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Cooperative Title: Substitution of Natural Gas by Tail Gas from Olefin Plant
at Hot Oil Furnaces in PTA Production

Student intern name: Mr. Ronnachai Seneesrisakul

Faculty: Engineering Department: Chemical Engineering
Advisor: Asst. Prof. Dr. Thachanan Samanmulya
Co-Adyvisor: Assoc. Prof. Dr. Anchaleeporn Waritswat Lothongkum
Mentors: 1. Mr. Khanaet Phaetmaneethawesin Technical Engineering
2. Mr. Thitiwat Tiraratchakul Technical Engineering
Company: GC-M PTA Co., Ltd.
Abstract

Circular economy is new sustainability optimism in terms of maximization of resource
utilization, waste and unnecessary costs reduction. This cooperative education collaborated with
the GC-M PTA Co., Ltd., a company in PTT Global Chemical Public Co., Ltd. group. This
project is a feasibility study on substitution of natural gas by tail gas, a by-product from olefin
plant of the alliance companies, at hot oil furnaces in Purified Terephthalic Acid (PTA)
production. The scope of works includes 1) compare the compositions and properties of tail gas
with natural gas; 2) calculate tail gas flow rate and pressure in pipeline from the olefin plant to
PTA plant by material and energy balances; check the regression analysis and hydraulic
calculations; 3) study the plausible adverse effects in case using tail gas at hot oil furnaces;
4) study tail gas header and other equipment or instruments, if needed; and 5) economic
evaluation. It was found that the compositions, properties, flow rate and pressure of tail gas in the
pipeline were appropriate for using at the hot oil furnaces in the PTA plant. The concerning issues
associated with corrosion, decarburization and hydrogen attack at high temperature as they can
damage the equipment. Carbon steel pipe (6-inch ID and Sch. No. 40) about 1.7 km in length

from the tie-in point to the PTA plant is recommended. A tail gas header and tail gas holders are

I



required. The estimated investment cost is about 8 MTHB. The net benefit from this project is
approx. 1 MTHB/year at the internal rate of return (IRR) of 7.5% in 20 years. Based on the
company’s criteria, it is not viable for the company to invest but it may be worth to the PTT

Global Chemical Public Co., Ltd. group.

Keywords: PTA production, Hot oil furnace, Natural gas, Tail gas.
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211 anudereainlalasnuiguygiigs (High Temperature Hydrogen Attack: HTHA)
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Preheater 1111 ganglvesaisazals CTA azawnaailuieenduiigungi 286.7 °C uaz
a %’ 9 A
guNgiueIFouanaanan 270 °C
4’! v A %;l v 9 4' a [ -
e 1. teuviatvesthiuioungumgil 270 °C tMIAY 164.03 keal/kg
2. teuvialuesansuvIuaveTigunfil 286.7 °C MR 301.35 keal/kg
LY d' EY a & 1w
3. wasnunl¥lumsinanan vesa1sazats CTA (M1nU 3,183,920 keal/h

a a a 9 s 1 Jd < 4
4, ﬂigﬁﬂﬁﬂ']wt%ﬂﬂ'nlﬁﬂu"llﬂﬁ Preheater YA11N1 79.81 L‘lJE)iLﬁlquI

Q+W - dolw Al(H =02 zg)ml
dt 5
nm(h2 —h1)Hot oil = mthy =h)eTA

(189.74 —164.03)(0.7981)

3,183,920 + (180x 1000 x (301.35 — 252))
m = 588 ton/h
wennnidaldlumisslfiiamsuazgnsalaieg Bnanuedszanas 70 ton/h tazdl

ol i A A s o o Y 9 &
e (By-pass) ﬁ?ﬁiﬂi‘]ﬂWNLﬂM@ﬂﬂizM?ﬂ! 10 Lﬂﬂil“ﬁuﬁﬂ]@ﬂ@ﬂiWﬂWSVlﬂﬁuL!ﬁ'f]u‘ﬂﬂﬁﬂﬂ

