 4102-8 shows further 1miprs. i

the Thermolite 31 inthe recipe. Alliron-containing samples wers ver, -y
colored. Al the iron oxide-containing samples had increased cnar a--s
camsed by 'blowing'’ of gases through the hot char  Afterygiow vas~ o

oa the longer-burning samples.

lroa- Titanium Oxide

Virflux PR-5 is a ground, naturaliv occarring e~ .
titanium dioxide the ferrotitanate 1s not effective 1n te 73 . -
However, when small amounts of the ferrotitanate and 3 © var's

are added to the basic recipe, the resulting samples ~ave decrease: @
mability. Agaia, as with titamum dioxide, only a 0. 3 var: ! azung - o

TABLE V

FLAME RETARDANT PROPERTIES OF A FERR ~ '

Parts Parts
Sample No. Virflux PR-5 5ShyQ,

«09%-1
-2
-3
-4
-5
-6
-7
-8

& Wy~ O W
OO0 O wOOoOCOCo

saate. - L

BFG08526
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ginc Oxide and Zinc Phosphate
TABLE VI
FLAME RETARDANT PROPERTIES OF ZINC >a_ T3
-y Sample Parts Parts Parts Parts Lst 2nd : -
p-- Ne. ZaO 2aPO, SbyO, FeyOp Flame Fiame Flame : -
411641 1.0 eee .- -~-- Burns .-
-2 30 .-- --- .- Burns
-3 s.0 ---  Burns
-4 1.0 .o 3.0 .e- < 2 43
-5 3.0 .ee 3.0 .- 1 3 3, % -
-6 5.0 a- 3.0 .- <l 3 B.rns
‘lls‘l ssa 1.0 .- .e- Burns - - PR
- -3 i 3.0 - .- Burns .-
-3 --- 5.0 --- --- Burns ---
-4 ec- 1.0 .-- 3.0 12 1 s -
-3 .=e 3.0 cew 3.0 27 6 44
b e-- 5.0 cee 3.0 23 ? 23 .
. 1 .- 1.0 3.0 --- <l <l 43 Bures
’ § co- 2.0 3.0 .- <l ] 2.5 3
Zinc oxide and zinc phosphate alone do not efficientiy cecrease
Oammabdility of the resia system. With 3.0 parts SbyO, added == '
phate systems can pass three flame cycles while the zinc oxite .-
pass saly two flame cycles. A combination of zinc phosphate 4~
oxide aleo decreases the flammability of the system, vutthe .0 -
to estiaguish are rather long.
Aluminum and Copper Oxides
The oxide of bismuth alone decreases the flammahi:ity
oystemn, but the times to extiaguish are long The oxides ot a'.:
eopper do not effectively decresse the resi- flammability atthe lrv o o rm-ro”
With 3.0 parte of 8byO, present. aloag with & 3.0 part leve. i . .
i mmetel oxides, the materials can still be classified a3 se f-c\tr . .
alter four flasme cycles.
e - ress PRETRE N . v s 624/
‘0]
[ °

BFG08527
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Co.eman v -
i 4 RR, 2:i14-7

TABLE VI

PROP OoF MUTH, ALUMINUM
AND QOPPER OXIDES

Sample Parts Puarts Puarts Parts st 2nd 3rd 4th
MNe. MO, AP, CuO SO, Flame Flame Flame Flame

4116-1 3.0 --- 319.5 . . Burns
-2 5.0 25%.0 . Burns
-3 3.0 3.0 3.0 . . 35.0
-4 e Burns
-8 . 60
-$ eoe . <!
LY 4 coa Burns
-8 .o Burns
-9 s <i

TABLE VviIll

FLAME RETARDANT PROPERTIES OF STANNIC OXIDE

Sample Purts Parte Ist 2nd 3rd 4th
Ne. S0, 5,0, Flame Flame Flame Flame

4247-4
-9

-6
4235-4
3 ]

-4
42417
-8

-9

-10
42387
-8

-9

-10
-11
-12

45.
23.
ie.
4.
i.
i.
<l.
<l.
<l.
<l
1.
<l.
1.
1.
«<l.
1.

~
-3
-~
o

~
[~
O g CcCoOOOCOocLC OO COCOQ

[ ]
W NV OOOCOODOO0OO0O0O0CO

COO0OO0OO0O0OO0OO0O0O

| o Baliad A ol K N e

ol s
0000000000000 0O00

.

