
POLIMERY 2003, 48, nr 6 439

M OHAM ED ALI NOUR
N ation al Institute for Standards (N IS) 
Tersa Street, E l-A h ra m , E l-G iza,
P.O. Box: 136 G iza , C o d e  N o . 12211 
E gypt
e-m ail: m  a n ou r@ h otm ail.com

Metal complexes of poly(iminoethylene) modified with 
dithiocarbamate and poly(iminoethylene) compounded with 
montmorillonite as — flame retardant systems for polypropylene

S u m m a r y  —  This stu d y  is focused on  the assessm ent o f m etal com p lexes of 
poly(im in oeth ylen e) m o d ified  by dithiocarbam ate c o m p o u n d ed  w ith  m o n t­
m orillonite and poly(im in oeth ylen e) interchelated w ith m on tm orillon ite  as 
flam e retardant m aterials for po lyp rop ylen e. The assessm en t process is based  
on a com parative stu d y  o f the results obtained u sin g  cone calorim eter at 35  
k W / m 2 and therm ogravim etric analysis (T G A ). The com parative stu d y  re­
vealed  that the fire perform ance index (FPI) increased in the order: P O Z 8  >  
P O Z 2  > P O Z 3  >  P O Z1 >  P O Z 4  as it is abbreviated in the text. G o o d  agreem ent 
w ith  these results w as obtained from  the char y ield  results u sin g  th erm o- 
gravim etric analysis.
K e y  w o rd s : fire retardants, p o lym er-m eta l com p lexes, p o ly m e r /m o n tm o r il-  
lonite b len d s, p o lyp rop ylen e, cone calorim eter, therm ogravim etry.

T h erm ogravim etric analysis is w id e ly  u sed  to assess 
the therm al stability o f p o lym ers and additives, w here  
an increase in therm al d egradation  tem perature in di­
cates th erm ally  stable p o lym er and an increase in char 
yield  indicates a g o o d  flam e retardant additive [1]. The  
rate o f heat release is one o f the m o st im portant param e­
ters for iden tifyin g  fire h azard, since it is u sed  as a m e a ­
sure o f intensity o f fire [2]. C o n e  calorim eter testing is 
also a very  u sefu l sm all-scale test as it can m easure the 
heat release rate (HRR) associated w ith  a variety o f other 
param eters, w h ich  can provide a very  im portant data in 
fire assessm en t [3, 4].

It is w e ll k n ow n  that m on tm orillon ite clay (M M T )  
has very  g o o d  intercalation and  retention properties [5], 
w hich are best in the case o f a m etal-exch an ged  clay  
m ineral, particularly substances that can form  coordina­
tion c o m p o u n d s w ith those exchanged m etal ions. So, 
high therm al stability o f the intercalated co m p ou n d s can  
be u sefu l in industrial applications [6 ].

The present w ork  concentrates on the preparation of 
dithiocarbam ate p o ly m e r /m e ta l chelate com p lexes c o m ­
p o u n d e d  w ith  m o n tm o rillo n ite  an d  p o ly fim in o e th y -  
lene) interchelated w ith  m on tm orillon ite co m p ou n d s as 
fla m e retardan ts, in w h ich  d ith iocarb am ates u su ally  
form  ring structured com p lexes, because o f their charac­
teristic bidentate coordination  structure [7, 8 ]. From  the 
objectives reported b y  G . G allina et. al [9], I p lan n ed to

stu d y  the fire beh avior o f p o ly p ro p y le n e  m ixed w ith  
m etal co m p lex es o f p o ly (im in o eth y len e ) m o d ifie d  by  
dithiocarbam ate (C O M X ) co m p o u n d e d  w ith  m o n tm o ril­
lonite and poly(im in oeth ylen e) interchelated w ith m o n t­
m orillonite (P IE M M T ) u sin g  cone calorim eter and ther­
m o g rav im etry  to establish w h eth er the application  of 
cone calorim eter and the com p arison  o f the results with  
therm ogravim etric ones is u sefu l for definition  o f fire 
risk properties. T h ese flam e retardants w ere:

—  C O M X  c o m p o u n d e d  w ith  m o n t m o r i l lo n i t e  
(C O M X  +  M M T ), w here X  =  C o , C u , N i and Fe;

—  P IE M M T.
D etailed  description of m ixtu res o f C O M X  + M M T  

and P IE M M T  sam p les studies in m y  w ork  is presented  
in Table 1.