v
v v o

Y
muuamwmi'l‘wammﬁmu%’aummu 720 ton/h

%4

1.4 MIMUINOAIINSI InaveamasssumanmilrnanuIouumisiuion

v

o o o ad v ) i v v
mimmmam31m'5'114asu'echnﬁﬁmﬂssmmﬂwmmaauuﬂumuieu ﬁ'liﬂifl‘ﬁ"lvlﬂ

o = Y} v 1Y ooy Y ~ e
%WﬂﬂqiﬂﬁWﬁQQ']uVILG]']GLWﬂ')'llli@llllﬂﬂ”lllﬂi@uvlﬂﬂ’]llﬁuﬂﬂlﬁw 2.3 ANAIDYINN 4

o

) VoA v v VY y v ad A a Ay ) =
I8N 4 Lﬂ?iﬁﬂ??ui@uuﬂu’l u5'E]uGL‘]!ﬂ']“]fﬁiiﬂJﬂﬂﬁlﬂu!%'ﬂlWﬁﬁIﬂUiJﬂ"Iﬂ'J'liJﬁ@uqﬂ‘ﬁ

Yy

8,071 keal/m’ Anuounnl§asernisw IndfrzgaarsTeugiiufouisnsinis Ina 720

a a a 13 =2
ton/h HAZRMUUNN 276 °C IUNRUNHUFIVUD 313 °C
A v A so‘ v 9 A a 1w
¥\)3) I Lﬂuﬂaﬂmaduwuusaumqmwgu 313 °C imnNU 189.4 kecal/kg

oe
b

@ C

2. teuviatlueahiudeungumail 276 °C AU 167.31 keal/kg

Y
3 dszansmumaw ludveuarldaudouuniiudowmny 97.5

-~ 4
1Woesigua
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Q+W = mmmﬂ%uz +2g)m] g

dt
nV(LHY) = m(hp —hy)
8,071(V)(0.975) = 720x1,000% (189.4—167.31)
Vil = 2,024 Nm’/h

1.5 MIMUIMONIINS IHiave4 Tail Gas 10153 ulaaWuNFunumasssuv1nly

v
v Y

% % T o
imlvinnudeuunminiudou
A 5 o ad 9 9 v ¥ o o
Wens1wonsin lavesmasssumana ldanusouuniniudouaiunsamuin
[ a 4 [ a 1
731715 1112V Tail Gas 910 153U Totadlun ldunudiasssusialum ldanudounn

ooy yy 1 9 a ["d o ~ v o ' d'
‘LﬂiJ‘Niﬂull@lﬂﬁﬂﬂ'lﬂ’l'lﬁJi’é]HQVIﬁ‘lli’J\‘iﬂ'l“]ﬁ/Nﬁ@Q AMUTUNITN 3.1 ANAIDYNNN 5

frethadt 5 1 I¥anuZeunminiuZoulunszuiumsnan PTA deamsunusasins lna
YDIRBTITUTIATAIANUTDUMIANY 8,071 keal/m'uazHien51n15 11a 1,916 Nm*/h a2e
Tail gas imanudoumiiny 7,324 kcal/m’
(LHV x Q)natural = (LHV x Q)tail
(8,071x1,916) 7,324x (Q)tail

Qtail — 2111 Nm/h

2. msmuaatlansedn (Hydraulic Calculation)

2.1 M3MUIM Mach number

a 5 1 a A o o ]
MINTINADUYHAVDL IMavea Tail gas Molunennlssauleaiuiinnuiuiude
A ~ Y ° [ 1 = 9

mstonaunsnlglunsmuInn1uaun1elune FIa1U150A59T0UAWAUNITVDY
Mach number 31NANA1TN 2.6 AIAI08197 6
LY \ d' 5 [l ' a 9 < @ 1w
A208131 6 Tail gas 9NAINIUNDIN 153910 ToIaT HAIBAINIG D 8.58 m/s ANWAUIIND 2.94
MPa gt il 25 °C 1A TanunuumIAY 17.88 kg/m' 1ife oAsIdIUTZHIEAINNY

y ° = o ~ J 9 ° = = [
ﬂfJ'lﬂJiﬂui]’]L‘W'I%Vlﬂ’ﬂllﬂ‘L!ﬂQV]LLﬁ%ﬂ']ﬂ'J'llli'ﬂuﬂ?LWW%VI‘lEM']ﬂiﬂQV] (y) mnu 1.3
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2

