
CHAPTER 4

DISCUSSION AND CONCLUSION

One of the o rgano tin  compounds used in  th is  experiment was 

te tra h e x y lt in .  T e tra h e x y lt in  was synthesized by Grignard process.

Although the G rignard syn thes is , co n s is tin g  o f many steps, 

requ ired  ca re fu l operation and the  reactants were more expensive than  

the d ire c t  synthesis, the  G rignard synthesis had good s e le c t iv i ty  and 

provides h igher y ie ld .  In  th is  study, the reac tion  gave 88.55% y ie ld  

based on s tann ic  c h lo r id e .

By use o f G rignard reagent fo r  o rganotin  synthes is ,  the  

reactants and the  so lven ts  must be abso lu te ly  d r ie d , th e re fo re , the  

hum id ity must be t o t a l ly  excluded from the re a c tio n  medium which 

could be achieved by using equipments and procedure in  th is  study.

This synthesis was m od ified  by rep lac ing  the  so lven t, THF, 

w ith  to luene a f te r  the G rignard reagent had been generated and 

allowed the  Grignard reagent to  react w ith  s ta n n ic  ch lo rid e  in  

to luene. This increased the  y ie ld  o f the product and prevent the  

form ation o f a s o lid  s ta n n ic  chloride-THF complex, which would c log  

the dropping funne l. I t  was b e lie ved  th a t the product y ie ld  increased  

due to  the  h igher s o lu b i l i t y  o f s tann ic  ch lo rid e  in  d rie d  to luene  

than in  THF, otherw ise, to luene  had much h igher b o il in g  p o in t than THF 

which was advantageously fo r  th is  exothermic re a c tio n  and to luene d id  

not form the  s o lid  complex w ith  s ta n n ic  ch lo rid e .
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C harac te riza tion  o f the  product w ith  FTIR spectroscopy 

showed the  c h a ra c te r is t ic  peaks o f general a lk y l group a t 2957, 2923, 

2852 cm

C h a ra c te r is tic s  o f te tra h e x y lt in  could be confirmed by 

using C-NMR and Mass Spectrometer. C-NMR showed the  peak o f 

CH3-  a t 14.193 ppm and -CH2~ a t 22.861, 27.141, 31.592, 34.146 

ppm, re s p e c tiv e ly . The peak o f CHo- รท appeared a t 9.263 ppm. The 

value o f J(Sn— C) coupling constant was 149.2 Hz.

Mass Spectrum showed base peak a t 375 and the  o th e r peaks a t 

291, e207, 123 due to  the  lo s t  o f CqH12 group as the  fo llo w in g  

mechanism (40-41).
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and o the r equations th a t cou ld  be occurred such as (40-41):
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(C  He 13 >4รท1" ------ > (CqH ) 3รท'+ + C He 13 (1)

rn/e = 459 m/e = 374 m /e = 85

(C  He 13 ) 3Sn+ — -> (C e H13) 2รทH+ + C H6 1Z (2)

m/e = 374 m/e = 290 m/e = 84

(C  He 13) 2 SnH+ <CoH )รทH + + C H6 1Z (3)

m/e = 290 m/e = 206 rn/e = 84

(C  He 13 )ร ท แ 2 + — -> (C QH13)รท+ + (4)

m/e = 206 m/e = 204

(C  H6 13) 3 รท 1 ------ > (C H ) รท+ + C Hร 13 (5)

m/e = 374 m/e = 289 m/e = 85

(C  H6 13) 2รท1’ ------ > (CeH13) รท+ ____ร ชุทน4 (6)/ Olin

m/e = 289 m/e = 204 m/e = 120

e tc .

From the th e o re t ic a l p a rt in  chapter two, i t  was reported  

th a t MTBE could act as an an ti-knock agent by in troduc ing  two 

chemical species w ith  h igh  b lend ing octane ra t in g ,  isobutene and 

methanol. Both o f them were the  o x id a tive  products o f MTBE (28).

In  the  case o f te t r a a lk y l t in s ,  the same as MTBE, i t  should be 

able to  p roo f th e ir  a n ti-kn o ck  performance by using Semenov’ s 

exp lanation  o f gas-phase hydrocarbons ox ida tion  (23).

