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DUEE B HVAERLE (LR <1ppmv) - AT LR i L HEF T S LR R 20
ZRIANMEPRZHAY -

[ — ~ EOHRR R I TR S LN E (T B

EPLBIRE PEE R 73 5B FT o7 Ry il 7 BfE(front end)Ef{% Ui 77 #E(tail end) > Hif
Ui o7 B ZIR b S ESR h NEAR SR & €2 ~ €3~ C4 > R E S EBIERAETT
[ FE(SSRELZIREE S i m) - EEERSBIAARE § RIns By ZR &b
g - @REMEFURIN - vV EANE - @REK CO & - Hr=i
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CH =CH CH,=CH, ¢y —cH,
; Ethylene
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HPpa(b R EAT -
CH =CH + H, —CH,=CH,

Acetylene Hydrogen Ethylene
NP GALN B TN g S AR E > ZIGHGRIET I EE R L > ZR
EIERAE R 1,3 T 25 > LFRER 1,3 T IR TR G NE - HREALT

CH,=CH,+ H, —>CH,-CH,

Ethylene Hydrogen Ethane

AH =-176,56 &/ / mol (1)

AH =-13849 k] / mol (2)

CH =CH +1 - 1 = _ =
AHZ ACHZ Gl (O AH =-17280 kJ / mol (3)

Acetylene Hydrogen 1,3 Butadiene
nCH =CH +mCH2 =CH-CH= CHZ — C2namH 2n6m (4)
Acetylene 1,3 Butadiene Oligomer

TENREGESSREYE - Hrhékil(Ce £ C12 iyY)E) Rk - mlREdH
TTIRIE ~ SRS IRESLR - iRECE S R EYI(=CLY) @R R o
PRAEIER RGN - R AT TR -

RIEGALE T » MR R EVIRIE R G IS MR RIE M RS b Ev) o
A AR FTRE SRR A AR © HIEE LR ERTRER 315°C LA E3d4g - K
FfELnT

CH,=CH,—2C+ 2H,
AH =—-46,02 kJ / mol (5)
Ethylene Coke Hydrogen

CH,=CH,—» C + CH,

Ethylene Coke Methane

AH =-125,52 kJ / mol (B)

CH, = CH,— — CH, - CH, —

Ethylene Polymer

AH =-138,07kJ / mol (T)

IR @b R R R =0T
Ethylene Gain C2_,—C2, ACZ2”

Definition= =
AcetylenelLost Ac,,— Ac,, AAc

AAc — (AH2 — AAc) 5 AH2
AAc N AAc

Selectivityyyarogen =

Selectivit =1 32 /25
yTemperature Rise f 1(,‘

HESERPRAARE B BT o] AV R ettt > BRI m] DB 5 U
TTEEH > MZPRE ~ RS ~ SCRREE T\ AR - R E TSR H R
S pea B SR
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L GACH SBR[ e SRR I » B CO(— & bR EE § & &R
MR > LAY SEER G TR PR [EIE - RPORE S BT AR 1,3 T2
WGEVARER > (HBERRVERS N - MG HERa iR E R -
ERERRSHVERE R AGERREANL > FEERAER/OREE(EL T EEE
BREE) - EGUREE/INR 1.0 > AT B ERM AL RN & ESR ER R g 8l
VR NE - IR LI RE R D o

BN ESELURETRT T R e g IR A B SRR - USRI R MR P (Y
O RFIREREE/D) > BHEMEEIE > 1,3 T 20 S EE Y4 paliR gl - e
FUREENGA G 1L A EIE - SR B R gt E R E R - ELURERIVEIE
A fES2E > (H B Y RAEE 73 i f. WABT e
EEHVEIDREFRES B TAR - @EUSECRE RS R EEL R
FERRAMEREARE > MREREREE) » HOSRE(ZE/DFE LR DR ER
—F) ~ BB E AT (P — PR S FER R T/ 50~70% 2 [d - 41 i = - %M
RSB —RER IR ©

Lead bed target T rise Tail bed target T rise
100 100
90 | 90 ’3‘0‘
0" 80 F 0"

80 | L S
* & 2 70 g = 4%
70 [l ——— & " N
g & \b - 60 F l o\
; 60 I oo g &
3 % —— g 50 |4 |
@
?; i | E 10 :
o3t 1 30 | I

