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LITERATURE REVIEW

2.1 Properties and Uses of Glycerol

G ly cero l ( 1 ,2 ,  3 -p rop an etr io l) is a c o lo r le ss , od o r le ss , v is c o u s  liqu id  w ith  
a sw e e t  ta ste , d erived  from  both natural and p etro ch em ica l feed sto ck s . T he nam e  
g lycero l o r ig in a tes  from  th e G reek  w ord  for “s w e e t” , g ly k y s , and  the term s  
g ly cer in , g ly cer in e , and g ly cero l tend to  be used  in terch an geab ly  in th e  literature. 
On the o th er hand, the e x p r e ss io n s  g ly cer in  and g ly c e r in e  g en era lly  refer to a 
co m m erc ia l so lu tio n  o f  g ly cero l in w a ter , o f  w h ich  the principal com p o n en t is  
g ly cero l. C rude g ly cero l is 70 -8 0 %  pure and is  o ften  con cen trated  and purified  
prior to  co m m erc ia l sa le  to  9 5 .5 -9 9 %  purity (P a g liaro  and R o ss i, 2 0 1 0 ) . 
M o reover, G ly cero l is lo w  o f  to x ic ity , stron g ly  h y g r o sc o p ic  (in  an ex o th erm ic  
reaction ), c o m p le te ly  so lu b le  in w ater  and a lco h o l, and in so lu b le  in hydrocarbon  
(Petsriprasit, 2 0 0 9 ).

G ly cero l h as m an y  c o m m o n  n am es su ch  as g ly cer in , g ly cer in e , 
g ly cer ito l, g ly c y l a lc o h o l, 1, 2 , 3 -p rop an etrio l, 1, 2 , 3 -tr ih yd roxyp rop an e and its 
ch em ica l form u la  is  บ 3 แ 5 (0 แ )3 . G ly cero l is a trihydric a lc o h o l, h av in g  tw o  
prim ary and o n e  secon d ary  h yd ro xy l grou p s, w h ich  are its p oten tia l reaction  s ites  
and the b a s is  for g ly c e r o l’s u se fu ln e ss  a s  a ch e m ic a l raw  m ateria l. It h as a 
m olecu lar  w e ig h t  o f  9 2 .0 9 , a d en sity  o f  1 .2 3 7 5  (@  2 0  °C ), a m e ltin g  p o in t o f  17.8  
°c, a fla sh  p oin t o f  17 6  ๐c  and b o ilin g  p oint o f  2 9 0  °c a cco m p a n ied  by  
d e co m p o sitio n  (Petsriprasit, 2 0 0 9 ).

M W : 9 2 . 0 9
m p : 1 7 . 8 ° c
b p y g g ! 2 9 0  ° c  ( d e c o m p ) .  
D e n s i t y  @  2 0  ° c  =  1 . 2 3 7 5  
F l a s h  p o i n t  1 7 6  ° c
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G ly c e r o l
1 , 2 , 3 - p r o p a n e t r i o l

Figure 2.1 G ly cero l p rop erties (K enar, e t  a l ,  2 0 0 7 ).
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G ly cero l can  b e used  in variou s ap p lica tio n s such  as fo o d  industries, 
p h arm aceu tica ls , p erson al care ap p lica tion s, b o tan ica l extracts, a n ti-freeze , and  
etc . In m ed ica l and p h arm aceutica l preparations, g ly cero l is u sed  for im p rov in g  
sm o o th n e ss  and p rov id in g  lu b rica tion , and a lso  acts as h u m ectan ts, a  h y g ro sco p ic  
su b stan ce  k eep in g  th e preparation m o ist. G ly cero l is  a lso  used  to  m ain ta in  texture  
b eca u se  it can  con tro l w ater a c tiv ity  and p ro lo n g s s h e lf  life  in a h ost o f  
a p p lica tion s. It is a lso  w id e ly  u sed  as a laxa tive , b ased  on  the sam e induced  hyper  
o sm o tic  e ffec t , in co u g h  syrups, e lix irs  and exp ectoran ts, too th p aste , 
m o u th w a sh es , sk in  care products, sh av in g  cream , hair care products, soap s and  
w ater-b ased  p erson al lubricants.
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Figure 2.2 T h e c o n v ers io n  o f  g ly cero l in to th e  u se fu l p rod u cts (Z h ou , e t  a l ,  
2 0 0 8 ).
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In fo o d s  and b ev era g es , g ly cero l serv es  as a h u m ectan t, so lv en t, and  
sw ee ten er , and m ay  h elp  to  p reserve fo o d s. It is a lso  used as f iller  in co m m erc ia lly  
prepared lo w -fa t fo o d s  (e .g ., c o o k ie s ) , and as a th ick en in g  ag en t in liqueurs. 
G ly cero l and w a ter  are used  to p reserve certain  typ es o f  lea ves.