T a b l e  1. Characterization of COMX + M M T mixtures and 
PIEMMT samples

Sam ple type and content Symbol

M M T  4 %  + C O M C o 5% POZ1
M M T  2 %  + C O M C o 8% PO Z2
M M T  4 %  + C O M C u  5 % POZ3
M M T  4 %  + C O M N i 5% POZ4
M M T  4 %  + CO M Fe 5 % POZ5
M M T  2 %  + CO M Fe 7% POZ6
PIEM M T 3% PO Z7
PIEM M T 7% POZ8
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EXPERIMENTAL

Materials

K -M o n tm o r illo n ite  (M M T ) , p o ly (im in o e th y le n e ),  
carbon d isu lp h id e , ethanol, C u S 0 4  • 5 Н гО  and  N iC k  
• 6 H 2 O  w ere obtained from  Fluka, FeSCL ■ 7 Н гО  w as  
delivered b y  M erck  and  p oly p ro p ylen e  (PP, trade nam e  
"M a le n  P S -2 0 2 ") w as prod u ced  by O R L E N  SA .

Preparation o f poly(iminoethylene) m odified by 
dithiocarbamate (COM)

This F P I  valu e gives u sefu l inform ation  abou t the all 
flam e retardants u sed in this stu d y  in reference to the 
degree o f fire hazard [1 1 ].

Thermogravime try

A n aly ses sam p les 5— 15 m g  w ere carried out w ith  
u sin g T A -5 0  S h im ad zu  T h erm ogravim etric A n a ly ze r  at 
1 0 ° C /m i n  in nitrogen.

RESULTS A N D  D ISCU SSION

Cone calorimeter studies

C arbon  d isu lp h id e  (10.20 g) in ethanol (50 cm  ) w as  
a d d ed  to a stirred solu tion  o f poly (im in oeth ylen e) (30 g) 
in ethanol (75 cm 3) at 2 0 °C . The w hite precipitate, w hich  
fo rm ed  im m e d ia te ly  in quantities y ie ld , w as filtered, 
w a sh ed  w ith  ethanol and dried in v a c u u m  [7].

Preparation o f COM/metal complexes (COMX)

C O M  (1 g ), in solu b le in water, w as stirred w ith aq. 
s o lu t io n  ( 1 0 0  c m 3) o f  a d e q u a te  a m o u n ts  o f  F eS 0 4  

• 7 H 2 0 ,  C 0 CI2  • 6 H 2O , N iC l2 • 6 H 2O  or C u S 0 4 • 5 H 20  
u n der air or nitrogen at 2 0 °C  for 0.5— 1 h. C O M X  ob ­
tained w a s filtered, w ash ed  w ith  w ater and dried in va ­
cu u m  [7].

Samples preparation

PP w a s c o m p o u n d ed  w ith  each C O M X  in the pre­
sence o f M M T  in Brabender (plasti-corder) extruder at 
w eig h t ratio o f 90 PP: 9— 10 flam e retardants at tem pera­
ture 180— 1 9 0 °C  for 15— 18 m in  and then com pression  
m o ld e d  at 1 8 0 °C  u n der pressure 30— 40 M P a to give  the 
disks w ith  10.00 cm  o f diam eter and 0.20  cm  thick. These  
disks w ere then u sed  for cone calorim eter testing. The  
sam e procedu re w as u sed  to prepare the control sam ples  
(pure PP).

P IE M M T  (3 w t .%  or 7 w t .% ) w a s m ixed  w ith  PP (ac­
cordin g to [10]) at 1 9 0 °C  for 15— 18 m in  in Brabender  
extruder and  co m p ressio n  m o ld e d  at 1 7 0 °C  u n der pre­
ssure 3 0 — 4 0  M P a ; 9 .90  cm  of diam eter and  0.20  cm  
thick d isk s w ere obtain ed . T h ese d isks as w ell as the 
control sa m p les (pure PP) w ere tested in cone calorim e­
ter.