20 | 1 Tl "

10 } I w0l

/AR SR V4

0O 10 20 30 40 50 60 70 80 90 100 0 10 25 30 20 50 80 70 80 B0 100
Bed depth, % Bed depth, %
=] — B S — NS SSir] =] By N iy
& = ~ F—ElEE T RORE B &Y ~ REEPRRE HIE

PREEPRAVIHEIEF LR —/F R URE S - HIRERE SRR R
50~200ppm * AL AR 1/4 LEPR S FERFR T2 50~70% (4011E] )

B E EE R (CRZE run away JRFE) » BIEA BN ERE - KBS
TYRTRE S A 58T » A CO 2 e R Eriefki s » AfNA CO » B 2K,
CNG R FEHCR B nl e SR lEIER -



0.40 < When bed temperatures —
0.35 1 are too high Ac can leak,
e N S d even with sufficient
. 0.30 . \ S hydrogen being present —| Hydrngen
5: 0.25 ~ \\* 1. — Acetylene
g 0.20 e - - - H2w/CO
0.15 N e \\',. - - - Ac w/CO
N 1= N_ Y.
0.10 w ~{ "~
b N~ T el
0.05 = ~ — -
2 e e
0.00 /-)I I t ———
Sglecti\._'e (-\ Selective
operating window Temperature operating window
wio CO p WI%O

[ 71~ CO AN BRI 2 F i [ e i o

fRENRE LR G LR B E R T ¢
1. SRRV RIREEE R S Y L0 8 R AR F
2. SRR RAREEFIEAYE R

3. Ry v IRMEIEAEIRT ARV R » S RHE LR FE R BE R (P IRF ] S R (R A A T

)
RSB DB R AR - FRIIE

LR ALIS T AR DI MR AR R AR AR
ST CO TRk B FEM: » ADfHF OleMax® 207 T RIRNI -

Eﬂk et 3

i

LRGN ELE SRR

Guideline Rule of thumb
1% of Acetylene conversion AT = 32 °C increase
1% of Ethylene conversion AT = 25 °C increase

Temperature profile

+ Lead bed Min T rise: 50% of AT at half of bed
+ Tail bed or Single bed Min T rise: 50% of AT at top quarter of bed
* Max recommended T rise 70% of AT
Selectivity: Tail bed or Single bed . (ﬂ)
Ac
Bed AT Outlet T or higher bed Temp minus inlet temperature
WABT (05x (Tin +Toue) + T + Tz + -+ Ty)
n+1




B FilnEEl ZRE(bR ERS

FYRG > BE(front-end) Bl o - B EGEHFMo P LT A - EEFORERME
AZFERIR C3 738 > T R G bR B R AL B AP A A [F] > mIRE 73 R
ZGEETRED ~ ERGEETARD - fHEFE R (raw gas) °

Flowsheet 1 Flowsheet 2 Flowsheet 3
Feed heater
c2
Feed Hydragenats
heater
—1— 0 cold
4" Stage rain
Compressor
a8 To cold
Chiller train +
—
DeC2 Ovhd
. Chiller c20n
DeC2 Ovhd Compressor
drum
‘Gas Cooler fe—
Chiller
Dryer Refl
pump
Technip, KBR Technip, Linde Lummus (low pressure)

7S~ 25 SRR R R il 7 B AL [

iy Iy b
&I 7 e c2
JZONipar: H2/CO/CH4/C2 AEaRmT B o KEGMES
(DeC2)
JZONipar: H2/CO/CH4/C2/MAPD/C3 | §5% DeC2 F&JE F¢ B & HRAVHE/F AE1A
(DeC3)
Fij i 7 e H2/CO/CH4/C2/MAPD LR = Y 7 B TR A4S R
(fH#UF24 | /C3/BD/C4/C5+ 22 ERE AR
Raw Gas)

Al o BERAE Y LR S b A e gs SRR NI SR, - (2 (5 AR A AR (R E
SRR E SR - H A RSt a HE e LR S 22 1 S FE PR H Y © RIAGHR1FR -
NS HE DRSS > HO LR E B e R EERERETH (8 T1 &) > H
2R R E A REOY - B 2RER T2 O ZREERgHhE LT - &
A BB N - PER SRR AT SRS E (run away) - ZEGRE S MR IR LR R FJEZE S50
SR Bl TR DA S 5 A TS e B T1 22 T2 [ Ry #8215 %5 (Operating window)