G ly c e r o l’s  u tiliza tio n s  in ch em ica l industry co v e r  a w id e  range o f  
p rod u cts and ap p lica tio n s. G ly cero l is  th e  m ain  starting m aterial for 
n itrog lycer in e , w h ich  is used  in the m an u factu re o f  d yn am ites  and m u n ition s. 
W hen reacted w ith  d ib a sic  ac id s, su ch  as p h th a lic  acid , it m ak es a lk yd  resin s, an 
im portant c la ss  o f  c h e m ic a ls  u sed  in co a tin g  and paints. G ly cero l is a lso  u sed  a s  a 
lev ita tin g  agen t to red u ce the p article  s ize  o f  a p ow d er  on gr in d in g  (Petsriprasit,
2 0 0 9 ) .

2.2 Properties and Uses of Polyglycerol

T he v is c o s ity  o f  g ly c e r o l o lig o m e r s  in creases w ith  ch a in  length . T h e u ses  
o f  h igh er p o ly g ly c e r o ls  (h ig h er  or eq u al to  h ep ta g ly cero l) are restricted  in food  
ap p lica tio n s (E U  C o m m iss io n , 1 9 9 8 ), w h ere  the d esired  p o ly g ly c e r o ls  are u su a lly  
d i- and tr ig lycero l. A  p o s it iv e  e f fe c t  o f  in creased  ch ain  len gth  is d ecreased  
v o la tility , w h ich  red u ces the evap ora tion  o f  an added  fragrance, e .g . in d eod oran ts  
and m o u th w a sh es (S o lv a y  C h e m ic a ls , In c ., 2 0 0 4 ). O ther p rop erties that fo llo w  
ch a in  length  are in crease  o f  therm al stab ility  and refractive in d ex . In ad d ition , the 
h u m ectan ts property red u ces w ith  in crea se  o f  th e  ch ain  length  (d u e  to d ecrea se  o f  
h yd ro p h ilic ity ).

P o ly g ly c e r o ls  h ave  a large nu m ber o f  ap p lica tion s. T h ey  are u sed  as a 
starting m aterial for th e  p rod u ction  o f  surfactants, c o sm e tic s , fo o d  a d d itiv es , and 
lu b rican ts (C la cen s , e t  a l ,  2 0 0 2 ) . A lso , p o ly g ly c e r o ls  can  b e u sed  as reactan ts in 
the production  o f  p o lyu reth a n es and p o ly e ste r s  (S o lv a y  C h e m ic a ls , Inc, 2 0 0 5 ) .  
R ec en tly , d ig ly c e r o l d er iv a tiv es  w er e  p rop osed  a s  n ov el o lig o m e r ic  liquid crysta ls  
(N akam ura, e t  a l ,  2 0 0 7 ).



6

a. D ig ly cero l

OH OH OH

c. m -p o ly g ly c e r o l

Figure 2 .3  Structure form u las o f  d ig ly cero l (a ), tr ig lycero l (b ), g ly c e r o l p o lym er  
(c ).

E v en  thou gh  the ap p lica tion s o f  p o ly g ly c e r o ls  are so  n u m erou s, as seen  
in the p rev iou s paragraphs, p o ly g ly c e r o l esters find m u ch  m ore w id esp read  
ap p lica tion .

P o ly g ly c e r o l e sters  (P G E ) are n o n -io n ic  surfactants that free from  
e th y le n e  o x id e  and n itro sa m in es. T h ey  are b io co m p a tib le  and b iod egrad ab le , and  
are a llo w ed  for fo o d  in m an y  cou n tries (S o lv a y  C h em ica ls , Inc., 2 0 0 8 ) . T he  
p o ly g ly c e r o l part, u su a lly  m a d e  up o f  a lin ear d i-  or tr ig lycero l, is co n n ec ted  to the  
fatty  acid  part w ith  an ester  lin k a ge . T h e length  and sh ap e o f  th e  fatty acid  m ay  
vary. A n im portant property o f  p o ly g ly c e r o l esters and su rfactants is  the  
h y d ro p h ilic - lip o p h ilic  b a lan ce  (H L B ); th is ratio is  s im p ly  ca lcu la ted  as th e  m olar

m a ss  o f  the h yd ro p h ilic  part d iv id ed  b y th e m o le c u le ’s m o la r  m ass. T h is  ratio can  
b e  u sed  to  p red ict gen era l b eh av ior  o f  a surfactant in a tw o -p h a se  sy stem  (A co sta  
e t  a l ,  2 0 0 8 ).

