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" The APHA color measurement method measures the yellow hue in liquids in comparison to a platinum cobalt
reference solution

2 Brunauer—-Emmett-Teller (BET) theory aims to explain the physical adsorption of gas molecules on a solid surface
and serves as the basis for an important analysis technique for the measurement of the specific surface area of
materials. (104)
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4 impregnation

5 adsorption, ion-exchange

16 sol-gel: The sol-gel process involves the preparation of a precursor mix (a sol or a solution), which transforms into a
more solid-like material as a result of evaporation of the solvent, dehydration, and chemical cross-linking between the
solid particles or dissolved precursors. (106)

7 precipitation

8 hydrothermal treatment

19 solid fusion

20 carbon-microsphere-templating

21 Huang
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Catalyst Method  Surface area (m/g) Reactor type and reaction conditions %C glycerol %S (1,2PD)
Cu-Al,0, cp 57 Batch reactor 58 88
SF 127 20 wit% aq glycerol, 0.01 g/mL cat, 493K, 5.2 MPa H,, 5 h 5 74
Cu-Sio, M 386 (Cu) Batch reactor 83 9
PG 1989 80% aq glycerol, 453 K, 6 MPa, 4 g at, 12h 50 9%
Cu0-Zn0 0G 301 (Cu) Batch reactor 46 90
cp 16.7 140 mL pure glycerol, 473K, 3gcat, 5MPaH, 7h 17 87
Cu-Cry04 M 15.1 Batch reactor 32 41
Pre 193 50 g glyceral, 1 g cat, 8 MPa, 493 K 80 85
Cu0/Mg0 cp 26.2 Batch reactor 72 98
1M ND 75wt% aq glycerol 8.0 mL, 1.0 g cat, 3.0 MPa H,, 453 K, 20 h 30 93
Ru-Ti0, M 24 Batch reactor 31 59
cp 12 20 wit% aq glycerol, 6 MPa H,, 453 K, catalyst loading 6wtd of solution, 8 h 4 58
Cu-ZnO/ALOD; M 145 Flow reactor 100° 95°
P 182 80 wi% aq glyceral, 523K, 3.2 MPa Hy, 28 h™' 0° 76°
5G 175 76° 7%
Ni-Zn0 1M 5 Flow reactor 45 44
cp 1 10 wt% aq glycerol, W,=0.5 g, 508K, 3.1 MPa H,, 6 h a0 46
HT 24 84 50
a 32 88 55
Cu-ZnO/ALLO; 1M 5 Flow reactor 64 68
cp 75 80 wt% aq glyceral, 523K, 0.05h™", 0.1 MPa 86 85

“After 12 h on-stream.
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Reaction conditions Results
AA? AA®P
ACR AIR H,O SV Temp. Conv. select. vyield
Company Catalyst Composition (%) (%) (%) (h-1) (°C) (%) (%) (%)
TOSOH Mo-V/SiO, (Mo/V = 2-8) 8.0 440 48.0 3430 300 92.0 82.0 754
Rikagaku Res. Mo,V oAl Cu, /Al sponge 40 300 400 1000 320 984 976 9.0
Labs.
Toagosei Chem. Mo,;,V,As, /SiO, 5.1 385 51.7 1170 320 96.5 91.0 87.8
Industry
Nipon Kayaku Mo,.V. W, /SiO. 59 588 353 996 220 978 89.0 87.0
Mo,.V,Cu, (Fe, ,;Mn, Mg0.1P,, 28 242 73.0 2000 210 99.0 98.5 975
Celanese Mo,.V,;W, .Mn, 44 285 500 900 300 99.0 93.0 920
BASF Mo,,V.W.Fe, 3.1 275 43.0 1360 230 99.0 91.9 91.0
Nippon Shokubai Mo,.V, W, ,Cu. .S, /ALO, 40 510 450 3000 255 1000 975 975
7.0 48.0 45.0 3500 255 97.0 970 96.1
SOHIO Mo .V W, ,.Ce/SiO, 59 588 353 876 288 100.0 96.1 96.1
Sumitomo Mo,,V,Cu,Zn,/SiO, 5.0 400 550 1000 260 98.4 96.1 94.6
Chemical
Mitsubishi MO 50V20CUs 40 500 460 850 290 995 953 948
Petrochemical

3Acrylic acid selectivity.