.

wwNNNMON -
OCO0OO0OO0O0O0O0O0ODOCOOOOOOO
.——-?._.—-—.—.-._-._N’.,‘
N A DO s DO

o weos
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Staasic oxide alone appears to be an efficient flame rerardar: » *-
halogea source at about 4.0 to 6.0 parts. It does not seil-exting:. - a
quickly as does aa equivalent weight of antimony oxide (see Tanie )
over it le more efficient throughmore total flame cycles than art.n. o,

Whea low levels of stannic oxide are combined with low leveis 1 «at. .
triomide & combination of the effects is seen. Sample 4235-8. contain:-,
parts of Sa0, sad 2 parts of ShyQ, is self-extinguishing through four flam«
cyclee ia sader 4 seconds per cycle. This is an improvement over 5 par's
of either oxide aloae (Tables I, VII). The major drawbacks to the use ~f
staasic oxide are an increased smoke emission problem, and the cost
otamnic oxide which is now about competitive with antimony trioxide. H. .-
oves, the use of low levels of tin oxide to impart durability to the flan.. -
retardant preperty canaot be overlooked.

Tia, Titapiemn sad Antimony Oxides

TABLE IX

FLAME RETARDANT PROPERTIES OF TIN WITH TITANIUM
AND ANTIMONY OXIDES

Parts .
Somgle Parts RANC-1 Parts 18t 2nd ird 4th
L a0y TIOy StyO, Flame Flame Flame Flame

Burns
26
22
22

7

2
il
15
<

2
<
<]
<l

-2
-3
-4
-8
-4
-7
-
2e-1
-2
3
-4
oaer-10

NN =GP BB NN~
©00ww00000000

P e OO =0 =00 =0
1 OO VMO VOWMWO VWO Ww

The uoe of titanium dioxide with tin diox: ‘e dues not apnea: *
the system mmuch more efficient. In fact, when titanium dioside .-
an offictont stannic oxide system. it decreases the efficiency .t o’

ADD-%099 e TP w ws A




TABLE X

FLAME RETARDANT PROPERTIES OF STANNOUS OCTOATE

Parts Parts st 2nd 3rd 4
Sample No. Sa Octoate  SbeO, Flame Flame Flame Flame

42%-1 . 45. Burns
-2 . 43. 67.0
-3 S1. 52.0
-4 . . 84.0
-3 . . 14.0

Staascus octoate is less effective than stannic oxide either alone ur
with astimoay trioxide. It is of interest because it is an organometaliic
(fhe the Thermolite 31) rather than a metal oxide. Stannous octoate appears
to b w0 volatile since its effectiveness decreases rapidly with the increas-
lag asmber of flame cycles. A less volatile organotin compound mignt be
mese eflective.

w g Zircoaium Oxides

TABLE XI
PLAME RETARDANT PROPERTIES OF CADMIUM AND ZIRCONIUM OXIDES

Parts Parts Parts 1ot 2nd 3rd
Sample No. Cdo ZrOy  SbyO, Flame Flame Flame

4251-1 - Burns
-3 Burns
-3 Burns
-4 1 40 ...
$ 1.0 Burns
-6 32 36
4293-1 Burns c.e
-2 Burns
) Burns
-4 1.0 .-
-9 1.0 Burns
-$ 1.0 Bdurns

BFGO8530



Cadmium and zirconium oxides alone are not etteciivs ~lanm: - .-
dast symerzgists in this halogen-containing system. When c.~hined . -
levels of 8bO,, there is some positive eifcct seen it 'mr tian -
these samples is still too high.

kel Oxide

Although nickel oxide alone is not an efficient tiame retartar’ aoe-
it does add some durability to a system with low levels «f Sp,0, T-v -
iag times are rather long after the second flame cycle. However :he sa
ples coataiaing nickel oxide did "blow  to formhigher volumes fluss-rr.
char.

TABLE XiI

FLAME RETARDANT PROPERTIES OF NICKEL OXIDE

Parts Parts 1ot 2nd 3rd 4tn
Sample No. NIO  ShO, Flame Flame Flame Flam.

429%3-1 53.0
-2 63.0
-3 .0
-4 .0
-5
-6

m_v_tt_h_glorinnod PE Halogen Source

Te further demoanstrate the utility of two of these metal-mier
gist systems, we prepared a polymer blend containing chlorinat: -
lyeae {K-10, 36% chlorine) with a total halogen conatent i i4 47 C.

Recipe: K-10 40.0 parts
Thermolite 31 1.5 party
SAN 36.0 parts
30X17 24.0 parts
Stearic Acid 1.0 parts.

Preperty bars were prepared and tested for flammability .n "
dasd way. The results in Table XIII show that tre titanium di ~ide -
tetexide aad iroa oxide-antimony trivxide synergistic Syster s a7
i reduciag the flammability of this pulymer biend.

STOIS602
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TABLE Xli

EFFECT OF SYNERGISTIC SYSTEMS
USING CHLORINATED POLYETHYLENE

Parts
Parts RANC-1 Parts 2nd ird 4tr,
TiO, FegOp Flame Flame Flar.