P o ly g ly c e r o l e ste rs  are used  in sev era l ap p lica tion s such  as in co sm e tic s , 
in fo o d s , p h arm aceu tica ls  and other in d u stries. In co sm e tic s ;  they  are u sed  to 
e m u ls ify , con tro l v is c o s ity , d isp erse  and sta b ilize  the fin a l m ixture. T h ey  are 
incorporated  in to  hair s ty lin g  g e ls , sk in  treatm ent g e ls , sk in  c lea n sers, baby  
crea m s, lo n g -a c tin g  hand crea m s, m o istu r iz in g  su n screen s, and su n -p ro tective
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stick s. In fo o d s; th ey  are used  as e m u ls ify in g  a g en ts  in the p rod u ction  o f  f in e  
bakery, c h e w in g  gu m , and in rep la cem en t o f  fats. P o ly g ly c e r o l p o ly r ic in o le a te  
(E 4 7 6 ) is an em u ls if ie r  m ad e from  castor  beans (rich  in r ic in o le ic  ac id ) w h ich  
red u ces th e  v is c o s ity  o f  c h o co la te  and sim ilar  coa tin gs and c o m p o u n d s. It is u sed  
at lo w  le v e ls  (fra ctio n s o f  p ercents). B y  using (E 4 7 6 ) , the c h o c o la te  rec ip e  h as  
lo w er  c o s ts  in term s o f  le s s  c o c o a  butter but a lso  g iv e s  the b en e fit  o f  h av in g  le s s  
fat.

2.3 Glycerol with transesterification and esterification reaction

M o n o g ly c e r id e  and p o ly g ly c e r o l esters are th e  m ajor p rod u cts from  
tran sesterifica tion  and ester ifica tion  reaction . In co m m erc ia l p ro cess , b asic  
cata lysts su ch  as p o ta ssiu m  h yd rox id e and ca lc iu m  o x id e  are n orm a lly  u sed . T h eir  
a p p lica tion s are c o sm e tic s , p h arm aceutica ls, food  industries, syn th e tic  lubricants, 
d e terg en c ie s , and etc . N o w a d a y s  p o ly g ly c e r o l esters are so  pop u lar in surfactant 
a p p lica tion s b eca u se  th e y  are n ew  m arketab le product and b io d eg rad a b le  for  
en v iron m en ta l friend ly . F or m o n o g ly c e r id e , it can be p roduced  from  th ese  three  
co m m erc ia l p ro cesses .

- D irec t ester ifica tio n  o f  g ly c e r o l w ith  fatty acid
- T ra n sester ifica tio n  o f  tr ig ly cer id es w ith  g ly cero l
- G ly c e r o ly s is  o f  tr ig lycer id es

T h e  prod u ct o f  d irect ester ifica tio n  (sh o w n  in F ig u re  2 .4 )  and  
tran sester ifica tion  (sh o w n  in F igure 2 .5 )  is con ta in ed  4 0 -6 0 %  o f  m o n o g ly c e r id e  
and 3 5 -4 5 %  o f  d ig ly cer id e  by u s in g  tem perature at a p p ro x im a te ly  2 4 0  ๐c  and  
resid en t tim e  n ot e x c e e d  in h a lf  an hour. M oreover, from  the b a s ic  ca ta lysts, the  
p u rification  sec tio n  w ill  in clu d e the neutra lization  step  and rem ov a l o f  salt 
form ation s from  the p rod u cts.
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Figure 2.4 R eaction  for d irect ester ifica tion  o f  g ly cero l w ith  fatty  ac id  (Z h ou , e t  
a l ,  2 0 0 8 ) .
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Figure 2.5 R ea ction  for tran sesterifica tion  o f  tr ig ly cer id es w ith  g ly c e r o l (Z h ou , e t  
a l ,  2 0 0 8 ) .

2.4 Glycerol with Etherification Reaction

T h e o b v io u s  w a y  o f  p o ly m er iz in g  g ly cero l is to s im p ly  add severa l 
g ly cero l m o le c u le s  after each  o th er, b u ild in g  arbitrarily lo n g  ch a in s o f  
p o ly g ly c e r o l. T h is  k in d  o f  reaction  is a con d en sa tio n , or e th er ifica tio n , w h ere  o n e  
m o le  o f  w ater  is created  for ev ery  ether linkage form ed . E th erifica tion  o f  g ly cero l 
m ay lead  to a nu m ber o f  d ifferen t products. A part from  g e ttin g  linear p o ly m er  
ch a in s  o f  varying  len g th s, o n e  w ill get branched ch a in s and to so m e  exten t a lso  
c y c l ic  p o ly g ly c e r o ls .
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F ig u r e  2 .6  C o n d en sa tion  o f  g ly c e r o l to  p o ly g ly c e r o ls  (B eh r, e t  a l ,  2 0 0 7 ).

I f  the e th er ifica tion  is d o n e  in the p resen ce o f  air, o n e  w ill a lso  lik e ly  g e t  
a cro le in , the s im p le s t  a ld eh yd e. A cro le in  is c lea r  or y e l lo w  liqu id  that ev a p o ra tes  
q u ic k ly  and burns e a s ily . It h as strong and u n p leasan t sm e ll. It reacts q u ic k ly  
w h en  e x p o se d  to o th er su b stan ces and u sed  w id e ly  as an in term ediate in the  
c h e m ic a l industry. C O 2 or N 2 can  b e bubbled  through th e  reaction  m ix tu re to  
p reven t the form ation  o f  acro le in  (Petsriprasit, 2 0 0 9 ).

glycerol

H O ^ ^ O H  

A O  A

0 ^ ^ ' O H

-H jO

acrylaldéhyde

F ig u r e  2 .7  D eh yd ration  o f  g ly cero l lea d in g  to  th e  form ation  o f  acry la ld éh yd e , or 
acro le in  (P etsr ip rasit, 2 0 0 9 ) .
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P o lym eriza tion  o f  g ly cero l is d on e w ith  a sp e c if ic  linear p o ly g ly c e r o l as 
th e  in ten d ed  product, m o st co m m o n ly , the linear d i-  an d /or  tr ig ly cero ls . A s  the  
p o ly g ly c e r o l ch a in  grow s (b y  ad d in g  m ore g ly cero l u n its), th e  v is c o s ity  in crea ses  
w h ile  th e  h yd ro p h ilic ity  d ecrea ses .

