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THE most efficient de-ozonizers (DO) such as p-phenylenediamine and quinoline 
derivatives and their products of oxidation are dark in colour and are therefore 
unsuitable for use in light and coloured vulcanizates [1]. In  contrast to this 
class of compounds, thiourea (TU) derivatives do not alter the colour of light 
resins although they are somewhat less effective [2]. The mechanism of protective 
action has been insufficiently dealt with in the literature. Vatanabe [3] showed 
that  the higher the rate of reaction of TU derivatives at constant rate of ozone 
passage, the more effectively they protect polyisoprene solutions from decomposi- 
tion. Hence the author concludes that  for resins prepared from diene rubbers 
those compounds which are characterized by  higher reactivity to ozone will be 
the most effective. 

However,  the observations made are only indirect arguments in favour of 
the assumption expressed. Quantitative data  obtained by  us regarding the rate of 
interaction of ozone with 1,3,3-tributylthiourea (TBTU) and C~-C-bonds in the 
polymer macromolecnle have been given in earlier papers [4, 5]. 

I t  was shown that  the interaction of TBTU with ozone takes place in two 
stages [4]: 

C4H9 O C4H9 
/ 

+ s o ,  C4HgNH--C--N + 0s 
II \ \ 
S C4H0 C,H9 

C,H~ 
/ 

C4H,NH---C--N Jr O3 /cg-~ ~C~HgN----C==O-{- unidentified products 
II \ 
O C,H0 

Using competing reactions the rate constant of the first stage k 1 was de- 
termined and appeared to be higher than that  of the reaction of diene polymers 
with ozone. 
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A s tudy  is made in this paper  of  the effect of  the  type  of  subs t i tuent  on bo th  

ni t rogen a toms on the  rate  of  the reaction of  TIT derivat ives with ozone and their  
efficiency as DO. 

EXPERIMENTAL 

Tri-subatituted TUwas prepared by interaction of corresponding isothiocyanates with 
secondary amines [6]. The characteristics of synthetic compounds and the rate constant of 
the reaction with ozone are shown in Table 1. 

Compounds 1 and 9 in Table 1 are light yellow oily liquids which decompose on distil- 
lation, the remainder are crystalline substances purified by repeated recrystal]ization from 
alcohol to constant melting point. In the case of compounds 3, 5, 6 and 11, melting points 
coincide with literature data [3, 7-10] and the melting points of compounds 2, 4, 7, 10 have 
not been given in the literature. 

The interaction of tri-substituted TU with ozone was examined by passing ozonized 
oxygen (ozone concentration 2.3 x 10 -a mole/1, or 5 x 10 -2 vol. %) through a 0.2% solution 
in carbon tetrachloride of the compounds studied at room temperature. The error of meas- 
uring the rate constant of TU derivatives with ozone was 20%. 

The behaviour of synthetic TU derivatives as colourless DO was examined in a vulcan- 
izate prepared from natural rubber (NR) of a composition: pale crepe-100.0; stearin 1.0; 
thiuram 0-4; sulphur 2.0; magnesium oxide 3.5; zinc oxide 30.0; chalk 40.0 parts by weight. 

Rubber mixtures were prepared in mills and vulcanized in a hydraulic press at 143 °. 
The time elapsing before crack formation (r, rain) was taken as the criterion of ozone resist- 
ance of rubbers using samples exposed in an ozone compartment to an ozone concentra- 
tion of ~ 1 . 8  x 10 -4 vol. %. During testing the samples were subjected to static expansion 
(e=10%) or repeated deformation at a frequency of 12 cycles/rain when e=20%. 

The protective effect in rubbers was characterized by the ratio of time to crack forma- 
tion in samples containing the compounds studied (VDO) to the same index for a control 
sample (re). 

RESULTS AND DISCUSSION 

A s tudy  of  the interact ion of  the  compounds  studied with ozone indicates t h a t  
the stoichiometrie react ion coefficient is two in every  case. The l iberation of  

sulphur dioxide during ozonizat ion of  t r i -subst i tu ted T U  indicates t h a t  the  
react ion first takes place as the C - - S  bond. 

