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APPENDIX

S tan d a rd  Analysis C hrom atogram

T h e  re fe ren ce  s tan d a rd  fo r gas p ro d u c ts  w ere  ana lyzed  b y  a S h im ad zu  G C - 
17A  eq u ip p e d  w ith  flam e io n ized  d e tec to r (F ID ) w ith  a  cap illa ry  H P -P L O T /A I2O 3 

“ ร ” d e a c tiv a ted  co lum n . It w as  foun d  th a t th e  re ten tio n  tim e  o f  m e th an e , e thane, 
e th y len e , p ro p an e , p ro p y len e , bu tan e , ace ty len e , 1-bu tene and  i-b u ten e  a re  1.4, 1.8,
2 .6 , 3 .7 , 6 .7 , 8.0, 9 .9 , 11.7 an d  12.2 m in , re sp ec tiv e ly  (see  F ig ure  4 .1 ).

T h e  re fe ren ce  s tan d a rd  for liq u id  p ro d u c ts  w ere  an a ly z e d  by  a  H P -58 90  
e q u ip p e d  w ith  flam e io n ized  d e te c to r  (F ID ) w ith  H P -IN N O W A X  co lu m n . It w as 
fo u n d  th a t th e  re ten tio n  tim e  o f  a ce ta ld eh y d e , p ro p an a l, ace to n e , m e th a n o l, e th ano l, 
to lu e n e , ace to l, ace tic  ac id , p ro p an o ic  ac id  an d  g lycero l are 2 .7 , 3 .1 , 3 .3 , 4 .0 , 4 .4 , 5.9,
10.6, 14.0, 16.3 and  2 7 .9  m in , re sp e c tiv e ly  (see  F ig u re  4.2).
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F igure A1 C h ro m ato g ram  o f  s tan d a rd  gas m ix tu re .
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F ig u re  A 2  C h ro m ato g ram  o f  s tan d a rd  liq u id  m ix tu re .

T o find  ou t th e  re sp o n se  fac to r o f  e ach  c o m p o u n d , n -oc tane  w as u sed  as the 
re fe ren ce . T ab le  4.1 sh o w s th e  re sp o n se  fac to r o f  each  sub stance  in th e  re fe ren ce  
s ta n d a rd  w h ich  co n ta in s  1-p ro p an o l, p ro p en -2 -o l, m e th an o l, e th ano l, ace to n e , aceto l, 
a ce tic  ac id , p ro p io n ic  ac id  an d  g ly cero l. F o r lo w  b o ilin g  p o in t c o m p o u n d s , it is 
d iff ic u lt to  o b ta in  the  re sp o n se  fac to r. F o r ch e m ic a l stan dard , the re sp o n se  fac to rs  o f  
p ro p en a l and  p ro p an a l a re  a ssu m e  to  be  eq u a l to  1-p ro p an o l and  th e  re sp o n se  fac to r 
o f  a c e ta ld e h y d e  is assu m e to  be eq u a l to  e th an o l.

T a b le  A 1 R esp o n se  fac to rs  o f  e a c h  su b s tan ce  in  th e  refe rence  s tan d ard

Substances Form ula Response factor
1-Propanol c 3h 8o 0.651

Propen-2-ol c 3h 6o 0.468
Methanol c h 4o 0.355
Ethanol c 2h 6o 0.521
Acetone C jH 6 0 0.468
Acetol C 3H60 2 0.293

Acetic acid ๐ 2แ 4๐ 2 0.217
Propionic acid c 3h 5๐ 2 0.504

Glycerol c 3h 8๐ 3 0.501
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Table A2 T h e  p r o d u c t  y ie ld s  a n d  c o n v e r s i o n  o f  g ly c e r o l  o b ta in e d  o v e r  th e  H Z S M - 5
w i t h  v a r io u s  S i 0 2/ A l 2 0 3  r a t io s . ( R e a c t io n  c o n d i t io n s :  4 0 0  ๐c ,  3 0 0  p s ig ,  พ / F =  1 h ,

a n d  T O S = 3  h )

S i 0 2/A l20 3 ra tio s 23 30 50 80 280
C o n v ers io n  (% ) 100 100 100 100 100

O xygenate ( m o lc a r b o n  % ) 13.4 9.7 13.7 4.9 5.3
A ce ta ld eh y d e 0.1 0.8 1.2 0.1 0.4
F o rm ald eh y d e 0.0 0.0 0.0 0.0 0.0

P ropanal 0.0 1.4 1.8 0.0 0.0
A cetone 0.6 0.7 1.0 0.3 0.4
P ropenal 0.0 0 .2 0.2 0.0 0*0
M ethanol 0.2 0 .2 0.0 0.0 0.0
E thanol 0.0 0 .0 1.0 0.0 0.0