PAcrylic acid yield.
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Catalysts for one or two-step propylene oxidation to acrylic acid

Company Catalyst components Feaction Temperatnre (‘C)  Prodnct
vield (%)

Nippon Sholmbai ~ Mo-Bi-Fe-W-Co-K-5i-0 Propvlens— acrolein 320 80.2

Ube Indnstries Mo-Bi-Fe-Co-V-K-0 Propvlens— acrolein 330 80.3

Nippon Kavala Mo-V-Co-Fe-Mn-Mg-P-0 Acrolein— acrylic acid 210 47.5

Nippon Sholmbai ~ Mo-V-W-Co-51-Al-0 Acrolein— acrylic acid 155 47.5

Nippon Sholmbai ~ Mo-W-Te-5n-Co-0 Propvlene— acrylic acid 350 fi5

Nippon Sholmbai ~ Nb-W-Co-Ni-Bi-Fe-Mn-5i-Z-0  Propyvleme—acrvlic acid 325
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Air cetic aci
Stoamm Light ends Tolupne
Absorption Water /J: 7
column Recycle
1 1eous
solution
@ Wastewater
First-stage —
oxidation Sec t?réd-lstage
reactor i oxidation
Acrolein reactor Acrylic acid (70%) Light Ends Azeotropic Crude Acrylic
solution Stripper & oy aﬁiﬂ acid
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. 1 Acrolein Crude Acrolein Acrylic acid Acrylic acid(70%)
ycerol
Distill ation — Distillation  Distillation
Fixed bed Reactor Fixed bed Reactor
Dvhdration Reaction Oxidation Reaction
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Cl, Na,Coz HOCI NaOH
Propylene(CsHg) — C3HsCl —— C3H5OH — C3H,0,Cl — Glycerin(C3HgO3)

Ton

Import of Glycerin(C3HgO3) = 12, 000— = Glycerin capacity
2% Glycerin = 12 oooTﬂcly x 1000kg , _Kmol 1o — 130,303 Glycerin
ton 92.093kg year

1 kmol NaOH « 39.99 Kg(NaOH) y 1Ton
1kmol Glycerin Kmol 1000 kg

Ton Kmol . Ton
?——NaOH = 130,303 ——Glycerin x =5,210 —— NaOH
year year year

C H,0,Cl = 130303 lC HO 1 kmol C3H702C1>< 110.53 Kg(C3H702Cl)>< 1 Ton 14, 420 C H.0.cl
G yea 893 X T emol C5Hg0; Kmol 1000 kg year 2 7%

H,0,Cl 144202 ¢ H,0,Cl 1000Kg 1 Kmol = 130, 462! ]c H,0,Cl
2D = yea ( 3H7 0.0 X = = X 11053 Kg(C;H,0,Cl) yea 2
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1 kmol HOCI 52.46 Kg HOCI 1Ton Ton
= 6,845—— HOCI

2100 ocn = 130,462 2% (10,01 x x x
'year( ) =130, year = 2> 7 Z ) 1 kmol C3H,0,Cl Kmol 1000Kg Year

1 kmol C;H;OH  46.06 KgC;H;OH 1 Ton

% _
1 kmol C;H,0,Cl Kmol 1000 Kg =6 000 C3H OoH

Ton
?—(c31-1 OH) = 130, 462 (c H,0,CI) x

) Ton (N c0,) = 130, 460 (C HLOH) X 1 kmol Na,C0;  105.98 Kg (Na,C0;) ~ 1Ton —13, 830 N co
year o 22tYs) = vea Tkmol C,H,OH Kmol 1000 Kg 32595
Kmol Ton 1000Kg 1 Kmol kmol

r (CoHsOH) = 6000 222 (CH;OH) = 1304602 CH;OH

X
Ton ~ 46.06 Kg(C;H;0H)

7 C,H, ) = 130,460 ! > (C5H50H) X 1 kmol G,HCl 76.52 Kg (CHsC1) 1Ton ~ 908020 - CHsCl
( sHsCh = year = > ° 1kmol C;H;OH Kmol 1000 Kg Year
HsCl 9982 (c HsCl) x 1000Kg 1 Kmol =130, 495! lc HsCl
)= 3 Ton ~ 76.52 Kg(CsHsCl) yea