Methods

Cone calorimeter
2

Test w a s  carried at 35 k W /m  heat flux usin g the 
cone calorim eter (m ad e b y  A T L A S ) according to A S T M  
1345. The fire perform ance index (F P I) w as calculated as 
the ratio b etw een  the ignition  tim e (tig,,) and the peak of 
heat release rate (HRRpcnkY-

F P I  =  h f .n / H R R ^ n k  (1)

Figures 1 and 2 sh o w s the decrease in H R R  valu es of 
the sam ples containing both flam e retardants in co m ­
parison  w ith  pure PP. Better results w ere obtained for C o  
and C u  u sed as a m etal, not for Fe (Fig. 1). A lso  an in-
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F ig. 1. D ep en d en ce  o f  H R R  on  tim e fo r : 1 —  p u re PP, 2  —  P P  
+ P O Z 5 ,3 —  P P  +  P O Z 1 , 4 —  P P  +  P O Z 3  (for sym bols  see  
Table 1)
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T im e , s

F ig. 2. D ep en d en ce  o f  H R R  on  tim e fo r : 1 —  p u re PP, 2  —  P P  
+ P O Z 7 ,3 —  P P  +  P O Z 8  (for sym bols  see Table 1)

crease in P IE M M T  content in a co m p ositio n  decreases 
H R R  valu e (Fig. 2). L o w  valu es o f H R R  are desired  in fire 
hazard assessm ent. The reduction  o f tign o f the sam ples  
containing flam e retardant sy stem s in com p arison  with  
pu re PP m a y  be d u e to the initial co m b u stion  o f the 
flam e retardants before they p lay  their o w n  role in sa m -
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ple [9] (table 2). A lso  in this case the advan tageou s h igh ­

est F P I  valu es h av e  been obtained for C o  or C u  contain­
ing system s.

T a b l e  2. Results of cone calorimeter measurements

Sample ' tigii, S l~U)l \ s
HRRi„,k
k W /m 2

Final mass 
wt. %

FPI
sm 2/k W

POZ1 28.39 351 1011.79 2.53 0.0280
PO Z2 27.73 285 815.44 2.73 0.0340
PO Z3 24.83 461 744.35 1.19 0.0333

PO Z4 29.64 271 1180.54 1.13 0.0251

PO Z5 31.55 253 1465.90 0.72 0.0215

PO Z6 29.03 259 1375.35 0.69 0.0211
PO Z 7 42.28 269 1217.45 0.93 0.0347

POZ8 33.13 303 956.62 1.11 0.0346
PP 40.40 399 1827.90 0.30 0.0221

hut =  total burn time.

m asses o f the sam p les investigated . So the biggest final 
m a sses corresp o n d  to the co m p o sitio n s  sh o w in g  the 
highest F P I  valu es, it m ean s from  P O Z 1 to P O Z 4  and  
P O Z 7 and  P O Z 8 . Fe containing com p osition s (P O Z 5  and  
P O Z 6 ) are com p letely  ineffective.

Thermogravimetric analysis

The th erm ogravim etric curves in Figs. 5 — 9 sh ow s  
that sam p les o f PP containing flam e retardant system s  
d egrad ed  at h igher tem peratures than pure PP did  (ex­
cept o f P O Z 1 ). T h ey  all p rod u ced  in ad d ition  significant 
am oun ts o f char.