2.5 Etherification of Glycerol by Homogeneous Catalysis

T h e h in d ran ces con fron ted  on  p o ly m eriza tio n  o f  g ly c e r o l u sin g  
eth er ifica tio n  reaction s are in v o lv ed  w ith  the reactin g  g ly c e r o l w ith  
ep ich lo roh yd r in  in proper ratios to  get the in tended  linear p o ly g ly c e r o l w ith  h ig h  
y ie ld s . T h e co m m o n  so lu tio n  o f  this prob lem  w a s p rov id ed  b y  S o lv a y , a  large  
m an u factu rer o f  p o ly g ly c e r o ls  (S o lv a y  C h em ica ls , Inc, 2 0 0 5 ) . T h e so lu tio n  is  to 
ab an d on  th e con d en satio n  rou te altogether.

T h e eth er ifica tion  reaction  is fo llo w e d  b y h y d ro ly s is , n eu tra liza tion , and 
f in a lly  p u r ifica tio n  o f  th e  p rod u ct (S o lv a y  C h em ica ls , Inc, 2 0 0 5 ) . T h is  p r o c e ss  is 
a lso  d escr ib ed  in d etail in a patent by Jak ob son  and S iem a n o w sk i (1 9 9 0 ) .

H o w ev er , th is m eth o d  o f  p rod u cin g  p o ly g ly c e r o ls  still h as a d raw b ack , 
w h ic h  is  th e  in troduction  o f  ch lorin ated  reactants that can  lead to  h yd ro ch lor ic  
a c id  and  other ch lorin ated  b y-p rod u cts. U n fortu n ately , it s till s e e m s  n o t h a v in g  a  
g o o d  w a y  to p o ly m erize  g ly cero l h o m o g e n e o u s ly  b y  s im p le  c o n d en sa tio n  
(e th er ifica tio n ) w ith o u t lo s in g  control o f  th e  fin a l p rod u ct’s p o ly g ly c e r o l  
c o m p o s it io n  (Petsriprasit, 2 0 0 9 ) .

T h ere is  a lso  a  v ery  o ld  m eth od  p rov id ed  b y  S e id e n  and M artin  (1 9 7 6 ) , 
th e  c o m p o s it io n  o f  p o ly g ly c e r o l is co n tro lled  b y  q u en ch in g  th e reac tio n  at a  
p rop er t im e  w ith  a b ase  that n eu tra lizes th e  cata lyst (su lfu r ic  a c id ). T hen  
u n reacted  g ly c e r o l and c y c lic  d ig ly cero l are rem ov ed  b y d istilla tio n .

S e id en  and M artin (1 9 7 6 )  a lso  n o ticed  the in terestin g  fact that d u rin g  the  
g ly c e r o l p o ly m eriza tio n  p r o cess , the in itial rate o f  d ig ly cero l form ation  is  h igh er  
than that o f  th e  lon ger  ch a in  p o lym ers. M o reov er , th e y  c la im e d  that “the  
d ig ly c e r o l c o n ten t reach es its m axim u m  con cen tration  w h en  about 50 %  o f  th e  
g ly c e r o l h as b een  p o ly m e r iz e d ” . From  that p o in t on w ard s, th e  rate o f  d ig ly c e r o l



form ation  is  lo w er  than the rate at w h ich  d ig ly cero l is further p o ly m erized . S o  the  
con cen tra tion  o f  d ig ly cero l d ecreases.

2.6 Etherification of Glycerol by Heterogeneous Catalysis

T h is f ie ld  is q u ite  n ew , at least a ca d em ica lly , and  it h as b een  hard to find  
p u b lica tio n s d escr ib in g  th is m atter. M u ch  o f  the research  is p rob ably  k ep t secret 
for co m m erc ia l reasons.

C o m m erc ia lly , d ig ly cero l is  prepared b y  base h y d ro ly s is  o f  
ep ich loroh yd rin  fo llo w e d  b y  d istilla tion  (Jak ob son , 1 9 8 6 ). B ut it is d ifficu lt  to 
ob ta in  d ig ly c e r o ls  in a s e le c t iv e  m anner in h o m o g e n o u s  sy stem . B a tch  co n v ersio n  
requires fractional d istilla tio n  to separate g ly c e r o l, d ig ly c e r o ls , and h igher  
o lig o m ers .