1 kmol Cl, 709Kg(Cl,) 1Ton

Ton Ton
7_(012) = 130, 449 (C3H cn x =9,250 g O

1kmol C;H5Cl Kmol 1000 Kg
, Ton c 130, 449K (C HCl) x 1 kmol C;Hg « 42.07 Kg (C3Hg) « 1Ton — 5,490 10 Ton C H
year (CsHe) = 3 1kmol C;H;Cl Kmol 1000 Kg Year ¢
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5,761,350 $ 5,490 1,050 $ Olegy
5,988,000 $ 9,980 600 S (v-Chloropropylene)y), s LI
555,000 S 9,250 60S Ao
304,260 $ 13,830 22$ s orie
2,100,000 S 6,000 350$ Jsa i
8,214,000 6,845 1,200 $ (HOCl) sy S goum
27,398,000 $ 14,420 1,900 C3H,0,Cl
651,250 S 5,210 125$ KW SSRW W
10,800,000 $ 12,000 900 S Oyl

olog 5l el S ST 5

Catalys talys
Propylene ey Acrolein (C3H,0) L Acrylic acid(C3H,0,)

C3Hg + 0, —» C3H,0 + H,0

Propylene + Oxygen — Acrolein + Water
1

C3H6 + 502 4 C3H4_02

Acrolein + = 5 oxegen — Acrylic acid

ton

Import of (Acryhc acid) = 1, 200— = Acrylic acid Capacity
kmol ) . Ton . ) 1000 kg Kmol mol
? Acrylic acid = 1,200 —— Acrylic acid X X Acrylic acid = 16, 652 Acryllc acid
year year ton 72.06 kg
) Ton o _ 16652 .l 0.5 kmol Oxygen ~16Kg Oxygen =~ 1Ton 133 n o
year (OXvEEN) = ( 3402 X 2 TG, 0, Kmol 1000Kg > Year ~v&en
0 133 (O n) x 1000 Kgx 1 Kmol _ 8312kmol0
year ( xygen) = Xygen Ton 16 Kg(Oxygen) = year Xygen
7Ton C.ILOY = 8312Kmol o y 1 kmol C3H,0O 56.06 Kg C;H,O 1Ton n Acrolei
'year( 3H.0) =8, year (Oxygen) 1 kmol Oxygen Kmol 1000 Kg Year O



KmOlCHO 465 (CHO) « 1000Kg 1 Kmol —8294k lCHO
(CsH40) = 374 Ton = 56.06 Kg(C3H,0) year > %

;’; (CsHe) = 8,294 09 (C3H40) x
1 kmol Oxygen _ 16 kg Oxygen 1Ton Ton
1 kmol C3H,0 Kmol 1000 Kg - 2 Year Oxygen
1000 Kg 1 Kmol 8250 kmol o
H = X =8,
year year Ton 16 Kg(Oxygen ) year xygen

1 kmol Propylene 42.08 Kg Propylene 1 Ton Ton
7 —— Propylene

Ton Kmol
7— (P 1 =8,250—— (0 X =34
year( ropylene) year (Oxygen) 1 kmol Oxygen Kmol 1000 Kg Year

3y90 F-YA g ;5 oS ool oy dlge eud g 559 o) dlge ;I odel Cawsts pdlie wlilp 35 LiiSTy ol (ol L2iSTy lie am g5 b
Lol o lie

Olog 5 el SGL)ST 5 sl 035053 5 4l slge F-YF Jgan

(JUl y¥o)siosd o3 | (JW/ )i 3)) | (Ve Ve JlomyYo)usly cunid dge pb
364,350 $ 347 1,050% i
39,600 § 132 300 $ s
744,000 $ 465 1,600% s
39,900 $ 133 300$ OS]
1,920,000 $ 1,200 1,600 S Sl S 51
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Acrylic acid(C3H,0,) Naof SAP

Acrylic acid + sodium hydroxide — Sodium Acrylate + water — SAP
C3H40; + NaOH — C3H3NaO, + H,0 — SAP