The rate  constants  (Table 1) derived by  the method  of  compet ing react ion [4] 
exceed the  rate  cons tant  of  the react ion of  ozone with C~--C bonds of  a IgR macro-  

molecule which is 7.5 x 105 1./mole. sec [5]. The compara t ive  remoteness of  sub- 
s t i tuents  on the  ni t rogen a toms of  TU derivatives f rom the  react ion centre 

(sulphur a tom) accounts  for the  low induct ion effect of  subst i tuents .  The type  of  

this e f fec t - - the  increase of  the rate  cons tant  of  the react ion with ozone dur ing an  
intensification of  electron-donor properties of  the subst i tuent  (from 1.0 x l0 s to  
1.7 x 106 1./mole. sec on changing from p-n i t rophenyl  to alkyl in D B N P T U - T B T U  

compounds) m a y  be easily explained in terms of  the  increase of  reac t iv i ty  of  T U  
in relation to ozone wi th  an increase in electron densi ty  on the sulphur  atom. 

Results  of  tes t ing rubbers,  which contain TU derivatives (Table 2) indicate 
t ha t  the  type  of  su~st i tuent  in TU has little effect on the physical  and mechanical  
propert ies of  rubbers,  which are practical ly of  equal value under  op t imum vulcan-  
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izing condit ions.  The  effectiveness of  these  c o m p o u n d s  as DO in r u b b e r  var ies  

a n d  depends  on  the  chemical  s t ruc tu re  of  subs t i t uen t s  on  the  n i t rogen  a toms .  
A lky l - subs t i t u t ed  T U  h a v e  the  h ighes t  ac t iv i ty .  The  r e p l a c e m e n t  of  t he  a lkyl  
rad ica l  in posi t ion 1 of  T B T U  b y  alicyclic, a r o m a t i c  a n d  p - n i t r o - a r o m a t i c  radica ls  
lowers the  de-ozonizing effect unt i l  t h e y  d i sappear  comple te ly  (e.g. on add ing  
p -n i t ropheny l ) .  The  same dependence  is obse rved  on changing the  t y p e  of  sub- 

s t i tuen t s  in posi t ion 3. 

T A B L E  2. E F F E C T  OF TU DERIVATIVES O1~ THE M A I ~  PHYSICAL AND MECHANICAL CHARACTERIS- 

TICS AND DE-OZON'IZnqG EFFECT OF VULCANIZATES PREPARED FRO~[ N R  

Col l l -  

pound, 
~]o. 

Vithout 
DO 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Physical and mechanical properties of rubbers 

modulus with 
300 % elonga- 
tion, kg/cm * 

8 
16 
15 
16 
14 
14 
13 
16 
11 
17 
16 
12 

' tensile strength, 
kg/cm ~ 

elongation, % 

relative residual 

Relative de-ozonizing 
effect m 

180 
241 
229 
235 
220 
229 
246 
199 
191 
240 
245 
198 

816 
704 
700 
716 
725 
720 
728 
722 
780 
684 
700 
696 

20 
17 
16 
18 
18 
17 
20 
16 
17 
18 
17 
17 

dynamic 
tests 

1.0 
5.2 
4.5 
2.4 
1.0 
3.2 
1.4 
1.0 
1.7 
4.8 
1.5 
2.8 

static 
tests 

1.0 
3-0 
2.3 

1"0 
1"8 
1.2 
1.0 
1"6 
2.2 
2.0 
2"0 

* Compound numbers cor~Imnd to the coml~ound number~ in Table 1. 

W h e n  examin ing  the  effect iveness of  DO of  severa l  p - p h e n y l e n e d i a m i n e  
de r iva t ives  wi th  var ious  subs t i t uen t s  on  the  n i t rogen  a t o m  we found  [11] t h a t  
the re  is a funct ional  re la t ion  be tween  the  r a t e  cons tan t  o f  t he  reac t ion  w i t h  

ozone kDo and  re la t ive  de-ozonizing effect  of  r ubbe r s  in t he  presence  of  DO ~vo/% 

log ZDO = A  + B  k ~  ~° ' 
3 o K:ol 

where  kol is the  r a t e  cons tan t  of  t h e  reac t ion  of  ozone w i th  model  olefin (me thy l  
oleate),  A and  B are  coefficients which  are  cons tan t  for  t he  ent i re  series. 