In i t ia t io n : RH + รท y R + SnH (1)
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Propagation : 2R‘ + i11น
๐C

M ----> 2R02 ‘ (2)

RO ■ + RH ------—  > RO H + R' (3)2 2

ro2h — > Products (4)

RO H —  > RO* + OH* (5)2

R02' — > RCHO + OH' (6)

RCHO + 0 ------—  > RCO" + HO ' (7)2 2
T erm ina tio n : 2R02* —  > Surf ace (8)

This chain re a c tio n  was in i t ia te d  by t i n  ra d ic a ls , รท ', 

which were the product due to  the combustion o f te t r a a lk y lt in s ,  

shown as reac tion  (1 ). These ra d ic a ls  a l l  reacted w ith  hydrocarbons 

or o i ls ,  and then a lk y l ra d ic a ls  would be formed. The propagation  

took p lace a f te r  th a t,  however, a lk y l ra d ica ls  in  th is  step not on ly  

were formed by re a c tion  (1) but a lso  were formed by the  combustion 

o f te t r a a lk y lt in s .  Products from th is  chain re a c tio n  might be able  

to  id e n t if ie d  as aldehydes, a lcoho ls , peroxides, alkenes, e tc . ,  and 

some o f these products were the  high octane numnber species (12). In  

a d d itio n , the f in a l  p roduct, due to  the combustion o f te t r a a lk y lt in s ,  

t i n  oxide (รท02), was a nontox ic  compound. Moreover, SnO2 gave 

c a ta ly t ic  a c t iv i t ie s  by changing carbonmonoxide to  carbondioxide, so 

i t  was be lieved th a t i t  m ight be able to  decrease t o x ic i t y  o f 

gaso line  emissions. For the  reasons above, te t r a a lk y lt in s  could be 

used as octane number improver instead o f te tra a lk y lle a d s  which 

re su lte d  in  exhaust gases th a t endanger hea lth .

To determine an tiknock p ro p e rtie s , synthesized te tra h e x y lt in  

was blended w ith  c le a r  unleaded gasoline base and various  

compositions o f unleaded gaso line  bases, which were mixed w ith  MTBE 

or IPA, in  order to  determ ine octane number by using CFR standard
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engine. To compare w ith  te tra h e x y lt in ,  commercial te t r a b u ty l t in  was 

te s te d  by the same procedure. A l l  of the data in  th is  study was taken 

from the  samples w ith  o rgano tin  content of lg/1 and 2 g /l.  R esults from 

octane number determ inations o f gasoline composition bases which 

blended w ith  te tra h e x y lt in ,  te t ra b u ty lt in ,  MTBE and IPA showed th a t 

octane number o f these compositions were improved.

F igure 3.5 and 3.6 (Table 3.1) ind ica ted  th a t RON o f unleaded 

gaso line  bases which were blended w ith  both te trahexyltin -M TBE  

m ixtures and te trabu ty ltin -M T B E  m ixtures increased by the a d d it io n  o f 

MTBE conten t. The increase o f percentage from 5% to  10%, MTBE made 

h igher octane number than pure unleaded gasoline  base, which gave 

octane number 83.2, by 1 .8 -3 .8  u n its , s im ila r  to  MTBE, increas ing  in  

t i n  content from lg /1  to  2 g /l gave RON in  the  same d ire c t io n .  

T e tra h e x y lt in  added 1 .2 -1 .8  u n its  to  unleaded base but te t r a b u ty l t in  

was the  b e tte r  octane improver and increased RON by 1 .7 -2 .5  u n its .  

Because o f i t s  b e tte r  p ro p e rtie s , i t  has been commercially produced 

by severa l chemical in d u s tr ie s , te t r a b u ty lt in  would be in te re s te d  in  

th is  s tu d ies . In  a d d itio n , re s u lts  from Figure 3.5 and 3.6 showed th a t  

when 10% MTBE and 2 g /l te t r a b u ty l t in  were used as b lend ing components, 

they improved an tiknock p ro pe rtie s  to  g ive  the  h ighest octane number 

o f 89.2 whereas gaso line  composition con ta in ing  7% MTBE and 1 .5 g /l 

te t r a b u ty l t in  was the  optimum system in  o rder to  meet the  commercial 

re g u la r grade gasolines w ith  octane number 87.0.

Although the s o lu b i l i t y ,  s ta b i l i t y  and o the r p ro p e rtie s  o f 

MTBE were favored to  use as an antiknock a d d it iv e , i t s  cost was more 

expensive than some a d d itive s  such as commercial a lco h o ls . 

F o rtu n a te ly , i t  had been s tud ied  th a t the  gaso line  com position  

con ta in ing  5%, 7% and 10% isop ropy l a lcoho l (IPA) increased octane
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number by 1.4, 2.3 and 3.9 u n its  re sp ec tive ly  comparing w ith  pure 

unleaded gasoline base which gave octane number 86.2 (12). o therw ise, 

both MTBE and .IPA were oxygenated compounds, they should showed 

complete combustion and no gum occured. For these reasons, the  

fo llo w in g  te s ts  aimed a t 5% MTBE blended base comparing w ith  5% IPA 

and 5% MTBE-IPA m ixtu res. The observed data from F igure 3.7 and 3.8 

(Table 3.2) showed th a t the  best p roportion  o f MTBE to  IPA in  those  

m ixtures was unleaded gaso line  base conta in ing  3% MTBE and 2% IPA.