1400 + 21

1200 18
E X
&1[][][] . 1 15 :1:3‘
ay 3
i
E 800 12 -

> < g
% 600 : s &
E Operating c
Window

o 400 6 'é‘_‘
= O
200 3 T
© >
L

0 0

T1 T2
Reactor Inlet Temperature, C

[~ R lE e e EEE AT

H CO BFEE Ay » HiRfFiEth g8k > COREASRE TI
Fiee o BERERET SN K2 & CO BESRES Rl /FiaEgss
RS RBIZING > TREEEURERE HIE R ERE M AR B e L -
CLARIANT FY il #UAE 2 R a U b EAREL N BB R KPR R A -

(OleMax 260 : 2017 §i&% » DeC2 #IfZ : OleMax 252-4 : 2018 & » DeC3 #lfY ;

OleMax 254 : EEHUFL M)
Operating Window

OleMax 260 >70

oevncs | [CER

L Il L L L 1 L J

40 50 60 70 80 90 100 110 120
Temperature, °C

[E/\ ~ OleMax260 ~ OleMax252-4 - OleMax254 }{EH 25 #i[E]

Al 7 BERAE R LR a b S e e il i R M EE 1R i 7 Bl AR S e 25



HE LR AT B By LR S A S e RS HE — ELREZER IR AR Om FE T S 7Y
fRE ~ FrE R EHYE e NN R - SRR (E AR S B 2 04 - DUER
e H M R R R RN - DR AR ~ CO JRIE ~ BEY) ~ EEAni#
HERIAE - BIGIARE ~ ERE T FERZRINE -

Co EHIFIATAR S bR E » FRE GHESIIRRE I IE > CO R by
INARFE RN e HE L DR » CO RISy - MRS Mgl K - H
PR EIEL B & 7 CO (58 » MG R EMEIRA SO BEHRHEE - HTREiER L
PRIETHHE A T8 o & CO REREREERAK PR - HEintigrhe - &
[FlRFE IR R R - RS AR BB I -

CO spikes up: CO falls back:
Bed temp Bed temp was raised
Pre-CO spike : for CO spike

/ 200 ppm CO
\ 60 ppm CO

r 200 ppm CO
\ 50 pem €0 - Q

Clean-up temperature, Operation Window Clean-up temperature, Operation Window

&1 ~ CO JRIEZET) R By &

C3 Ky MAPD (LS MBI ] 73 Ry SR S ME BELAH R ME B > sy B AR DU
Mg Y > e RKFERE -

B EDHOX™(Ethane DeHydrogenation, Oxidative) Z 5t & LIRSk 2B 1E B
LSRR B T E - MME(The Linde Group)2E 2 Z5&H:
i o

EDHOX S &40 T -

CH,+0.50, & CH,+H,0
C;Hg + 1.5 0, - CH3COOH + H,0

#ERVERE 300 - 400°C
B i Ry LSRRI R

\\\\\\\\

/b ERIEm CO2 F1CO
TR LB T B
e R >50%
FEEELEEN>0%

EDHOX ¢ FIRIAE BB Catalyst: OxyMax® E - JREEEIHINIFIE S LYt
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MoVTeNbOx

EDHOX™ Technology EDHOX™ T &#ifi

Catalyst: OxyMax® E #&#

oY

L4

Catalyst particles
Ring 5x2x5mm

RO T Y Y
¢ 00 *)PBG ¢

Commercial reactor tube

Catalyst crystal structure®)
#)Mestl at al., 2018, W02018141652A1, W02018141653A1, WO2018141654A4
b Melzer at al, 2016, Angew. Chem., 128, 9019 -9023.