S e id en  e t al. (1 9 7 6 )  stud ied  p ro cess  for preparing p o ly g ly c e r o l b y  h eatin g  
g ly cero l under reduced pressu re in the p resen ce  o f  su lfu r ic  acid  and g ly c e r o l ester. 
T h e con d en sa tio n  reaction  w a s  term inated  b y  ad d in g  a n eu tra liz in g  ag en t to  the 
m ixtu re. T h en  unreacted  g lycero l and c y c lic  d ig ly c e r o l w ere  rem o v ed  b y  
d istilla tio n . H ow ever , th is  p ro cess  w a s  co m p lica ted  and products w er e  re la tive ly  
p o o r  in c o lo r  quality .

T o  o v erco m e  th ese  draw backs, attem pts h av e  b een  m a d e  to  con vert  
g ly cero l d irectly  into the d esired  o lig o m e r s  b y u s in g  variou s b a se s , in c lu d in g  
h y d ro x id es, carb on ates, b a se  porous so lid s , and o x id e s  o f  sev era l m eta ls  (E sh u is, 
e t  a i ,  19 97 ).

It w a s  found that carbonates are m ore  a ctiv e  than h y d ro x id es , d e sp ite  the  
w ea k er  b ase  character o f  th e  form er (G arti, e t  a i ,  1 9 8 1 ). T h is  b eh a v io r  h as b een  
attributed to  the better so lu b ility  o f  carb on ates in g ly c e r o l and in the p o lym eric  
product at e lev a ted  tem peratures.

H arris e t al. (1 9 9 2 )  reported that th e  fraction  o f  th e  d ig ly c e r o l and  
tr ig lycero l is b e lo w  or eq u a l to  65%  ov er  sod iu m  z e o lite s  and so d iu m  silica te . 
T h ey  su g g e ste d  that there is  no shape se le c t iv ity  e f fe c t  ov er  th ese  ca ta ly sts  and  
lik e ly  the ou ter  su rface o f  th e  catalyst p la y s  an im portant ro le  in the c a se  o f  N a A  
z e o lite  sam p le .
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C la cen s e t  a l. (1 9 9 8 )  reported that the h etero g en eo u sly  ca ta ly zed  reaction  
u sin g  ces iu m  ion ex ch a n g ed  z e o lite s  g a v e  a lo w er  a c tiv ity  but h ig h er  o f  se le c t iv ity  
to d i-  and tr ig lycero ls  than the h o m o g e n o u s ly  ca ta lyzed  reaction  w ith  N a 2C 0 3 - 
Furtherm ore, the w id e  pore fau jasite -typ e  (F Â U ) z e o lite  X , io n -ex ch a n g ed  b y  C s, 
ex h ib ited  a h igher a c tiv ity  and se le c t iv ity  than the m ed iu m -p o re  M F I-typ e z e o lite  
Z S M -5 , w h ich  w a s  attributed to p o r e -s iz e  e ffe c ts .

Hattori (1 9 9 5 )  and D ek a  e t  al. (2 0 0 0 )  found that th e  e ffe c t  o f  a lkali 
c a tio n s  o n  th e base strength  o f  z e o lite s  w ere  in th e  order C s+ >  R b + >  K+ >  N a + >  
L i+. T h erefore , a ttem p ts h av e  been  m a d e  to e x ch a n g e  N a + in the z e o lite  by C s+ in 
order to en h an ce the a c tiv ity  o f  the so lid  cata lysts.

Barrault e t  al. (2 0 0 2 )  d em on strated  that so lid  and b a s ic  m ateria ls m ay  
rep la ce  the usual h o m o g e n e o u s  ca ta ly st w ith  sam e a c tiv ity  and se le c t iv ity  but  
w ith o u t the form ation  o f  b y-product and w a stes . Further, in th e  p resen ce  o f  
m eso p o ro u s  so lid s  w ith  accurate pore s iz e , m ore than 80%  o f  y ie ld  w a s  ob ta in ed  
and w a s  s e le c t iv e ly  transform ed to lin ear  d i- and tr ig lycero l.

L em ke (2 0 0 2 )  en cou n tered  that w h en  p otassiu m  h y d ro x id e  or sod iu m  
h y d ro x id e  w ere rep la ced  by ca lc iu m  h yd rox id e during p o ly m er iza tio n  o f  g ly cero l. 
T h e form ation  o f  c y c lic  p o ly g ly c e r o ls  w a s  ex trem ely  red u ced . T h u s, 
p o ly g ly c e r o ls  w ere prepared  b y m ix in g  g ly cero l w ith  ca lc iu m  h y d ro x id e  ca ta lyst. 
T h e tem perature and p ressure o f  th is  reaction  w ere  2 3 0  ° c  and  150 m m H g, 
resp ec tiv e ly . T h e p o ly g ly c e r o ls  in h igh  y ie ld  w ith  in s ig n ifica n t form ation  o f  
c y c lic  p o ly g ly cero l w e r e  ob tained .