A lky l alcoho l 0 .0 1.2 1.0 0.0 0.0
A cetol 0 .0 0.0 0.0 0.0 0.0
A cetic 8.1 3.5 4.5 3.4 3.9

P ropano ic 2 .2 1.8 2.4 0.7 0.0
H eav y  ox yg ena te 2.1 0.0 0.6 0.5 0.5

H ydrocarbon ( m o lc a r b o n  % ) 86.6 90.3 86.3 95.1 94.7
C 1-C 3 P araffins 25 .7 23 .8 22 .4 30 .7 33.1

C 4 +  P araffins 12.8 12.9 13.9 15.4 11.8
E thylene 1.9 0.7 0.9 0.7 3.3

P ropy lene 1.6 0.4 0.6 0.5 4.2
B utene 3.6 0 .0 0.0 0.0 1.5

B enzene 5.1 7.1 6.1 4.8 6.2
T oluene 14.9 19.7 18.1 15.1 14.1

EB 0.9 0.8 0.8 0.9 0.8
/7-X ylene 3.1 3.9 3.7 3.7 2.5
m -X ylene 6.7 8.8 8.4 8.1 5.9
O-Xylene 3.1 3.9 3.7 3.7 2.7

C 9 A ro m atics 3.9 4 .9 4.2 5.8 3.8
C lO A ro m atics «0.5 0.6 0.6 1.3 0.4
c 11 A rom atics 1.6 1.6 1.2 2.8 3.0
G 12A rom atics 1.0 1.0 1.3 1.0 1.0
C 1 3 A ro m atics 0.2 0.3 0.5 0.5 0.4



T a b le  A 3  P ro d u c t y ie ld  and  a c e ta ld eh y d e  c o n v e rs io n  o v e r  H Z S M -5 w ith  
S i 0 2/A l20 3 o f  80 (R eaction  co n d itio n s: 4 0 0  ° c ,  300  p s ig , and  T O S  =  3 h)

W /F  (h) 0.1 0.5
C onv ersio n  (% ) 72 .6 98 .6

Oxygenate (molcarbon %) 43.3 6.5
A ceta ld eh y d e 2 7 .4 1.4
F orm aldeh yd e 0.0 0.0

P ropanal 1.4 1.4
A ce tone 0 .0 0.0
P ropenal 0.0 0.0
M ethano l 0.0 0.0
E thanol 0.0 0.0

A lkyl a lco ho l 0.0 0
A ceto l 0.0 0.0
A cetic 14.6 3.7

P ropano ic 0 .0 0.0
H eavy  ox y g en a te 0 .0 0.0

Hydrocarbon (molcarbon %) 56.7 93.5
C 1-C 3 P ara ffin s 2.6 24 .0

C 4+ P ara ffin s 1.5 11.3
E thy lene 12.8 2.3

P ro py lene 17.4 0.9
B utene 0.0 0.0

B enzene 2 .6 7.7
T o luene 7.4 26.1

EB 0.8 1.0
p -X y len e 1.3 2.9
m -X ylene 2.6 6.5
0 -X ylene 1.2 2.9

C 9 A rom atics 4.3 5.8
C lO A rom atics 0 .7 0.7
C l 1 A rom atics 0.5 0.8
C 1 2A rom atics 0 .4 0.2
C 1 3A rom atics .0 .6 0.2
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2 T h e ta

F ig u r e  A 3  X R D  patte rns o f  H Z S M -5  (23 ), H Z S M -5  (3 0 ), H Z S M -5 , and  (50) 
ca ta ly s ts .

F ig u r e  A 4  Iso p ro p y lam in e-T P D  p ro file  o f  th e  p a ren t H Z S M -5  ca ta ly sts  w ith  
S 1O 2/A I2O 3 ra tio s  o f  23, 30, 50 , 80 , and  280.
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2 0 1 2 -2 0 1 6 In te rn a tio n a l D o c to r  o f  P h ilo so p h y  D eg ree  in  
P e tro ch em ica l T ech n o lo g y , T h e  P e tro leu m  and  
P e tro ch em ica l C o lleg e , C h u la lo n g k o m  U n iv ers ity , 
B an gk ok , T h a ila n d

2 0 0 8 -2 0 1 1 B a c h e lo r’s D eg re e  o f  C h e m ic a l T ech n o lo g y , F acu lty  o f  
S c ien ce , C h u la lo n g k o m  U n iv e rs ity , B an gk ok ,
T hailand .