&+ ~ OxyMax® E JE& @ iH e s bV IR R e SE

Pilot Plant ZJF+EERESEIEMES 93% (mole) @ ZXEHE(EZ( 50%) -
FR A EDHOX™ i e HAy 2% /B Re e rnLL & & 2.5 -4.5 t 2%/t BEfg -

Scale-up Catalytic Reactor Design

Steam
generator
and
circulation
Pumps

Molten salt

cooling
Products

& --— ~ EDHOX [ fE RS UREE

L7k /R 33#% (Ethane Steam Cracking)
EREJRFE 800 - 900 °C

Ry B » AN E

FEEL LN

VV V V V

SRR E TR e IR A
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TSWIEERR T A VIBRET NN ZIGSEARE - NI OTAEYTAIRGER Z5% (VA ~ £

% Z.F5(Ethyl acetate)

» LN | BT 2 %BE (EVA)

» SEEER HER (PTA) S -

7 EDHOX™ R/l 2k 78 L 206/ BE RS SHEL A 2.5 4.5 t 20/ ¢ Sls -

Acetic anhydride
Rt

24%

Acetate esters
b

Terephthalic acid
(PTA)

Source: BCC 2018.

Product Acetic acid
consumption Eﬁﬁiﬁ
"
(t/t product)

VAM(VAOH) ~0.70
PTA** = 0.04
Ethyl acetate Z.FZ B& = 0.68
EVA = 0.03-0.42

*Acetic Acid recovery through PVA hydrolysis
(1.36 mt AA recovered : 1 mt PVAOH,
resulting in 1/3 mol/mol of AA/Ethylene)

** For PET production via PTA

[+~ Zb - BEEE NPT A RSB R B AT

. ]

DAceticAdd  FggEg
m Ethylene %

high Acetic Acid Low Acetic Acid

[t ~ EDHOX r=h ik BB E Wt o 2 BB 1

B (s ] EDHOX (280 R &

Ratio
ethylene/acetic acid

Z 15/ BEER L (/)

= 0.5 (1.4%)
=3.6
=05

=134

VAM: Vinyl Acetate Monomer

VAOH: Vinyl Alcohol derivate (via PVA)
PTA: Purified Terephthalic Acid

EVA: Ethyl Vinyl Acetate

PVA: Polyvinyl Acetate

PVAOH: Palyvinyl Alcohol

PET: Polyethylene Terephthalate

LB SR AE A EDHOX AL S ME a3 & 4K BRAHBUAR - A Snlis B mI 4L © SRAa i
FEERR - Al Bk S A R BB LN > 2 e[| EDHOX 2 fE S5 18R -

12



Ethane Recycle

Purified CO, Propylene
RefrigerationZ
I/ RIEEDNS

Ethane L EDHOX™

Reactor

Gas Processing, Ethylene Z.1&
Compression Separation and Purification

Conversion of oxygen

- B and acetylene Tail gas

Dilution Steam RECOVE"V C,” Separation (CO, inerts )
C, Splitter

Acetic Acid

Water

&= - B A EDHOX (28 i ie & ) A e

Py”ﬁ@ﬁfé%zA
ZJFTE 7 A EDHOX &R S FE 25 1% 48 BR4E BUFE - 2 s Bl Ua 4fiqt © SRps o B
%}ﬂ:*”& ’ EJ TEEH S 4IE S 0 - I RS AMCRIER ZMGEREE T > 18
R 2] [a] 2 e S4fiF s 52 EDHOX 2 FEES -

Integration with Steam Cracker RS NBES

Steam Cracker Ethane Z 1%

FHREHR ’

Ethane &
Propane

ZR/ AR

Hot Compression Ethylene ZE

Furnaces .
Section Drying -
Proceas Cracked Gas Compressor C3+ Products
Steam Acid Gas Removal C2/C3 separation
1

C1/C2 Separation
Acetylene converter

EDHOX™ Plant C2 splitter

Purified CO, C28&(3 Refrigerant Cycle
* Oxygen
Ethane Z 7% EDHOX™

‘Compression GCU & AGR
* Gas Clean-up Reactor
Acetic Add (0, and C;H, conversion ) Bl steam Cracker

g Recovery BREAEIK Acid Gas Removal I eoHox™ Plant
Steam

Reactor

Shared process units
Acetic Acid F§ER

Ethane 7 ¥%

[E-1-PU ~ EDHOX [E]7& /S e B A AR [

EDHOX™ $fbE 2 (e 70 R BAE » AR AR ~ R RAVER ~ FTRFEMERY C02
EPMEHELEAE NEEERENES D RENEE. - (B -

EDHOX 2B 2R R CO2 BRI EE L ez R g ARG IR B2 A A2 Y CO2 FRRUE 60% L4
Fo
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B RERRSTER B R IERAEATTE » RSB EY T DIEB{ERFR
SRR