F igure  1 shows t h a t  a m o n g  T U  der iva t ives  wi th  different  subs t i tuen t s  in 
pos i t ion  1 (curve 1) an  exponen t ia l  dependence  on kDo/kol exis ts  for  log (~,o/%). 
The  same  can  be  said wi th  a cer ta in  degree  of  a p p r o x i m a t i o n  a b o u t  c o m p o u n d s  
wi th  different  subs t i t uen t s  in pos i t ion  3. 
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Figure 2 shows the dependence of the protective action of some TU deriv- 
atives on their concentration in rubber. With an increase in DO content the de- 
ozonizing effect of rubber increases in the case of effective DO (TBTU and 

~DO/T~ 
5"0 ~ x / Y  

17 I 
JO . .~S~ 

1.0 7 
I I f I 

0"8 f'2 I'6 2.0 
%o l Kol 

tOSrA/T~ I r~°~ 

2.0 0 ['0 2"O J~ 0~9 
KDO/Kol C, ~/100~ pO/~lrne/, 

FIG. 1 FIG. 2 

Fie. 1. Dependence of vDo/re (a) and log rD___? (b) on Here and in Fig. 2 the numbers 
• o \ kol / 

of points correspond to the numbers of compounds in Table 1. 

Fie. 2. The effect of the concentration of tri-substituted TU in rubber on de-ozonizing effect 
under dynamic test conditions. 

DEBTU)  and varies little or remains at the level of control rubber in the presence 
of TttTU or DB~IPTU, respectively. The order of effectiveness of these DO is 
retained. 

Data  of Figures 1 and 2 prove that  direct reaction with ozone has a significant 
role in the protective action of TU examined. 

Attempts  have been described in the literature of relating the effectiveness of 
DO with melting point [12]. Among the compounds studied the most effective 
D O - - T B T U  and D E B T U  at room temperature are liquids, while the other 
TU derivatives are crystalline products. However, a comparison of the protective 
action of D E H T U  and E P H T U  (Table 2) with their melting point and constant of 
reaction with ozone k 1 (Table 1) indicates that  E P H T U  at  lower m.p. does not 
protect  rubber at  all from the effect of ozone in contrast to D E H T U - - a n  effective 
DO. The k 1 value of these compounds is 0 .9×10 s and 1-6×10emole]l. .sec, 
respectively. 

The value of  kl of  T H T U  and D B H T U  (Table 1) being equal, the latter is 
3 t imesmore  effective as a DO which is, apparently, due to the differen t physical 
and chemical properties of these compounds (solubility in rubber, rate of diffusion 
in the surface, etc.). 

Thus, the effect of the  physical behaviour of compounds on their effects as 
DO cannot be excluded, but  the role of these factors becomes noticeable with 
sufficient chemical activity of the compounds studied. 
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CONCLUSIONS 

(1) 11 Tr i - subs t i t u t ed  th ioureas  (TU) were  synthes ized  and  r a t e  cons t an t  o f  
the i r  reac t ions  wi th  ozone and  the i r  effectiveness as de-ozonizers (DO) in rubber s  
de te rmined .  

(2) I t  was  shown  t h a t  the re  is an  exponent ia l  re la t ion  be tween  the  r a t e  con- 
s t a n t  o f  reac t ions  wi th  ozone of  severa l  t r i - subs t i tu t ed  T U  and  the i r  effect iveness 
as DO, which p roves  t h a t  the  indirect  reac t ion  of  T U  wi th  ozone is of  considerable  
significance in the  Ihechanism of  ac t ion  of  these  DO. 

(3) The  add i t ion  to  the  T U  molecule  of  e lec t ron-donor  subs t i tuen t s  increases 
effect iveness.  

(4) The  phys ica l  p roper t ies  of  T U  only  influence the  de-ozonlzing effect o f  
DO if  the  reac t ion  r a t e  of  the  compounds  wi th  ozone is fa i r ly  high. 

Translated by E. S~.MER~. 
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