Ton

Import of (SAP) = 51, 000 —— = Sodium Acrylate capacity
7%sod1um acrylate = 51, 000—sod1um acrylate x M X 9?:;10}1 sodium acrylate = 542, 322 kmol sodlum acrylate
7-2% NaOH = 542, 3227 09 Sodium acrylate x ——<oe S0 3999 Kg(NaOH) , 1Ton_ _ 51,690 Tﬂ NaOH
yea 1 Kmol sodium acrylate Kmol 1000 kg
1000 Kg 1 Kmol mol
= 542, 385 NaOH

X
Ton 39.99 Kg(NaOH )

Kmol 1 kmol Acrylicacid _, 72.06 Kg Acrylic acid 1 Ton

— (NaOH) x
1 kmol NaOH Kmol 1000 Kg

7—(Acry11c acid) = 542,385 T2 = 39,100 > Acrylic acid

Aol Sl 5151 O gyt (sla 035,89 adglolge FYD g

(Jll Vo) o 25) (Wl c5) 39 25 (V¥ Jlmy¥o)asly o dlge pb
64,432,000 $ 39,100+1,200 1,600 $ Sl Sy 1
2,712,000 $ 21,690 125 % S g)deh e
86,700,000 $ 51,000 1,700 $ SAP

i0kgn 51 JoSoM gy s

HOCl
Propylene(C3;Hg) — C3H,0Cl = C3HgO — Propylene glycol (C3HgO,)

FA



Ton
Import of (Propylene Glycol) = 10, OOO}E = Propylene Glycol capacity

kmol 1000 kg Kmol kmol
— (CsH50,) = 10, 000y—(C3H802) o X 7605 kg (CaMa02) = 131,423 =0 CoHy0,
) Ton C.H.O = 131, 423 lC H.0 1kmol C3HsO0  58.08 Kg(C3Hs0) 1Ton 633 Ton C.H.O
“year 267 T year ° 8 2 X TKmol C3HgO, Kmol 1000kg ' “year 3¢
7509 (C3He0) = 7, 633 2 o0 (C3H}g0) x 1 5;‘(‘;:11 (CsHg0) = 131,422 5 KL C3H}g0

7T C,H, 001 = 1314221( lC H.0 x 1 kmol C3H,0Cl = 94.54 Kg(C3H,0C) ~ 1Ton 12 420 Ton C.H-0Cl
year ° - year > °© 1 Kmol C3H40 Kmol 1000kg = year > 7
kmol Ton 1000 kg Kmol

kmol
— (C3H,0C) = 12, 420y—(C3H ,0Cl) (CsH,0CD) = 131,422 —— Sea —-CsH,0Cl

ton 9454 kg

) Ton HOCI = 131, 422 lC H.0Cl x 1 kmol HOCI 52.46 Kg(HOCI) 1 Ton — 6.890 Ton Hoal
year B year ° 7 1 Kmol C3H,0Cl Kmol 1000kg ~ year
7To CoH 131422 lC H.0 x 1 kmol C3Hs 42.06Kg(C3Heg)  1Ton 520 Ton C.H
year > ¢ year > © 7 1 Kmol C3HsO Kmol 1000kg 7" year 36
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5,796,000 $ 5,520 1,050 $ olion
13,662,000 $ 12,420 1,100 $ oS s9kn o
8,268,000 $ 6,890 1,200 $ sy IS g
8,396,300 $ 7,633 1,100 $ 2L
26,400,000 $ 10,000 2,640 U5 Sl
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Tallow + 3 water — Glycerin + 3 Fatty acid

Ton
Import of (Glycerin) = 12, oooﬁ = Glycerin capacity

7 kmol (Glycerln) =12 OOOTﬂ(Glycerm) X 1000nkg X 91[;21301( (Glycerin) = 131, 733 kmol —water

) Ton (Water) = 131,733 Kmol al o 3 kmol water 9 18.01 Kg(water) y 1Ton 7117 Ton ¢

" year arer = ’ year YT X T Kmol Glycerin Kmol 1000kg ~ "’ year water
) Ton call 131733 Kmol al o 1 kmol Tallow 9 850.91 Kg(tallow) 9 1Ton 112 Ton Tall