C la cen s  e t  a l. (2 0 0 2 )  stu d ied  the se le c t iv e  syn th esis , from  g ly cero l and  
w ith o u t so lv en t, o f  p o ly g ly c e r o ls  h a v in g  a lo w  p o ly m eriza tio n  d eg ree  (d i- and  
tr ig ly cero l)  in the p resen ce  o f  so lid  m eso p o ro u s catalyst. T h e y  stu d ied  th e  
sy n th e sis  and im p regnation  o f  m eso p o ro u s  so lid s  w ith  d ifferen t b a s ic  e lem en ts  for  
m ak in g  th em  active , sta b le , and se le c t iv e  for the a im  reaction . T h e  resu lts sh o w e d  
that im p regnation  m eth o d  g a ve  im portant activ ity , w h ich  m u st b e  correlated  to  
im portant a c tiv e  sp e c ie s  incorporation . T h e se le c t iv ity  o f  th e  m o d ified  
m eso p o ro u s  cata lysts, th e  best v a lu e  to  d i-  and tr ig lycero l w e r e  ob ta ined  ov er  
so lid s  prepared by c e s iu m  im p regnation . T h e re -u se  o f  th ese  c e s iu m  im pregnated  
ca ta ly sts  d id not a ffe c t  the se le c t iv ity  to  the d i-  and tr ig lycero l fraction . In the
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p resen ce  o f  m ag n esiu m  and lanthanum  con ta in in g  ca ta ly sts , the g ly c e r o l  
d eh yd ration  to acro le in  w a s  very  s ig n ifica n t w h erea s th is  u n w an ted  p rod u ct w a s  
n ot form ed  w h en  ces iu m  w a s  u sed  as an im p regnation  prom oter.

Barraut e t  al. (2 0 0 4 )  stu d ied  sy n th e sis  and m o d ifica tio n  o f  ca ta lysts. T he  
ca ta ly sts  prepared by the im p regnation  m eth od  sh o w ed  th e  h ig h e st  activ ity , but 
w e r e  su b jected  to  m etal lea ch in g . T h e reaction  w a s  p erfo rm ed  at 2 6 0  ๐c  at 
atm osp h eric  p ressu re under n itrogen  a tm osp h ere in the p resen ce  o f  2  w t%  o f  
cata lyst. M eso p o ro u s so lid s  m o d ifie d  by ce s iu m  im p regn ation  or e x ch a n g e  led  to  
th e  b est se le c t iv ity  and y ie ld  to (d i-+ tr i-) g ly cero l (m o re  than 90% ). T h e  
ex ch a n g ed  ca ta ly sts  w ere  th e  m o st  stab le  but the le ss  o n es; th e  im p regnated  
ca ta ly sts  can b e reu sed  w ith out lo s in g  o f  their se le c t iv ity  to (d i-+ tr i-)  g ly cero l.

W eck h u y sen  e t  al. (2 0 0 8 )  ob served  that th e  rea c tiv ity  o f  a lk a lin e-earth  
o x id e s  for g ly cero l co n v ersio n  is  in a cco rd an ce  w ith  the b a s ic ity  o f  the so lid s , that 
is B a O  ~  SrO >  C aO  » M gO . H o w ev er  the authors a lso  reported  that C aO  is  
a c tiv e  as B aO  i f  ap p lied  in the form  o f  c o llo id a l p artic les.

P rev iou s w ork s sh o w ed  that the h o m o g e n e o u s  ca ta ly sts  had a g o o d  
a c tiv ity  but p oor  in se lec tiv ity . On the o th er s id e , h e tero g en o u s ca ta ly sts  su ch  as 
z e o lite , ion ex ch a n g ed  m esop o rou s m o lecu lar  s ie v e s  or o th er b asic  m ateria ls w ere  
n ot so  go od  in a c tiv ity  but th e y  had a h igh  s e le c t iv ity  to d ig ly c e r o l ob ta in ed  at 
d ifferen t g lycero l co n v ers io n  d ep en d in g  on the typ e o f  ca ta lyst.

2.7 SBA-15

S in ce  e x te n s iv e  lea ch in g  m a y  threaten  the reu se  a b ility  and  the  
en v iron m en ta l su sta in ab ility  o f  th e  h etero gen o u s ca ta ly sts , pure so lid  se e m s  not 
su ita b le  for industrial ap p lica tion s. T h erefore , it is im portant to  in v estig a te  n o v e l 
h etero g en o u s b a s ic  ca ta lysts that are both a c t iv e  and stab le  for the e th er ifica tion  
reaction .

N e w  c h a n c e s  have occu rred  in m an y  areas o f  c h em istry  and m ateria l 
sc ie n c e  sin ce  the d isco v ery  o f  m eso p o ro u s  s il ic a  m o lecu la r  s ie v e s  (K resg e , e t  a l ,  
19 92 ). B eca u se  o f  its d esirab le  features, e .g . ta ilorab le  p ore s iz e , h igh  d eg ree  o f  
structural ordering, e a se  o f  sy n th e sis , larger p ore s iz e , th ick er  pore w a lls  and
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h igh er hyd roth erm al/th erm al stab ility , S B A -1 5  has b een  w id e ly  stu d ied  in the last 
d eca d e  (Z h ao , e t  a l ,  1998 ).