Results from F igure  3.9 (Table 3.3) i l lu s t r a te d  the tendency 

to  improve octane number o f 5% oxygenated bases comparing w ith  c le a r  

gasoline  base. The observed data showed th a t IPA was a b e tte r  octane 

booster than mixed MTBE-IPA and MTBE, re sp e c tive ly . For example, 

adding 2 g /l te t r a b u ty l t in  to  5% IPA, 3% MTBE-2% IPA and 5% MTBE 

blended base made h ighe r octane number than c le a r base by 4 .2 , 4.0  

and 3.6 u n its , re s p e c tiv e ly . When the  te s t (ca lled  5% oxygenated te s t  

1) was repeated, the  data was reported in  Table 3.4, 3 .5 , 3.6 which 

were p lo t te d  in  the F igure  3.10, 3.11, 3.12. F igure 3.10 showing the  

d ire c t io n  to  improve octane number was s im ila r  to  F igure 3 .9 . On the  

other hand, F igure 3.11 showed, the opposite d ire c t io n  when used 

another IPA sample. I t  was b e lie ved  th a t e ffe c t o f hum id ity  which was 

appeared by having a tra c e  o f water in  n o n -d is t i l le d  IPA reduced the  

antiknock p ro pe rtie s  o f IPA and gave th is  d if fe re n t  re s u lts . A fte r  

d is t i l l a t io n  o f the same IPA sample which was used in  F igure  3.11, 

the re s u lts  from F igure 3.12 ind ica ted  th a t tendency to  improve 

octane number was s im ila r  to  those o f F igure 3.9 and 3.10. One 

serious disadvantage by using IPA was the p o s s ib i l i t y  o f humid 

absorption when gaso line  samples were le f t  in  atmosphere fo r  a long  

period  o f tim e. The q u a n tity  o f IPA th a t used to  blend w ith  gaso line  

base was lim ite d  by the  water s o lu b i l i t y  o f IPA fo r  the  reason above.
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Nevertheless, a l l  o f the  data observed from te s tin g  each o f 5% 

oxygenated bases ind ica te d  th a t the best p ropo rtion  which gave 

h ighest octane number was the sample conta in ing  5% IPA and 2 g /l 

te t r a b u ty lt in .  Although gasoline samples conta in ing  high percentage  

o f IPA would be able to  decrease gaso line  cost and gave h igher octane 

number than using o f MTBE a t the same q u a n tit ie s  but humid absorp tion  

o f IPA might be occured. This e f fe c t  would separate gasoline  in to  two 

la ye rs . Moreover, some a d d itive s  could be d isso lved  by w ater. That 

was the  reason why MTBE-IPA m ixtures were able to  so lve th is  problem. 

L ike  oxygenated compounds, using o f 2 g / l te t r a b u ty lt in  gave h igher 

octane number than using o f lg /1 . However, tendency to  increase  

octane number by using te t r a b u ty lt in  from none to  lg/1* was g re a te r  

than from lg /1  to  2 g / l.  Cost from te t r a b u ty l t in  usage increased tw ice  

but i t  gave a lower tendency to  improve octane number. So unleaded 

gaso line  which was blended w ith  3% MTBE, 2% IPA and 1 .5 g / l 

te t r a b u ty l t in  should be the optimum p ro po rtio n . Though gaso line  

con ta in ing  5% IPA and lg /1  te t r a b u ty l t in  was the cheapest one.

The observed data from F igure 3.13 showed th a t gaso line  

composition con ta in ing  3% MTBE, 4% IPA, 1 .5 g /l te t r a b u ty l t in  was the  

optimum cond ition  which gave octane number up to  88.2, 5 .3  u n its  

h igher than c le a r base and the best mixed gasoline which gave the  

h ighest octane number, 89.9, was the sample con ta in ing  3% MTBE, 7% 

IPA and 2 g /l te t r a b u ty l t in .  However, re s u lts  from Figure 3.14 cou ld  

not d if fe re n t ia te  fo r  octane number o f 2% MTBE-5% IPA m ixtu re , 3.5% 

MTBE-3.5% IPA m ixture and 5% MTBE-2% IPA m ixtu re .

F in a lly ,  in  order to  decrease gaso line  p r ic e  from MTBE usage 

and to  decrease the e f fe c t  o f hum id ity  from IPA usage, MTBE-IPA 

m ixtures may be the  b e tte r  choice fo r  using as the an tiknock
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improvers to  meet octane number in  commercial than using each o f them. 

In  th is  study, the best p ropo rtion  was unleaded gaso line  base 

con ta in ing  3% MTBE, 2% IPA and 1 .5 g /l te t r a b u ty lt in .  However, the  

tendency to  decrease exhaust emission should be in ve s tig a te d  fu r th e r .
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