Ma2 = et
yP
) 17.8x (8.58)2
Ma =

1.3(2.94x1,000)

Ma = 0.59

A ' v a A ' - =2 g

1119991AA1 Ma YB3 Tail gas 310 159974 TotaAuiA141AN31 0.2 Tail gas 30iluveslva
[ Y 9y o g’; ) 1Y 1 A a = a

wUeaal 18 aaiuMsmulIanNNAUN18luNeYeq Tail gas 910 loaWUDINTEUIUMITHAA

PTA 93t8on1¥auns Isothermal friction flow

o % )\l 1 - a d' a
2.2 MsmuaNuaumMeluneds Tail Gas m1nlsenulealuinnnszurumsnan
PTA
AUITDAIUIUNIANNAUN1 I UN O Tail gas 910 15997 TotaWl uu1nnszuIu
MINAN PTA A288UNT Isothermal friction flow MUTNAITN 2.7 AIAIDE19N 7
U ' d’ a ' % 9 (Y ' 3
Yee1ah 7 159911 Totafl uaa Tail gas A280AIINTT b1 2,550 keg/h AUNUIUY 17.8 kg/m
~ @ a 9 1 d 9 I 9 1 o Qy
N2 WAY 30 atm HAZYUUNT 25 °C AIYNDIMANNAINITUDUVUIALTUHIUGUINA 6 17
A71E17 1,700 m
" : =y
Wo 1. w7aluanaved Tail gas 9101599710 TeaWuminy 15.6 g/mol
A
2. ANUTHA 0.1 cP
1 a ] [ 4 1w
3. 1IA1ANUNIILVBIRINBIMANAAIAS LVOUINY 0.00045 m
=
auuAgIY
1. hisuraanuauanauiiesnnnsn)dsuulainiugs
1o @ A d 1 1 9 1 9
2. lisuanuauanauiionngnsaiaie 15y oo 9030
° s 1 1 v =
1) N15AUIUANNEINGTUNOVYDY Tail gas AWANNITN 3.2
Q

u = e
A
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250l
7(0.154)> 3,600

17.78 x

2.14 m/s

2) M3AUI Reynold number AIuaun1sh 3.3

pud
u

17.8(2.14)(0.154)
0.00001

Re =

= 586,616

3) N13A11IU Fanning friction Tagld Moody’s diagram Glmg‘ﬂﬁ n.1

01

LT TN ! HHH T It
oo [T b [LTINIE T EEEHHIEH
[NLaminae | zone | Transition, 7 IREIIIINA | O I
0.08 = flow sf=epepoy et s G turbulent rex
iy T ;1%?’;"" Y i et
007 s :_1-» pat ot ;
b N ~—
006 |1+ ( : HIET L }
b \ TP
B PR
005 - i st iiinss
F - = — 0015
0os e X Hoor
AU IR N 0008 =|Q
e, L\ 1 0.029 H
1 Z ( " g
003 i E
F o :
ooz i R i i
it R 3 T 002 2
181 HH i K
002 |+ i DL SR 2z st 0001 &
it TS 22 ———- 0.0008
+ | o & = 0.0006
1 1 1 t
. i - = hay T 00004
OO T T T (0 i
1T Riveted steet ~001 Sy 1y 0.0002
I~ Concrete ~0.001-0.01 0. & K
ot Wood ~0.001 0. t 0.0001
WL castieon 000085 0 (
I Galvanized iron 0.0005 0. pipd 0.000,05
001 f4-r-+- Wrought iron 0.00015 [
ocoa 1111 Drawn wing 0.000005 0 ™
st 1] THHIT T s 1]
ooe it T I S 000001
-8 2 3 456709 2 3 456209 2 3 456679 2 3 4567 9 3 4567 9
10° 10t 10° 10° 107 10?