' year( allow) = ’ year yeern <7 Kmol Glycerin Kmol 1000 kg year atlow

. glycerin 1 ton ton .
ratio ———— == - 12,000——Gly X 3 = 36,000 ——Fatty acid
fatty acid 3 year year

2 ok il oy sl g cp S Ag
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Chlorine=9,250 tiyr
Sodium Carbonate=13,830 t/yr

Hypochlorous acid=6,895 t/vr

Sodium Hydroxide=5,210 tiyr

propylene=5.490 tvr f G ]

’ lycerin Glycerin=12,000 ton/vear

Oxygen=265 t'yr

propylene= Propylene=347+22 810=

y 23157 tiv [ 1 = fr
34.170 tyr 23.157 tiye Acrylic acid Acrylic acid=40.300 tyr Acrylic acid=1,200 ton/year

Sodium Hydroxide=21.690 t/yr

Acrylic acid=39,100 tiyr

I ul r SAD SAP=51.000 ton/vear
vpochlorous

acid=6,890 t'vr —_—

j—‘;\
Propylene Glycol P.G=10,000 ton/year

Propylene=3,520 t'vr '|\ J

014)9)) 4:]9] I U"’L",‘)J 0)92.’@ Ju.> J.>‘9 \‘—\‘VJiw

2 39903 3l (el W5 (gla 03,9])8 g adgl dlge S35 55l 9 Curd F-FY Jgao
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22,400 $ 112 200 % N
— 7,117 - q
10,800,000 S 12,000 900 $ O peanedS
54,000,000 S 36,000 1,500 S Oy Sl
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Glycerin — Acrolein — Acrylic acid

C3HgO3 - C,H,0 + 2 H,0

C2H40 + 02 - C3H402

Ton
Import of (Acrylic acid) = 1,200 year = Acrylic acid capacity

KOl crylic acid) = 1,170 2% (Acrylic acid) x — 200 K8 _Kmol -\ - lic acid) = 16,6522 Acrylic acid

?Sear crylic acid) = 1, Jear crylic aci on 72.06 kg crylic acid) = 16, Jear crylic aci

) Ton Acrolein = 16.652 KmolA lic acid 1 kmol Acrolein o 56.06 Kg(Acrolein) y 1Ton 933 Ton Acrolei
“YearCTOM = 2 year e add X T Kmol Acrylic acid Kmol 1000 kg ear roem



kmo Ton

(Acrolem) = 933—(Acrole1n) X —=

Ton Km
7—(Oxygen) = 16,642 yea

Ton . Kmol
?—— (Glycerin) = 16,642
year year

ol
Oxygen X

Acrolein X

1 kmol Glycerin

92.093 Kg(Glycerin)

1000 kg Kmol (Acrolein) = 16, 642 kmol Acrolem
56.06 kg
0.5 kmol Oxygen _ 16 Kg(Oxygen) = 1Ton n o
1 Kmol Acrolein Kmol 1000 kg year xygen

1 Kmol Acrolein

Kmol

Ton .
=1,532—— Glycerin
g year

Cp el 31 dnnl S STudg5 (gl 0359148 g gl dlge (S59 4055 9 Cuod F=FY g

(el Vo) 53 | (Wle)siy i | (VY Jlum,¥o)sly cad Sge ol
1,378,800 $ 1,532 900 $ OyslS
1,492,000 $ 933 1,600 $ daS]

39,900 $ 133 300 $ ]
1,920,000 $ 1,200 1600 $ sl S, 5]

Aol S ST 51 sy QI g it
Acrylic acid — SAP

Acrylic acid + sodium hydroxide — Sodium Acrylate + water — SAP
Ton

I t of (SAP) = 51,000 —— = SAP it

mport of (SAP) year capacity

k 1000 kg Kmol kmol |
) =51 000—(SA ) X X (SAP) = 542,322 sodium acrylate
ton 94.4 year
5 Ton NaOH = 542 322 Kmol Sodi late X 1 kmol NaOH 39.99 Kg(NaOH) 1 Ton
" year abi = ’ year odium acrylate X T Kmol sodium acrylate Kmol 1000 kg
Ton
= 21,690 —— NaOH
year
) Ton Sodium hvdroxide = 542.322 Kmol SAP x 1 kmol Acrylic acid  72.06 Kg(Acrylicacid) 1 Ton
" year odium Rydroxide = ’ year 1 Kmol SAP Kmol 1000 kg