A w ard and Scholarship:
2015 2015 B est S tu d en t A w ard s , C h u la lo n g k o m  U n iv e rs ity
2015 A w ard  o f  A p p re c ia tio n  2 0 1 5 , T h e  P e tro leu m  and  

P e tro ch em ica l C o lleg e
2015 B est P o s te r  P re se n ta tio n  A w ard , S ou theast A sia  

C a ta ly s is  C o n fe re n c e  20 15  (S A C C  2015), N a tio n a l 
U n iv e rs ity  o f  S in g ap o re , S in g ap o re

20 12 P h.D . sch o la rsh ip , C en te r  o f  E x ce llen ce  on 
P e tro ch em ica l and  M a te ria ls  T ech n o lo g y , T h a ilan d

W ork  Experience:
2 0 1 2 -2 0 1 5 P ositio n : G rad u a te  R e se a rc h  A ssistan t 

In stitu tion : T he  P e tro leu m  and  P etroch em ical 
C o lleg e , C h u la lo n g k o m  U n iv e rs ity , 
T h a ilan d

15th -1 6 ,h M ay  2014 P ositio n : T eam  O rg a n iz e r  o f  the  A sia
P e tro ch em ica l Indu stry  C o n fe ren ce  
2 0 1 4  (A P IC  20 1 4 )
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Institu tion : P e tro ch em ica l In d u s try  C lu b , T he 
F ed e ra tio n  o f  T h a i In d u stries  and  
P E T R O M A T

2 0 1 1 Position : In te rn sh ip  S tu d e n t
C om pany : P T T  G C

Publications:
1. T a m iy a k u l, ร .; A n u tam jarik u n , ร .; and  Jo n g p a tiw u t. ร . (2 0 1 6 ) T he  e ffec t o f  G a

an d  Z n  o v e r  H Z S M -5  on  the tran sfo rm a tio n  o f  p a lm  fa tty  ac id  d is tilla te  (P F A D ) 
to  a ro m a tic s . C a ta ly s is  C o m m u n ica tio n s , 74 , 49 -5 4 .

2. T a m iy a k u l, ร .; U b o lch aro en , พ . ;  T u n g asm ita , D .A .; an d  Jo n g p a tiw u t, ร . (201 5) 
C o n v e rs io n  o f  g lycero l to  a rom atic  h y d ro ca rb o n s  o v e r  Z n -p ro m o ted  H Z S M -5 
c a ta ly s ts . C a ta ly s is  T o d ay , 256 , 32 5 -33 5 .

3. T a m iy a k u l, ร .; S oo kn o i, T .; L ob ban , L .L .; and  Jo n g p a tiw u t, ร ., G en era tio n  o f  
(Z n H 3)+ sp ec ie s  o v e r h y d ro g en -trea ted  Z n /H Z S M -5  ca ta ly s ts  for /7-pen tane  
a ro m a tiz a tio n . (T o  be sub m itted  to  Jo u rn a l o f  M o le c u la r  C a ta ly s is  A : C h em ical).

4. T am iy ak u l, ร .; an d  Jon gp atiw u t, ร ., Im p ro v ed  /7-p e n ta n e  co n v ers io n  a n d p -  
x y len e  se le c tiv ity  u sing  Z n (II) io n s /S ilic a lite -l c o a ted  o n  Z n /H Z S M -5  ca ta ly s ts  
(T o  be su b m itte d  to  C ata lysis  C o m m u n ica tio n s).

5. T am iy ak u l, ร .; P a th arak u l, c.; and  Jo n g p a tiw u t, ร ., T h e  e ffec ts  o f  m ix ed  M g O - 
A I2O 3 su p p o rts  in C u Z n O /M g O -A h C ^  ca ta ly s ts  fo r th e  se lec tiv e  h y d ro g en o ly s is  
o f  b io d iese l d e r iv ed  g lycerol (T o  b e  su b m itted  to  Jo u rn a l o f  M o lecu la r C a ta ly s is  
A : C h em ica l) .

Presentations:
1. T a m iy a k u l, ร .; A n u tam jarik u n , ร .; an d  Jo n g p a tiw u t. ร . (2 0 1 5 , M ay  14-15) T he  

e ffe c t o f  G a  an d  Z n ov er H Z S M -5 on  the  tra n s fo rm a tio n  o f  pa lm  fatty  acid  
d is tilla te  (P F A D ) to  arom atics. P o ste r p resen ted  at S o u th e a s t A s ia  C a ta ly sis  
C o n fe re n c e  2 0 1 5  (S A C C  2015), N a tio n a l U n iv e rs ity  o f  S in g ap o re , S in gapo re .

2. T a m iy a k u l, ร .; U b o lcharoen , พ . ;  T u n g asm ita , D .A .; an d  Jo n g p a tiw u t, ร . (201 4 , 
A u g u s t 2 3 -2 7 )  C o n v ersio n  o f  g ly cero l to  a ro m a tic  h y d ro c a rb o n s  o v e r Z n- 
p ro m o te d  H Z S M -5  cata lysts. P o s te r  p re sen ted  at 2 1 st In te rn a tio n a l C o n g ress  o f  
C h em ica l an d  P ro cess E n g in ee rin g  C H IS A  2 0 1 4 , P rag u e , C zech  R epub lic .
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