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Key factors to improve the performance

How to prevent the coking and carburization?

Dilution Steam

Cracking Tube < TLE >

Gas Temp.: 600~850 Deg. C
Tube Metal Temp.: 900~ 1100 Deg. C

Tube Inside Pressure: 0.1~0.2MPa

|| Convection Section || l l

High temperature and Low pressure
Coke Is deposited at inside during operation (Coking) Radiant Section
"' Cracking tubes are
Decoking shall be done = Productivity is reduced. applied.
Carburization occurs. = Tube shall be replaced.
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* Creep damage is not so severe.




Mechanism of coking and carburization

Damaged area of oxide film
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Deposited Coke
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Inside /Chromlum oxide film (Cr,0,)
/\\ /[ <— Massive Silicon oxide (SiO,)
i ¢ bon (C) Cause of oxide film damage
DILELD O Larten (L - Instability of oxide film over 1080 °C by Chromium
Carbliization Cracking Tube carbide formation
Outside Conventional Material - Peeling due to thermal stress
f bttt - Damage by particle coke attack
Gas Heating
TR 1A
Aty (¥t L3 up Stable and highly adhesive Oxide film
a g S e gua g o ok at high temperature is desired.
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Overview of AFTALLOY
JAFTALLOY:

» Aluminaforming Tube ALLOY Moo | 1, 4
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AFTALLOQOY is next generation cracking tube technology to form Al,O, layer on inside surface of

cracking tubes. _ N
Chemical Compositions of Base Metal (wt%)
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Al,O4 layer is formed by controlled heat treatment in

manufacturing process and guaranteed by inspection to ,
Middle East

ensure the Al, O, layer is formed uniformly in certain quality. Technology 6
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What is excellent point of AFTALLOY?

The oxide film formation is different from the conventional materials.

Comparison Table of Oxide Film

Conventional Material
KHRA45A: 45Ni-35Cr+Nb+MA AFTALLOY
KHR35CT HiSi: 35Ni-25Cr+Nb+MA
Configuration MnCr,O, Cr,0; Al;0,4
o"‘: '.l :oi o® SO

Phase Cr, Si oxide a-Al,O,
Layer Composite layer Single layer
Thickness 5-10 um 0.3-3 um
Stability Unstable over 1080 °C Stable

. . . . i Ethylene
The oxide film of the single layer with a-Al,O; has excellent properties such as ‘?’f;ﬁﬂ&iﬁ;
carburization resistance, coking resistance and oxidation resistance. EMET
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Excellent Properties of AFTALLOY

B Coking Resistance . Better than KHR45A — Longer Run Length
B Carburization Resistance : Better than KHR45A — Longer Tube Life
B Creep Rupture Strength . Better than KHR45A — Less Deformation/Bowing

High . :
J ) At present, KHR35CT-HISI or KHR45A is
- most popular cracking tube materials.
=% KHR35CT -
q) . .
r RIS / -
5 ‘ (45Ni-35Cr-Nb, Ti)
S
z A
)
-t HK 40 At the 15t generation, HK40 had been
© used for the cracking tube.
Ethylene
> ‘MiddleEast
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AFTALLOY Installed Commercial:Furnaces

Total supply number (Order base)
i 106 furnaces

North & South
. : 43 Ethane Feed 97
Asia A
34 | Multi Feed 6

Naphtha Feed 3

Middle East 28 *Including AFTALLOY+MERT
& Africa *Including furnaces under production

Ethylene
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<Case-1> Commercial Experience of AFTALLOY

Furnace Design: Technip (S&W) / M-Caoll
Feed Stock : Ethane, Operation : Same Conversion

Sister Furnace AFTALLOY Furnace
Tube Type Conventional Bare AFTALLOY
Inlet l ] Outlet InIetl a _I Outlet
| A A
Coll
Configuration
BARE AFTALLOY
TE W
Ethylene
Inlet #1-3: KHR35CT-HiSi (35Ni-25Cr) Middle East
Outlet #4-6: KHR45A (45Ni-35Cr) _ . [echnology .



<Case-1> Operation Result of AFTALLOY

AFTALLOY could achieve more than 4 - 5 times longer run length compared to conventional bare coil in

this case.