.- 2.0
.- . Burns
3 6.0

). or Limiting Oxygea Conceatration {LOC) 13
svailadle tebt method for rating the Nammability of plastics
Glapgea Index is tha per caat oxygen in 8 Ng/Oy mixture required to rust
) geenbustion of a pelymer sample uader the test conditions. Correla-
otth Nammmability under actual use conditions has not been established.
2008 tast Lo descrided elaowhere. !: 23 We have obtained the oxygen index
for e which we folt wara the best self-extinguishing materials that
- This duta was obtained on a GE Oxyger: Irdex Flammabality
@age fa eur ladoratory.

A esmperisen of the Oxygen [ndex data and the data from the propar
toech ¢t shows s major dilference in the results obtained by differen »o o
methibdd. The lower buraing temperatures in the candle-like ov .o -

Safan toet eahance the effectiveness of iron oxadesas:lame retardar .

& hossnse the iron oxide-halogen system 13 effective at vwrr temi. ra

an B0y« o7 BaOy-halogen systemns. Likewise, the SnOy svstenis & -

s mere Nammable in this less severe test since a Nigher tempera: . -

soguisedte officiantly generate the SaCl than the FeCly; The more sc.--

m‘ ook tast raverses this order. Thermal analysew suppor o
test methods.

Aifiacestip] Scanaing Calorimetry (DSC)

DB8Cdsts were obtained for samples of PVC, ABS/PVC toer -
ABB/PY C blead coataining 1) 3 parts SbgO,, 2) 3 parts Sby(y o :

6TOTS602
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TABLE X1V

OXYGEN INDEX (no.) OF EXPERIMENTAL SAMPILES

Parts Other Parts
Sample No. 80,0, Additive(s) Other(s) nQ,i#0. 5)

4123-1
-2
-3
-4
-9
-6
-7
-8
-9
-10
-1l
-12
-13
-l4
-1
-16
-17

27.
e .
--- 23.
27.
24.
24.
24
24.
24.
30.
29.
3.
31.
31
23.
24.
25.

Subpig TiO,

RANC-1 TiO,

Vieflux PR-5
»

~
OOPOOOOOOOU‘O\F'

OO NGO IE®~NNOO O I

NWwOULWWWwWwaEdoL—~O0

14
0
3
s
3
3
3
4
3
0
o
3
3
3
0
1
r4

t Abosa 09109
%As 3.0 parts Tribase and | part lead laurate
#%e Thermolits 3] added

3) 3pasts a0y, 4) I parts Sa0, and | part TiO,y, and 5} 3 parts Fe, O,
® peelimiapry russ show that the SbyO,, Sn0y and Fe Oy containing s5s-
i euhibit difforent reactioa pathways during decomposition. The indica-
see that Fad, promotes earlier PVC decomposition than SOy, or
. The sdditien of TIOy appears to retardthe action of SbyO, making 'n:s
more effective at the burning temperature. The TiOg also appears
5 0etard Ne resstion of 880, with HCl from the PVC making this comoina-
tion leos effoative uatil higher temperatures are achieved. This data heips
asplsla wby irea exide systems have a higher Oxy,en Index (Tabie X1V,
Bo ByO, or Ba0, systems ia this thermally less severe candle type tcs’
% ctpladas the low Oxygea Index {or the $n0, aad SnOy-TiC, sampies
oinss these weuld ast become synergistically active until hig tempera’ .. -

N
-

3 -

unED @ v s
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aze obtained. Further work should be done with DSC, TGA and DTA as com-
plimsata ry test methods for understanding flame retardant mechanisms

s of e Co unded Systems

The culy properties, other than flammability, that we tested were the
hont distartion tomperature (264 pei, unannealed) and notched Izod impact
o roomn tediperature. These are listed in Table XV for several of the sys-
tame. The TaMle is incomplets since not all systems were tested. However
1 dooe show that Biese properties are not detrimentally effected when low
lovels of metal salts are added to the basic recipe.

TABLE XV
BPFECT OF ADDITIVES ON PHYSICAL PROPLATIES OF POLYMER BLEND

Parts HDT, °C Izod Impact
Other(s) (264 poi) Ft-1bs/in notch

0000000 OO0OWBLO::

T4-78° 2-2.2
75.5
80.0
76.5%
77.0
74.0
76.0
74.0
75.0
75.0
76.0

POyt
Feg,

Felly

Fagl, (#104)
oo, (#104)

PagOy (#1322)
4300-8 %0 FoOy ($#1322)

‘A_-m aad lead lasrate
*Witheet Thermelits 31

whsvnLwwewd
O~~~ NILONO

1.
]

4

4

3.
3.
3.
3.
3.
3.
3.

John F. Coleman

£

T.F. Niemann
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