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linseed  oil has been epoxidised in siiu with hydrogen peroxide and 

acid in the presence of ion-exchange resins (Zeo-Karb 225 
modified Lignosite) as catalysts. Ailcali-refined oil was used, 
parameters studied were time, temperature, the amount of
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catalyst, and the hydrogen peroxide and acetic acid concentrations. 
The maximum oxirane content was 8.8 per cent when Zeo-Karb 
225 was used, and 5.6 per cent in case o f modified Lignosite.

Raw materials: plasticisers 
epoxidised oil

L'^poxydatlon in situ de I’huile de lin en presence de resines echangeuses d'ions
Resume

L’huile de lin a cte epoxydisee in situ avec le peroxyde d'hydrogene 
et I'acide acetiquc cn presence de certaines rcsines echangeuses d'ions 
(Zeo-Karb 225 ct Lignosite modifie) cn tant que catalysateurs. 
Oa a utilise I'huilc dc lin rutTincc pnr iraitement avec alcali. Les 
parameires ctudics fureni, la durce ct la temperature de la

reaction, la teneur en catalysateur, et les concentrations de 
r>eroxyde d’hydrogene et d’acide acetique. En utilisant la Zeo*karb 
225 on a obtenu une teneur maximale en oxirane de 8,8% et de 
5,6% dans le cas de Lignosite modifi^.

In>s>.- ipoxidierung von Leinol in Gegenwart von Jonenaustauschharzen
ẐusammcnrussunR
Leinol wurdc in-situ niit WasscretolTsuporoxid und Essigsiiurc in 
Gegenwart von Jonenaustauschharzcn (Zeo-Karb 225 und 
modifiziericm Lignosite) ;j|s Katalysatorcn cpoxidiort. Es wurde 
alkali-raffinicrtcs Leinol bcnutzt. Dio untersuchtcn Parameter

warcn Zeit. Tcmperatur, Katalysatorenmenge und die Wasserstoff- 
sufK'roxid-sowie Essigsaurekonzentration. Wenn Zeo*Karb 225 
bcnutzt w.urdc. war der Hochstgehalt an Oxiran 8.8®, und mil 
modif'izicrtcm Lignosite 5.6'‘e.

Inir‘ rction

The catalysts used in the epoxidation of oils are of two main 
types; the first includes aqueous catalysts or solids dissolved 
in the reaction medium (homogeneous phase reaction); the 
second comprises solid catalysts, usually ion-exchange resins, 
which do not dissolve in the reaction medium during the 
<̂ ourse of reaction, so that a two-phase isoUd : liquid) reaction 
takes ' ice. In general, insoluble solid catal\sis are more 
desir because they minimise epoxide ring opening': are 

eparate from the reaction medium: and can be 
•^noi ated for repeated use. Special resins crosslinked only 
to a small extent yield mostly by-products, whilst resins with 
a low metal content give the best results^

, Epoxidised linseed oil of 9.1 per cent oxirane conteni has 
prepared by Rheineck and W'ako '. by de Clerck’s 

^hniaue^ using 23 per cent Douex 50\V-\S as catalyst, 
•̂ agiah’’ has prepared epoxidised linseed oil o i  S . 7  per cent 

ontent in the presence of 15 per went .Amberlite 
.s catalyst.

 ̂ To iiic best of ihe authors* know ledge, modified Lignosite 
^  ôrmaldehvde-ireated lignin calcium .sulfonate) has not 
-fetinusly been used as an epoxidation catalyst for linseed

oil. It was used in their preN ious work for the epoxidation of 
dehydrated castor oil*.

Experimental
Rr/s. 7-9

Materials used were as follows:

Unseed oil Alkali refined; iodine value (IV) 173.

/fv'rfro.eeH peroxide Chemically pure. Strength determined 
precisely by (he thiosulfate method  ̂and found to be 32 per 
cent.

Zeo-Karh 225 A crosslinked polystyrene sulfonic acid (product 
of the Permutit Co.) with a dark yellow colour and rather 
coarse average particle size: granules passed through a 14 mesh 
but were retained by a 52 mesh sieve (—14—52). Sulfiu’content 
approximately 17 per cent, sulfonyl group content approxi­
mately 44 per cent.

Lianosirc This is a fine, tan coloured powder, obtained from 
Georgia-Pacific. Bellingham Division. USA. Total sulfur 
content approximately 6.6 per cent, sulfonyl-group content 
approximately 14 percent.

-•-'in Mint House. Cairo, Egypt.