Reynolds number Re

317 0.1 699619M3A11IN Friction factor
€

1309 Re A1 2,0561,458 uag = 0.0045 9216

f = 0.029
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o g a p {
4) MIANUIUANIULIULBINIAVUDY Tail gas ﬁ?ﬁlﬁﬂﬂ'ﬁ‘ﬁ 34

G =
A
. 2550 1
7(0.154)2 3,600
4

= 38.03kg/m’s

5) MIAUIUSAN 18ATOANVDIND

el lansednveane n1ldvindasidiuvesnnuensousiusanthdase

A A Y o o [ 1 ° 9 ~
NWUNTUINA 'Iﬁiﬂﬂﬁ)gﬂﬂiﬁﬂﬁhﬁ'lﬂﬁﬂﬂnnﬂ!ulﬂﬁ]'lﬂ?mﬂﬁ‘ﬂ 3.5

6) N1TAIUIUAIINAUNGIUN DTS Tail gas 910 1599711 ToraWuuih

ATTUIUMIHAN PTA A20aun1sn 2.7

GZRT . D f(ly 1.)

2 2 o —a
P4 —Pb = M [21nPb + = ]
2
302 —P2 = (38.03)(0.08206)(25+273.15) 5 [21112 . 0.029(1,700)]
b 15.6x101,325 Py 0.0385
Py = 29.9 atm

3. MsmuIAUYININIVe4 Tail Gas Holders

v

v i %I 5 1
U311A5U09 Tail gas holder a1 1 Auounnyniuseuansadiuin ldanaumsn

3.6 A9A0E19N 8
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(Y} § i o a [ (2] 1
fmeeaf 8 i 1vanufenuniniudeusuiudedldanuduvesmsniolune 2 kgem’ G
aa Y 9 1 %’ o o o Y
M5 19 Tail gas 11159911 ToAluunuMasssumnanea linnudeunniniudeusuiludes
a w » 4'1 1 ] a A 1 d‘ (2 @ 9y ~
AnAY Tail gas holder toea Ay luuiueuveslSuangndwaziesnuinnudauliad
) o 1w [
Tageusonaunu laiunat 25 s 605113 1Maved Tail gas 10U 2,111 Nm¥/h iaganuau

1o A A 12 o dy a 2
ﬂ'lf.lclu'ﬂ'f)ﬂ']VIflﬂLﬂJE]vliﬂJﬂ'lclﬂ%E]LWﬁQ 0.1 kg/cm™ G

Brmien

@
| Pl

E

§

E

E

E

8 kg/cm2 G

2FCV

[

0.1 kg/em’ G 7 0.1 kg/em®’ G

Lo
Check valve 1

2PCV2

Tail gas holder

ts' @ 1 a wa g = Y 9 v 3
E‘IJ‘YI 1.2 G]'J@EJ'Nﬂ'Ii"JJ;]UﬂQ']u"U@Q Tail gas holders e ldanudeuuniingus au

Qt(P —Py)
P3
2,111(25)2-0.1)
8% 3600

3

= 3.5m
° d Y 1 a b4 v 1% v b
4. msmafntm‘um‘smamsum’nmmuﬂmmzwmmmmmﬁmﬂﬂﬁmmsammummeu

4.1 ﬂ1§ﬂ1u3mlﬂ®5lcﬁuﬂﬂ15!‘1.]9]‘UEN313’3ﬂ3ﬂﬂ3~l1’l!ﬂﬂﬁﬂ'ﬂ%~li®uu iy U‘H U

-4 N 3 ° P P~ o o oA
Lﬂ@il“]fuﬂﬂ']SL‘ﬂﬂ"IJ?N’)Tﬁ'ﬁﬁnﬂ‘iﬂﬂ'IU’JiuVlﬂ"l]'lﬂﬁiJﬂﬁ“V] 3.7 LIag 3.8 ANAIDYINN 9
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(v 1 d’ [7J a 1 d o A Y 9 ' ?:’ v 9 °
AVUIAN 9 fﬂ”lf“ﬁﬁﬁll‘])"m‘lﬁﬁN"I‘L!'N'ﬁ'Jﬂ’J‘UﬂiJﬂ’J']?Jﬂu‘Vlm'lnlﬁﬂ’.)'lwi'ﬂullﬂu"llluiﬂu Ml