Ton . A
= 39,100 —— Acrylic acid
year

Sl S ST 51 pardy 3l pygmr (sl 039148 5 adgl Slge (S35 53] 9 Cuod F-FY o>

(JWl o) esd 559 (JW/ )39 359 (V¥ JlomyYo)asly csd g pb
2,880 $ 39,100 1,600 $ sl S 81
2,711,250 $ 21,690 125$ IRV
86,700,000 $ 51,000 1,700 $ SAP
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Glycerin — Acetol = Propylene Glycol

Ton
Import of (Propylene Glycol) = 10, OOO}E = Propylene Glycol capacity

1000 kg y Kmol
ton 76.09 kg

(Propylene Glycol)

kmol
=131, 4-23 Propylene Glycol

\A



) Ton Acetol = 131423 Kmol P lene Glveol 1 kmol Acetol 9 74.08 Kg(Acetol) 9 1 Ton
" year cetor= ’ year FopyIene My eol = 1 Kmol Propylene Glycol Kmol 1000 kg
Ton
=9,735 —— Acetol
year
kmol Ton 1000 kg Kmol kmol
(Acetol) = 9,735 —— (Acetol) x X (Acetol) = 131,411 Acetol
year year ton 74.08 kg year

) Ton (Heyd ) = 131411 KmolA lein x 1 kmol Hydrogen 2 Kg(Hydrogen) ~1Ton 2 Ton hvd

" year eycrogen) = ’ year O = T Kmol Acrolein Kmol 1000kg year ydrogen
) Ton @l in) = 131411 KmolA tol x 1 kmol Glycerin _ 92.093 Kg(Glycerin) ~ 1Ton 12 100 Ton al .

" year yeerin) = ’ year et X T Kmol Acrolein Kmol 1000kg ~ ' year ycerin

CpyedS 51 JgSOMS gy sl 039158 g adgl dlge (S35 (18] 9 Cuosd FFY Jouo

(ol o) 33 | (el c)osss i) (¥ Jlr Yo)sly can g
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208,300 $ 262 795 $ isred
26,400,000 $ 10,000 2,640 $ U g
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Tallow=112 t'vr

Sodium Hydroxide=21,690 t'yr

+ Fatty acid=19,800 ton/vear

AA=39100 t'yr SAP=51.000
Acrylic acid SAP '—» ton/year

» Acrylic acid=1,200 ton/vear

Glycerin&Fatty acid AA=10.300 tiyr,
Glycerin=51,500 t'vr
S
Hydrogen=262 t'vr
Glycerin

..

Glycerin=24,100 t'vr

Glyeerin=12,100 t'yr

—

ropylene Glycol

»  Glycerin=12.000 ton'year

PG=10.000 ton/year
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Absbstract

Annually, about 9 millonand 736 Thousand tons of chemicals equivalent to 14 milliard dollars are
imported into the country. The purpose of this project is to review import statistics and propose the
construction of a multi-purpose unit or chemical park for covering the import requirements. In the
second chapter, 10-year statistics on chemical imports were reviewed. Materials that were
imported each year and had a high weight and price were selected. Glycerin, stearic acid, palmitic
acid, propylene glycol and acrylic acid were introduced as selected chemicals for further analysis.
Chapter 3 reviews the production processes of these materials. The processes of hydrolysis and
ester exchange for the production of glycerin, dehydration of glycerin and oxidation of propylene
for the production of acrylic acid and the reaction of conversion of glycerol to propylene glycol and
the process of conversion of propylene oxide to propylene glycol for the production of propylene
glycol have been reviewed. In the fourth chapter, the general framework of two chemical parks
based on propylene and fat (Tallow) is introduced. Also, although the chemical of super absorbent
polymer is not one of the top 10 materials in terms of price or weight, but because it is one of the
imported products of acrylic acid, it has been included in the design of the park. The "profit margin"
profitability criterion is also introduced for the preliminary economic analysis. Finally, the fifth
chapter states the final result.
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