Preparation o f modified Li|!nositc 

Refs. 8-13

The Lignosiie was modified b> heating with a mixture o f  
concentrated sulfuric acid and formaldehyde at 140 C for
24 hours' -. The product was a very hard, black, solid resin, 
which was insoluble in water. This was crushed and sieved to 
the mesh number (— 2 0 -  50) and the sieved resin particles 
were wasr.ed with dilute hydrochloric acid until calcium free*", 
and then uirh distilled water to remove the acidity. They were 
then wasr.ed w ith ethyl dlcohoi and dried under redused 
pressure a; 50 C.

Epoxidation

The oil was mixed with the required am ount o f  acetic acid, 
and the required percentage o f  catalyst added, together with 
benzene, which served as the reaction medium. Continual 
moderate stirring o f  the mixture during the run is very 
important. W ith the reaction mixture at the correct tempera­
ture, hydrogen peroxide was added dropwise for a period o f  
tw o hours*. The reaction was considered to begin when the 
firs! drop o f  h>drogen peroxide was added. At the end o f  the 
expertmen: the mixture was poured on to ice and immediately 
filtered. The residue was transferred to a separating funnel, 
the water ia>er was separated, and the oily layer was washed 
with warm distilled water until acid free, and then centrifuged 
and finaih dried under vacuum at 40 C.

Oxirane content

The oxirane content was determined volumeiricaMy by 
titrating the sample dissolved in benzene directly with 0.1 N  
hydrogen bromide in acetic acid (Durbetaki's reagent) using 
Crystal Violet as indicator" '-.

Iodine value

The Woburn*^ method o f  determining the IV >vas em ployed. 

Results and discussion

The in situ  epoxidation o f  linseed oil was fully investigated  
using as catalysts: lignosulfonic acid polymer (modified 
Lignositej; a natural polymer sulfonic acid, and Zeo-Karb  
225; a synthetic polymer sulfonic^cid. Test runs were carried 
out to  determine the conditions which give the highest oxirane 
content. The parameters studied were the reaction time and 
temperature, the amount o f  catalyst and the concentration o f  
the epoxidation reagents (hydrogen peroxide and acetic acid).

EfTect o f  time

T w o series o f  experiments were performed to find out the 
effect o f  time on the process o f  epoxidation o f  linseed oil. The 
first series o f  reactions was catalysed by m odified-Lignosite, 
the second by Zeo-Karb 225. The reaction conditions were 
the same in the two series, except that the am ount o f  catalyst 
was 25 per cent in the first and 15 per cent the sccond. The 
temperature was fixed at 50'C , and the molar ratio o f  oil: 
acetic acid: hydrogen peroxide was 1:6:6 in al! experiments. 
T he results obtained are shown graphically in Fig. 1.

•In the experiments with reaction time o f one hour, the hydrogen 
peroxide added over a period o f half an hour; in those o f 1.5 
hours reaction time, the hydrogen peroxide was added over a period 
o f one hour.

o  IODINE VALUE
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1=: :

Fig. 1. EfTccl o f time on the epoxidation pruL\»;

Pig, I shows that modified Lignosiie produces m a\i~_- 
epoxidation in a reaction limc o f  3.5 hours, after whic.*. u 
oxirane content decreases. On the other hand, the : 
decreases with time, indicating that the double-bonc> i-  
opened in spite o f  the decrease in oxirane content. This msa.* 
that fission o f  epoxide rings occurs with time; thus 
aceio \y -h yd ro \y  com pound is formed as a byn'-ctiuc;.

It is also clear that using Zeo-Karb 225. no cspressio" c 
oxirane content is evident up to a reaction lime o f  10 hoi:r

Effect o f  temperature

T w o other series o f  experiments were performed to find l-u 
effect o f  temperature on epoxidation. The molar ratio of c. 
acetic acid ; hydrogen peroxide in all experiments was 1 '.6:' 
The reaction time was . .̂5 hours, and the am ct: o f caia:> '̂ 
was 25 per cent for the modified Lignosite sei.es; for vc  
Zeo-Karb 225 series, the reaction time was four hours and t.'i.' 
amount o f  catalyst was 15 per cent.