e

ANAUAADIDIA 8 kg/em® G 111 ADINEN 2 kg/em’ G AI8OATINTT 11D 1,904 m'/h Neumgil
250
do 1. AIAMUETUNIZVOIMFTTTUTIANINY 0.6448
2.1 C, selected YDINAMILAUANUAUTAWNINY 44
1) MIfmuIalL C, Aeaunsh 3.7 uaz 3.8
& 4 P
idonaunsf 3.6 1199910 AP > ?lfuz"lcf\'
C o Q./SG xT¢
¥ 249P
_ 1,663(,J0.6448 % (25 +273)
249(8)
S iy
2) MIAUI C, value (%)
[} CV
Cy value (/o) = —————x100
Cyselected
11.
= o7 x100
44
= 26.3 %

o a d @ @ J
3) ﬂ']iﬂ']ujmﬂ'ﬁlﬂﬂﬂl@\‘i'ﬂﬁ’lﬂ’)ﬂﬂuﬂa']uﬂuﬁjUﬂSWWﬂmaﬂEmgmaqj’]aj
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M lianudeunniinfidon (Yamatake Honeywell Co., Ltd., 1997)

diginy a ¢ o A ) ) 1Y ke " o
wesiFudmsitlaveanarnuguanuauimldnnudeuuntiniuiewmny 62%

4.2 M3AUIY Damper position VaaaamthamaimIvianadeuuniiniuiou

1 { 1 ’Q‘ 7
A3A1UI9 Damper position Vaawaauihomanm lvanudeunniniudouainsa

o Y v v ] A
ﬂ’]ujmllﬂ%']ﬂﬂﬁ]wﬂuiiﬂugﬂ\‘]ﬁjaﬂ’mﬂ 10

&

Ui e WY ! Y v ¥ v ¥ v v g
398191 10 ﬂiﬂTﬁgﬂLﬂWﬂ’JUWﬂﬁiJLIhE]']ﬂ'IﬁL"U'ILG]ﬂWﬂﬂiJ‘i’E)‘L!LLﬂ’L!'] UIDUAIYAITNLT I

400 m/min teomarusinanhemerhliinannuauan 250 mmAq
917131 @550 UEWUI1 Damper position vouiaau 10 ARm IR AT ouLn

LY

¥ \ o a a o 1 Qo o v 1 o Qo {
udeuiiiy 41% dszanmsshaumny 61% uagmas IWiiiny 34 kw degili n.3
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4 e
M Ianudouuniniion (GC-M PTA Co., Ltd., 2001)

S. MImuIuens INanoUuNUMa ]y

a Ui Be -4 a 9 o
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6120819M I NATIZT

¢
1. mﬁmﬂzﬁmsﬂﬂaammummm

(2

a d Y 2 ASad zg

AMsAATIZRMIoAnDEIUUNY M 19 1151n51 Microsoft office excel 1agiInAl
£y Ay a d [

1) nsondoyafiaoinisdnsizinsoanesuuunygaaslullsunsulasutsdus

I o a ' o % %
@y 2 wuv fe dwdsdase (X) awnsadilaunnat 1 dawtls uazaaulsain (Y) iies 1 @2

Y ]
walsimiu degi w1

Y X1 X2 X3

5 1 3 6
10 2 6 20
15 3 9 7
20 4 12 9
25 5 15 0
30 6 18 5
35 7 21 g
40 8 24 6
45 9 27 5
50, 10 30 1

3 @ 1 o [ a J a
51 2.1 dredamsnsendoyadmiumsinssimsoanouFuduuUUNY g

a1 1151151 Microsoft office excel

A o o a '3 A v :
2) lﬂ@ﬂﬂ’]ﬂ\‘]ﬂ’lijlﬂi’wﬁﬂTﬁﬂﬂﬂ@ﬂIﬂU \’lﬂ‘VILJJH "U'ﬂHﬁ (Data) --> Data analysis -->