Global polymer flows, millions of metric tons per annum, 2016

Process losses 4%

Feedstock recycling <1%

4 Chemical Mechanical (polymer) recycling 12%
(monomer)
recycling <1%
.

110 260° Collected for
(= 100%) frecycling 16%
Durable’

Landfills 40%

Nondurable’

150
Unmanaged dumps

or leaks 19%

Virgin ——» Polymer — Applications —» Waste
feedstock production creation®

Source: McKinsey analysis

[ 71~ S BREREA [ e

SRR E A R BRAR - HATAA 16987 R B OB RE I TSR
B > 25WE AL RSB > 400 AFEHS - 1998 B MR E BT £ 5
IR HIFAR S B A & R B 2 (1B 70) - HUB— XM
an > RGBS - BRYEIE A SRR S AR ACH RS R AR -

JE YRR E R (Pyrolysis ) BUBTR M LEYE - nIGESRMEY 15% ~ JBAHEY
BOBEREFHLY 5%  SEAH HI{F RpE R B - BB AR B — U 4l
RIS LB A AR © R A F R 2 R ER S iR > (H R B R
W TAYIERE (28 ~ Bk~ 2 &0 & W) 1 B HRKRTTSE -
FEE AR T (B L RE PR e L BB (PR AERE ) D AR m] A R 2
BEEARE PR > (SRR | BB IR RIS - R AT - TRk
DREE YL -
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Thermal, no catalyst

Clarit Pyrolyze 100
—— Pentasil
----- Mordenite

Mass loss

300 350 400 450 500
Temperature [ °C

Thermogravimetric conversion lysis of PE/PVC Mi (95:5) with 10% catalyst added; heating rates
(2.5 K/min) in Ar atm (ambient pressure) FEM010%4E L FIRIPE/PVCIES ¥ (95:5) MMARERLIT .
Aratm (FHEEH) h@p0AEE (2.5 Kimin)

[ 75 ~ B SR K e U AR LR R R P

. . Py0Qil Purification Adaptable
PVO'.'{%“:!"VS" & Stabilization PyOil Upgrading
BRES LT T R T

==
[ Adsorbernts
T
@ g

Clarit Pyrolyze™ Clarit Protect™ Clarit Protect™ + HDMax®

[+~ BB ~ S+ L B R SR i R A B R R

AR B - SR TR PR T A8 B R E B E
A EIRRE AR M PR IR e e - HL A %ﬁﬂ’\]{%ﬁfﬁ@% » IR
PR T P AR R ] - BRI I E B - i 2 B R © S a8y
S TSRO OIS — R R SR 4 PR *E%'%F“u“ °

E ITITIITIIIITT

T

CLARIT™ HDMax®
/N~ HE AR R R bR I S H R R 15 2 e B AR
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B RHEI b eSS TR

H,S
Flue Gas

I

Hydrogen >

Selective Hydrodesulfuriza
Hydrogenation tion (HDS)
1st Stage Pygas 2nd Stage Pygas \
To Stabilizer

&+~ PR E RIS R R T SR [

FUHELEITAR Pygas Ryl Ul pEE BUEOR & X T e iein —
[FHE AU S BB T - U S b bR s TR G S L B EGER 2 %
FUALLETR - — 4 GBI e S S R 5 4 > ] DU o 4l BN eSS iy 45 B2 -
e g a@ b MY ER T E AR -

Al E BT E b ER
CH2=CH-CH=CH2 + H2 - CH2=CH-CH2-CH3
R-CH=CH-CH=CH2 +H2 - R-CH=CH-CH2-CH3

) +H2 > O
(©)-cH=CH2 +H2 > (O)-cH2-CH3

REEEERRATFEEEIZ > RECRIE T OleMax® 602 / 603 > $i&HE
EEFY OleMax® 600 / 601 > {EPEREME » b 7L TS ER LARAVREE -

5 Year Palladium High 3099.00 Low 847.00
3500 3900
3000 3000
@ 2300 2300
a 2000 2000
8
B 1300 1500
2
= 1000 1000
00 00
o www , kitco,com
Ty Ty = = - - [ [ [ iy =
= - Lo Lo L] L] [n] Y] [n] sl o
= [a] = (4] = (4] = [&] = [~ =
= i o= 1] = o = w = wr =
. = [ ] = r =3