M o re  results o f T G A  analysis are sh o w n  in Table 3. A s  
a rule, the higher the tem perature for 5 % , 1 0 % , 1 5 %  and  
2 0 %  m ass loss, the low er the char y ields at chosen tem ­
perature o f 6 50°C .
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Fig. 3 . D ep en d en ce  o f  m ass loss on  tim e d u rin g  con e ca lorim e­
ter com bu stion  fo r : 1 —  PP + POZ3, 2 —  PP + POZ5,3 ■— 
PP + POZ1, 4 —  PP + POZ4, 5 —  p u re  PP (for sym bols  see

0 100 2 0 0  30 0
Tim e, s

F ig. 4. D ep en d en ce  o f  m ass loss on  tim e d u rin g  con e ca lorim e­
ter com bu stion  fo r : 1 —  p u re  PP, 2 —  P P  +  P O Z 7 ,3  —  P P  +  
P O Z 8  (for sym b ols  see Table 1)

Figure 3 and  4  sh o w s the m ass loss valu es as a fu n c­
tion o f tim e. The lon ger the com b u stion , the low er m ass  
loss rate an d  larger a m o u n t o f char form ed at the end o f  
com b ustion . Table 2 contains the data concerning final

F ig. 6. T G A  cu rves  fo r  p u re  P P  (1 ) and  P P  +  P O Z 2  (2 )

— 2

\ й
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F ig. 7. T G A  cu rves  fo r  p u re  P P  (1 ) and  P P  + P O Z 3  (2 )
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Fig. 8. TG A curves for pure PP (1) and PP + POZ4 (2)

Fig. 9. TG A curves for pure PP (1) and PP + POZ8 (2)

T a b l e  3. Some results of TGA

S a m p le '
I Temperature (°C) at which mass loss is: Char yield 

at 6 5 0 °C ,%! 5 %i 10% '15% 20%

PP i  485.21 502.39 514.01 522.91 0.298
PO ZI 451.39 478.67 495.93 509.54 4.279
P O Z4 i 508.33 540.15 556.16 566.01 5.389
P O Z3 503.87 536.63 533.83 564.99 5.491
P O Z2 i 502.14 536.97 599.92 576.43 5.832

PP + POZ8 510.78 545.32 564.07 576.16 6.017

For sym bols see Table 1.

CO NCLU SIO N S

portant data in fire hazard assessm en t. S o m e o f our co m ­
positions in this stu d y  seem  to im p rov e  the flam e retar- 
dancy o f PP at heat flux 35 k W /m  and  its therm al stabi­
lity. C on e calorim etry  an d  th erm ogravim etric  results 
presented sh o w s that char yield  is a significant m easure  
o f an effectiveness o f the system s investigated as the 
flam e retardants for p o ly p ro p ylen e .

A C K N O  W L E D G M E N T S
The author wish to express his gratitude to Prof, dr 

Ryszard Kozłowski, General Director of Institute of Natural 
Fibres (INF), Poznań, Poland, and all staff in flammability 
laboratory of INF for their helpful assistance in using all facili­
ties and cone calorimeter analyses.

REFERENCES

1. Pearce E. P., Khanna Y. R, Raucher D .: "Therm al 
Characterization of Polymeric M aterials" (ed. Turi E. 
A .), Chap. 8 , Academ ic Press Inc., N e w  York 1981.

2. Babrauskas V., Peacock R.: Fire Safety ]. 1 9 9 2 ,1 8 , 255.
3. Babrauskas V.: /. Fire Sci. 1984, 4 ,1 4 8 .
4. Babrauskas V.: Fire Mater. 1994, 8 , 81.
5. N our M . A .: Polimery 2002, 47, 326.
6 . Labhsetwar N . K ., Shrivastava О . P: Can. J. Cheni. 

1992, 7 0 ,1972 .
7. Mitchell P. С. H ., Taylor M . G .: Polyhedron 1982, 1, 

225.
8 . M athew  B., M adhusudanam  P. M ., Pillai V. N . R.: 

Thermochimica Acta 1992, 207, 265.
9. Gallina G ., Bravin E., Badalucco C ., A udisio  G ., A r- 

manini M . A ., De Chirico A ., Provasoli F.: Fire Mater. 
1 9 9 8 ,2 2 ,1 5 .

10. Vaia R. A ., Teukolsky R. K ., Giannelies E. R: Chem. 
Mater. 1994, 4 0 ,1017 .

11. Hirschler M . M .: /. Fire Sci. 1991, 9 ,1 8 3 .

Received 14 V 2002.

T h e cone calorim eter is very im portant and con ven ­
ient interm ediate-scale, test w hich  can provid e w ith im -