S B A -1 5  is 2 D  h e x a g o n a lly  ทาesostru ctu red  s i l ic a  m o lecu la r  s ie v e , first 
reported  by Z h ao  e t  al. (1 9 9 8 ) . T h e resu lts su g g ested  that S B A -1 5  h as a  h ig h ly  
ordered  2 D  h exa go n a l m esostru ctu re w ith  a  very u n iform  p o re -s ize  d istrib u tion . 
S B A -1 5  m ateria ls prepared from  P I 2 3  at 4 0 -1 0 0  °c (hyd rotherm al tem perature) 
h ave uniform  pore s iz e s  from  ~ 6 .5  to  10 nm . T h e p o re -w a ll th ick n ess  is  ca lcu la ted  
to  be 3 .1 -4 .8  n m , m uch  th ick er  than that o f  M C M -41 resu ltin g  in h igh er therm al 
and hydrotherm al stability .

A lb u q u erq u e e t  a l. (2 0 0 8 )  stu d ied  the C aO  su p ported  on m eso p o ro u s  
s il ic a s  as b asic  ca ta lysts for tran sester ifica tion  reaction s. A  n e w  fa m ily  o f  b ase  
cata lysts has b een  prepared b y im p regn ation  and su b seq u en t therm al treatm ent o f  
ca lc iu m  aceta te  supported  on m eso p o ro u s  S B A -1 5  s il ic a . T h is  support, as  
com p ared  to  M C M -41  and fu m ed  s il ic a , has p roven  to  be m ore th erm ally  
resistan t, and th e in teraction  b e tw een  C aO  and s ilic a  is stron g en ou g h  to  preven t 
th e  lix iv ia tio n  o f  the active  p h ase  in m eth a n o l.

F ig u r e  2 .8  O rdered  m eso p o ro u s s ilic a  S B A -1 5  (h ttp ://n an o /ab stra cts/k le itz .h tm l).

http://nano/abstracts/kleitz.html
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Li and R u d olp h  (2008) com p ared  the ca ta ly tic  a c tiv ity  o f  M g O -  
fim ctio n a lized  m eso p o ro u s  m ateria ls in the tran sesterifica tion  o f  b len d ed  
v e g e ta b le  o il w ith  eth a n o l. W hen  th e reaction  w a s  carried out at 220 °c  for 5 h 
under c o n tin u o u s stirring in a batch reactor, S B A -1 5  im pregnated  w ith  M gO  w a s  
found to  b e  th e  m ost e f fe c t iv e , reach in g  a h igh co n v ers io n  o f  96% . T h ey  a lso  
co n c lu d ed  that S B A -1 5  im p regn ated  w ith  M gO  is  v ery  p rom isin g  ca ta ly st for the  
tran sesterifica tion  o f  v e g e ta b le  o il for b io d iese l p rod u ction  and h as potentia l as a 
h etero g en eo u s  cata lyst for su ch  reaction s.

N o w a d a y s , S B A -1 5  h as a c h ie v e d  various a p p lica tion s in the fie ld s  o f  
ca ta ly sis , ad sorp tion s, sep ara tion s, w ater  p u rifica tion , and ad v an ced  op tica l 
d e v ic e s  b e c a u se  o f  its u n iq u e p h y s ico ch em ica l p rop erties (T u el, e t  a i ,  2 0 0 3 ).

2.8 Successive Ionic Layer Deposition (SILD)

S u c c e s s iv e  io n ic  layer d ep o sitio n  (S IL D ) is  an aq u eo u s m eth od  for  
d ep o sitin g  m ateria ls on  a support through a se r ie s  o f  ch em ica l reaction s. 
H o w ev er , rather than p la in ly  p h y s ic a lly  d ep o sitin g  sm all p artic les or a tom s  
ran d om ly o n to  a su rface , S IL D  u ses  in teraction s b etw een  the support and io n ic  
precu rsors to  u ltim ate ly  ad h ere the thin  film  to the support su rface . T h e SIL D  
p roced u re ex p lo its  the e lec tr ic  d o u b le  layer e ffe c t  to  create a su p ported  thin so lid  
f ilm  in a layer-b y -lay er  fa sh ion . D u ring each  step  o f  S IL D , su b m o n o la y ers o f  
d esired  ca tio n s  and a n ion s are a ltern ately  and se le c t iv e ly  adsorbed  on  a su rface to  
p rod u ce S IL D  n an olayers w ith  co n tro lled  c o m p o s itio n  and m o rp h o lo g y . L ow  
op era tin g  tem peratures, s im p le  eq u ip m en t, and a tm osp h eric  pressure o f  the SIL D  
p ro cess  m a k e  it a co m p a ra tiv e ly  lo w  c o st  tech n o lo g y . B eca u se  S IL D  ad h eres th e  
thin  film  to  th e  support through  e lec tro n ic  in teraction s b etw een  th e  support and  
th e  aq u eo u s precursors, S IL D  m ay  p rov e  to  b e c o m e  a p ow erfu l m eth od  for  
u n iform ly  d ep o sitin g  o x id e  m ateria ls  on  a  support su ch  that th ey  rem ain  stab le  
ev en  at e lev a ted  tem peratures (G ilbert, 2 0 1 0 ).
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Figure 2.9 Illustration  o f  th e  s tep s in th e  SIL D  c y c le  (G ilbert, 2 0 1 0 ) .