~ v =
Regression ﬂdgﬂ“ﬂ 9.2
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2Analysis Tools

Histogram ~
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L
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o o3 ' Il [ {
Hldsunsuznaaaradnsyumlundiaialvg Sheet Asgiin v.4

Regression Statistics
Multiple R 3
R Square 1
Adjusted R Square | 0.857142857
Standard Error 1.31075E-15
Observations 10
ANOVA !
af 58 Ms £ Significance F

Regression 3 12062.5 687.5! 6.00239E+32  8.09219E-98
Residual 7. 1,20265E-29. 1.71807E-30
Total 10 2062.5

Coefficients | Standard Error t Stat P-value Lower 95% | Upper 95%  Lower 95.0% | Upper 95.0%
Intercept 6.0004E-16  1.41954E-15 0.422701147: 0.685195173 -2.75663E-15 3.95672E-15: -2.75663E-15 3.95672E-15
X Variable 1 0 0 65535 #FNUM! 0 0 0 0
X Variable 2 1666666667 5.60927E-17, 2.97127E+16.  #NUM! 1666666667 1.666666667; 1.666666667 1.666666667
X Variable 3 -8.95583E-17! 9.33483E-17 -0.959398886: 0.369315144 -3.10292E-16! 1.31175E-16! -3.10292E-16' 1.31175E-16

] { §
d‘ % ] v d a d Yy a
31.'7] U.4 AIDYNHAANTUDINTUATICVINITOADNDYLA UG VLW AU

d o o {
2. M5IRTITHOATIMSNANTOUTIQUHANGY
a 4 [y \ a o A a t4 b4 v
2.1 MIANEHEMINANIaUVRIRNT It UNgunNgImalumItanuTeua e
: v Y
Wiusen
@ @ ' a o Y y 9y 3 o ow a 4
onsIMsnansouveIeenFaruae e lnanuseud s uTeUNINTAAATIEH
1Ad0317 2.6 Assr06199 1
o 1 a &)y g, g Yy a v P
faeenadi 1 gunigil Tangveumnanndmsvenuazmannd luidluatumelumlianuion

o
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Corrosion rate (mpy)
Maximum metal temperature (°C)
Material of construction
482-570  511-538  539-566  567-593 594-621 622-649  650-677

CS 2 4 6 9 14 22 33
1.25Cr 2 3 4 U 12 18 30
2.25Cr 1 1 2 4 9 14 24
5Cr 1 1 1 2 4 6 15
7 Cr 1 1 1 1 1 2 3
9Cr 1 1 1 1 1 1 1
12 Cr 1 1 1 1 1 1 1
304 SS 1 1 1 1 1 1 1
309 SS 1 1 1 1 1 1 1
310SS/HK 1 1 1 1 1 1 1
800 H/HP 1 1 1 1 1 1 1

Y @ ' a d o @ 1 a o < 4
‘ljﬁ .5 maﬂNmﬂmiwwammh’ﬂﬂﬂ‘iauSUmaaﬂmﬂ%ummmaﬂﬂﬁﬁmiuau
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A a ) ] 13 ooy
NYUNHY 375°C T ldanudeuuniinivion
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i’)ﬁi"lﬂﬁﬂﬂﬂi’ﬁ)Ll"U’tNmﬁﬂﬂﬁWﬂﬁUi’)uua‘&’maﬂﬂﬁfliJL‘lJuﬁ’uimi‘]mﬁQMIﬁﬁ% 375°C

a9 1 [ g’; =1 1 a a 9
UMUBDYNI 1 mpy ﬁﬂl.l‘uleUbJ’c‘HJJ"Iiﬂlﬂﬂﬂ’cl'lll!,ﬂﬂﬁ'lilulﬂ

2.2 msnanseuvesasiszneumuzdungumgiga
v @ ' o [ a N ¥ ~
oAsINIAANToUVRIasUsERD MU AU dW150NI1ZH lan U V.6 uag .7
AR08 2
% ! a Y Y ¥ oy ' a A J
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