Operation Condition & Run Length

Sister Furnace AFTALLOY AFTALLOY
1st Run 3rd Run
agains: Design Value (%) 101.4 9.4 98,6
Ave. Dilution Steam Ratio Approx. 0.3 Approx. 0.3 Approx. 0.3
Ave. DMDS (ppm-wt) Approx. 100 Approx. 100 Approx. 100
Ave. Coil Inlet Temp. (°C) 674.2 669.6 667.5
Ave. Coil Outlet Temp. (°C) 836.4 835.9 830.5
e ————————————————— e —

Run Length (Days) 32 147 152
Reason for Decoking CPR Limit CPR Limit CPR Limit

EMET |
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<Case-1> Conversion vs. Ethylene Yield

AFTALLOY indicated some possibility of improving the ethylene yield.
Dense and inert Al,O, prevents side reactions and saves Ethane, and contributes to energy savings.

Ethylene Yield

55%

54% -
53%
52%
51%

50%

1 Improving ethylene yield can be

1 expected by AFTALLOY. o %
o" - )
OAX . % -
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¢ | O Sister (Bare)
A s

® AFTALLOY_1st Run

A AFTALLOY_2nd Run
¢ AFTALLOY_3rd Run

59% 60% 61% 62% 63%
Conversion

64% 65% 66%

67%
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<Case-2> SRT-1.5 Furnace (Customer ID: D)

Furnace Design: Lummus/ SRT-1.5
Feed Stock : Ethane, Operation : Same Conversion

Before Replacement After Replacement
Original AFTALLOY

Conventional AFTALLOY

material

\

Coll
Configuration

Ethylene
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<Case-2> Operation Results of AFTALLOY

Even under the more severe operating condition (Higher Feed Flow & Less Steam Ratio),
AFTALLOY had been able to maintain the longer run length compared with Original Bare.

Original (Bare) AFTALLOY
Run Cycle? - 2nd 3rd 5th 6th 7th 8th
Feed Rate 21.1 24.3 22.7 24.5 24.1 23.9 27.1
(t/h) (+15%) | (+8%) | (+16%) | (+14%) | (+13%) | (+29%)
Steam Ratio 0.53 0.33 0.32 0.30 0.31 0.31 0.31
COT (°C) 850 855 855 849 855 855 850
KUl Lz 56 812 | 882 | 842 | 812 | 742 | 832
(Day)
Reason of T™MT Scheduled? | Scheduled? | Scheduled? | Scheduled® | Scheduled? | Scheduled?
Decoking Limit

Repeatability of performance was confirmed.

1) 1st & 4th run were terminated due to un-stable operation condition and fouling in TLE
2) Expected run-length is 140days

Ethylene
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Overview of AFTALLOY+MERT

AFTALLOY

AT

AFTALLOY

- 20-50% better heat transfer - Excellentcarburization resistance

- Coke inhibition - Coke inhibition
[Mainly reduce pyrolytic coke] [Mainly reduce catalytic coke]

» AFTALLOY+MERT is the combined technology of MERT and AFTALLOY.

» Further run length extension & tube life extension could be expected by 4 emyene
AFTALLOY+MERT. Tecmelody
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Expected Benefits of AFTALLOY+MERT

AFTALLOY+MERT provide longer run length and longer tube life because of lower TMT operation.

TMT Limitation TMT Limitation TMT Limitation
| : sare | : AFTALLOY |
1 1 1
= | i = . AFTALLOY+MERT : :
|— 1 : |— 1 | :
1 1 |— |
: | : = : :
I I I — | I
1 I 1 | 1
 2times | : Over 4 times ! 3 times !
v v v v v
Run Length Run Length Run Length
AFTALLOY
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Feature of AFTALLOY+MERT

Al,O, Film is formed on both base metal and AFT+MERT elements.

AFTALLOY+MERT Element:
45Ni-35Cr - 3~4Al - Others
(KHR45A Mod. )

» o
S5um
BEC 10kV WD10mm  S852 x5,000 Spum ;

Base Metal: :

AFTALLOY (KHR35AF) Base Metal (AFTALLOY)

35Ni-25Cr- 2~4Al - Others L et oA T | Ethylene
NOTE: This photograph shows Slit-MERT type of AFTALLOY+MERT. ¢"e'3fﬂ§1i?yt
Both normal MERT type and X-MERT type are also applicable to AFTALLOY+MERT. ¥ i T TMIIETES: 19
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Summary

1. AFTALLQOY could show “Excellent carburization resistance” and
“Excellent coking resistance” (Mainly reduce catalytic coke) by
the stable alumina film formed on the inside surface of the tube.
AFTALLOY Is more effective to gas cracking furnace, because the
catalytic coke Is dominant in gas cracking.

2. AFTALLOY+MERT Is the combined technology of MERT and
AFTALLOY. AFTALLOY+MERT would be suitable for the customers
who want to get further run length extension and/or further
longer tube life compared to the conventional MERT.
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Thank you very mueh &l 3t | S

(N For Earth, For Life
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