2.9 Quantification of Polyglycerol

P o ly g ly c e r o ls  can  b e co m p o se d  o f  c y c l ic  p o ly g ly c e r o ls  and acro le in  
o w in g  to  sid e  reaction s and in adeq u ate p u rification  o f  the product. For th is reason  
a  resp o n siv e  and re lia b le  an a ly tica l m eth od  is  n eed ed  to o b serv e  the purity o f  
p o ly g ly c e r o ls . N u m ero u s  ch rom atograp h ic  tech n iq u es su ch  as G as 
C h rom atograp h y/M ass S p ec tro sco p y  (G C /M S ), G as L iqu id  C h rom atograp h y  
(G L C ), H igh  P erform an ce L iqu id  C h rom atograp h y  (H P L C ), N u c le a r  m a g n etic  
reson a n ce  (N M R ), M A L D I-T O F -M S , G el P erm eation  C h rom atograp h y (G P C ), 
V isco sim etry , V P O , and D S C  h av e  b een  e m p lo y ed  (Petsriprasit, 2 0 0 9 ) .

K um ar e i  a l. (1 9 8 4 )  u sed  h igh  p erform an ce  liqu id  ch rom atograp h y  
(H P L C ) w ith  refractive  in d ex  d etector  to find  out the co m p o s itio n  o f  
p o ly g ly c e r o ls . C arbohydrate a n a ly s is  co lu m n  w ith  a ceton itr ile -w ater  (8 5 :1 5 )  w ere  
u sed  to  separate and d e fin e  c y c lic  d ig ly cero l and p o ly g ly cero l o lig o m e r s  up to  
u n d ec a g ly cero l and ex h ib it  its u tility  in m on itor in g  th e preparation  o f  
p o ly g ly c e r o ls . H en ce , w e  can  u se  H P L C  as a to o l for m on itor in g  th e  creation  o f  
d esired  m ix tu res o f  p o ly g ly c e r o ls  and for a n a ly z in g  p o ly g ly c e r o l esters straight 
through their p o ly g ly c e r o l m o ie tie s .
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R ob erts e t  al. (1 9 9 8 )  u sed  ga s ch rom atograp h y (G C ) to  ex a m in e  the 
p o ly g ly c e r o l m ix tu res. T h e p ack ed  co lu m n  w a s  3%  O V -1 on gasch rom  Q. and a 
lin ear program m e w a s  run from  1 0 0 -3 0 0  °c at a  rate 10 °c per m in u te . G as  
ch rom a to grap h y /m ass sp e c tr o sc o p y  (G C /M S ) w a s  used  to an a ly ze  the structural 
o f  p o ly g ly c e r o ls . T h e  cap illary  C P -SI1 5C B  co lu m n  w a s run from  5 0 -2 7 0  °c at 
rate 5 °c per m in u te . B o th  gas ch rom atograp h y (G C ) and gas  
ch rom a to grap h y /m ass sp e c tr o sc o p y  (G C /M S ) sa m p les  w ere  ex a m in ed  as the s ily l 
d er iv a tiv es  b y reactin g  p o ly g ly c e r o ls  p roducts w ith  a  m ixtu re o f  
h e x a m eth y ld is ila za n e , tr im eth y ls ily lch lo r id e  and pyrid ine b efo re  the in jection .

L a fo sse  e t  a l. (1 9 9 9 )  reported  that liqu id  ch rom atograp h y w a s u sed  w ith  
eva p o ra tiv e  ligh t sca tterin g  d e tec tio n  and m a ss  spectrom etry . A n  am in o p ro p y l-  
b o n d  p o lym er and a  p o ro u s grap h itic  carbon w ere p ack ed  in  the co lu m n s  to  
sep arate and d e fin e  the iso m er ic  d ig ly c e r o ls  {p r im -p r im , p r im -s e c ,  and se c -se c ) .  
T h e p r im -p r im  iso m ers  w ere  separated  upon the p orou s grap h ite carbon  p ack ed  
c o lu m n  by u sin g  pure w ater  as a m o b ile  p h ase . T h e p r im -s e c  and s e c - s e c  iso m ers  
w e r e  separated upon  th e  am in op rop y l-b o n d  p o lym er p ack ed  co lu m n  by u sin g  
a ceton itr ile -w ater  (9 0 :1 0 )  a s  a m o b ile  phase. L C -M S w a s  u sed  to  id en tify  the  
q u an tities o f  o th er co m p o u n d s.
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