Pd market price trend (published by KITCO)
&~ TR E
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P RERE FskAe LIS o i Bl R R S i (BB R B B T et
[ R SR RRIR(L > Bt RSt = B AL, - (B{LSbEnEACHY IR IERE - &
RIRE e S e b tiaE CEMERRER:)

Pd |[AlLO,

- Pd content - Pore size distribution

- Pd thickness - Surface area

- Pd crystal size - Robust physical properties

—— - For Standard Severity - —

- For High Severity - ——
OleMax 600 OleMax 602 || OleMax 601 OleMax 603

Relative initial activity 1.0 1.0 1.3 1.5
Relative stability 1.0 0.9 1.1 1.3
Relative Pd amount "1 1.0 0.6 1.3 11
Relative Pd efficiency "2 1.0 1.4 0.9 1.2

“1) Pd amount per catalyst volume
‘2) Relative Pd efficiency = “Relative stability” / “Relative Pd amount”

B = RIEROHE 4R S ESR R-4110 [ AV B 01eMax600 % » FHE%
2 01eMax600 % » (K& &Y 01 eMax602 BUAEE K46 & 4 ELAH B SRR EMER
OleMax600 &Y -

EHE S B e TR R » WEI RIS 223 LHSV(1iquid hourly space
velocity) Bo{BMRERAS i RIEERUIE T > 0leMax601 ZIFYEL RAKSE
OleMax603 %Y » i wIaa &M RIS E & A SR SRR BB OleMax601 Y -

L VAV R S S R

Gk ETER LR - B R E B R S R B R R BT RIpE AR
VESSIT - SEGE AR - i il 2EE] 600°C - Ml & L BRES R R M A
{4 -

AR e TR LAY H Y -

> RTEIRE (RAVIERERE - ZFIRIREHILIRL
> B E APV bR RO ERR s

> [EfELHREEGER

> IIERBREE R IE ST SR FEAY A

flEt b LA R -
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MoO3 + H2 + 2H2S > MoS2 + 3H20
3NIO + H2 + 2H2S > Ni3S2 + 3H20
9Co0 + H2 + 8H2S - Co09S8 + 9H20

it R CRIS ER ER © E(K H2S/H2 L EDRE SRS 230°CHy > &84 R
JE -

MoO3 + H2 > Mo02 + H20

MoO2 + 2H2S = MoS2 + 2H20

MoO2 + 2H2 - Mo + 2H20
B e — P& Bt LAV AR B ST HILE 230 C LA N IR E FHGEAY DB » Mg
TR ERR - HIEETRR - HIRREL ~ 1E T RREE - RS B

BT Ry it B - P S AR i s 28R ) — PR T (DMDS) 1 Ryt U B A b 4R S
gs IR LR > [N DMDS BB MER S UG ( L E ds A i b8 ) -

Physical Properties of Sulfiding Agents

Sulfiding Agent  Sulfur (wt%) M.W. Boiling Point Decomposition Toxicity
(oC @1atm) Temp. (oC)
CS2 84 76 46 150-175 high
DMDS 68 94 109 175-205 low
DMS 52 62 36 230-260 high
NBM* 36 90 96 150-175 low-mid.
TNPS** 37 414 - 150-175 very low

* n-Butylmercaptan

** Tert-Nonylpolysulphide

DMDS + 3H2 >  2H2S + 2CH4
(CH3-8-S-CH3) Heat

N EL R wea 7

. S RKEE purge IEZSE 2 0. < 100 ppm °

. MHEaaRBERRIESRNER -

. M &SRS RIIER I Al eSS K E -

TR ARSI E (ex: 95 E AT ) By 4926M'/h BL_E(200~500 GHSV)
DU/ NN SOCHYERSFR0M » R EES ALDRZE 150C -

L ARSI EBRAERE 14 25.5 ke/cm’

FrERFF S RMERI R S RS A LRI 2 180°C
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