^0 -

8  -

^ r n  kARR 90S o  OXIRANE ODNTENT ZEO-KARB 22 5  VALUE

MODIFIED 
LIGNOSITE

OXIRANE CONTENT- 
lODINE VALUE

20C

160

:2C <>

8 0  9

40

0
5 0  6 0  7 0  o v

TEMPERATURE { 'O  
Fig . 2. Effect of tem perature on the epoxioation process
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Fig. 2 illustrates the effect o f  reaction t e m p e r a tu  

and the oxirane content. Whilst modified Lignosite 
maximum oxirane content at dC C , Z e o - K a r b  peraw^  
the epoxidation progressively as the reaction 
Increases. On the other hand, the iodine va *̂ 5 
gradually in both cases; this means that the sma
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i^fved in oxirane content at above 60°C with modified 
f-ffnositc m ay be d u e  to  fission o f  the epoxy groups to  give 
^urated products.
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o OXIRANE CONTENT

E ffect
of catalyst

In \ie>v o f  the above results, the reaction time was fixed at 
.5  fiours and (he temperature at 60’C  for the modified 
Lignosiic series, and for Zeo-Kart> 225 the corresponding 
figures were four hours and 75°C. The molar ratio o f  o i l : acetic 
acid : hydrogen peroxide was 1 :6:6 in aJI experiments.

2EO-KARB 225
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Fig. 3. EfTcct of choice of catalyst on the cpoxidatlon proccss

The two oxirane curves in Fig. 3 show that the oxirane 
content increases wiih increasing amounts o f  catalyst. With 
modified Lignosite. the oxirane content is always lower, and
25 per cent catalyst is needed to  producc an oxirane content 
of 5.10 per cent. With Zeo-Karb 225, 17.5 per cent catalyst is 
sufficient to produce an oxirane content o f  8.30 per cent.

Effect Cl acetic acid

The effect o f  acetic acid was studied in two series o f  experi- 
nients to select the most suitable amount o f  acetic acid, which 
Si ês the highest oxirane content using both modified 
Lignosite and Zeo-Karb 225. The reaction conditions in the 
first series were reaction time 3.5 hours, reaction temperature 
^  C. modified Lignosite catalyst concentration 25 per cent;

in the second series, the reaction time was four hours, 
react - :mperature 75'C , Zeo-Karb 225 content 17.5 per

-oncentration o f  hydrogen peroxide in the two
.vjs iixed at six m oles/m ole o f oil.

The cur\ es show ing the influence o f  acetic acid concentra- 
“On in the epoxidation reaction are given in Fig. 4.

'“' îth modified Lignosite, there is a sm all  increase in oxirane 
an increase in acetic acid content until a value o f

^ ^ t  5JO per cent is reached at six moles o f  acetic acid per
■ ' îi. Using Zeo-Karb 225. the oxirane content is 

'et! maximum (8.40 per cent) is reached when
- and 6.0 m oles o f  acetic acid per mole oil are used.

ol hydrogen peroxide

the e/FecI o f  hydrogen perox ide  concen tra tion  was 
35 '®d in two series. The reaction conditions selected were 
Lie reaction time, at 60'’C and with 25 per cent modified

“^osite in the first series, and four hours reaction time, 75 C,

Fig. 4. Effect of acetic acid on (he epoxidation process

and 17.5 per cent Zeo-Karb 225 catalyst in the second. The 
am ount o f  acetic acid in the two series was fixed at 5.5 m oles/ 
m ole o f  o il. The changes o f  oxirane content and IV with 
hydrogen peroxide content are shown in Fig. 5.
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Fig. 5. Effect of hydrogen peroxide concentration on the epoxidation
process

The two oxirane curves show that increasing the amount 
o f  hydrogen peroxide increases the oxirane content: Zeo- 
Karb 225 being more efficient than modified Lignosite. With 
Zeo-Karb 225. the maximum oxirane content o f  S.5 per cent 
was obtained when eight m oles o f  hydrogen peroxide were used 
per m ole o f  o il. whilst with modified Lignosite. the maximum  
oxirane content o f  5.6 per cent was reached with se\ en m oles o f  
hydrogen peroxide m ole o f  oil. The IVs decrease with 
increasing hydrogen peroxide content in both cases.

C o n c tu s io n s

The optim um  conditions for the m sifu  epoxidation o f linseed 
oiK using so l id  su lfon a ted  synthetic and modifiec. .naturally 
occurring polymers as catalysts. ha\ e been obtained. Zeo-Karb 
225 is found to be more efficient than m odifiec Lignosite. 
which m ay be attributed to the higher —SO.iH content o f  the 
former and its attachment to an aromatic residue.
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Next month’s issue
The Honorary' Editor has accepted the following papers for publication, and they are expectcd to appear in the September issue 
of the Journal:

Kinetics of film formation of alkyl silicate zinc>rich coatings by T. Cinsberg

Paint disfiguration by migration of antioxidant from wall board adhesive by D. A. St. John and K. R. Markham 

Polyester resins and glass reinforced polyesters (GRPs) with particular emphasis on chemical plant by J. A. Raymond 

Prospects for surface coating resins in the European market by Ch. P. Marlin 

The Health and Safety Act by D. M. Wilson {Student Review)
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