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一、柴油加氫脫硫製程研習課程出國任務之說明
大林煉油廠第九柴油加氫脫硫工場日煉量為二萬桶，平常處理柴油及正烷烴工場之進料，但因處理設備不足，故又規劃興建第十柴油加氫脫硫工場乙座，因未來柴油硫含量將降至10 wt-ppm，目前第九柴油加氫脫硫工場僅能生產50 wt-ppm硫含量之柴油，工場必須去瓶頸以生產10 wt-ppm硫含量之柴油，此項計畫目前委由設計廠家以研究發展案評估當中。
Topsoe公司於今年首次舉辦Intensive Hydroprocessing Course講解柴油加氫脫硫製程及觸媒技術，參加加氫脫硫技術課程之培訓，將會進一步熟悉製程及觸媒之技術，對於本廠升生產柴油之品質提昇會有所助益。

二、柴油加氫脫硫製程說明

1.反應
· 進料油先經由過濾器處理，經surge drum再加壓至反應器。進入反應器前經與汽提塔塔底油換熱、與循環氫氣混合，再與反應器流出物進行熱交換加熱，並經加熱爐預熱至反應溫度後，再進入反應器。
· 反應器採用專有的內件，以確保油氣均勻分佈。觸媒則採graded beds裝填，可避免反應器差壓太高。
· 反應器流出物進行熱交換後，經由空氣冷卻器進一步冷卻，洗滌水於空氣冷卻器前注入，以防止胺鹽類沉澱產生，然後在高壓分離器將循環氣與液體產品油分離。
2.汽提處理
· 由高壓分離器之液體產品經熱交換後進入汽提塔，將燃料氣、石油腦及柴油分離出來。
· 汽提塔塔頂產品經冷卻後，進入 accumulator ，頂部氣體經胺液處理後可得燃料氣，底部液體即為石油腦產品。
· 汽提塔塔底油品經冷卻及經coalescer去除水份後即為柴油產品。
3.DIPA 處理

· 由高壓分離器頂部出來之氣體，經高壓胺液吸收塔去除硫化氫後，與補充之純氫氣混合當循環氫氣使用。
· 製程自產之含H2S之燃料氣經低壓胺液吸收塔去除硫化氫，可得乾淨之燃料氣。
· 富胺液則送至胺液單元，經再生後之貧胺液再送回胺液吸收塔使用。


三、柴油加氫脫硫製程研習課程摘要

1. Hydrotreating process
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® Factors influencing the reaction kinetics
given a certain feedstock

— Catalyst type / catalyst activity
— Temperature

— Pressure (H,)

— Feed flowrate (LHSV)

— Hydrogen flow rate







2. Hydroprocessing reactions
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e Sulphur removal (hydrodesulphurization - HDS)
Nitrogen removal (hydrodenitrogenation - HDN)
Metals removal (hydrodemetallation - HDM)
Oxygen removal (hydrodeoxygenation - HDO)
Hydrogenation of:

— Olefins (HYD)

— Aromatics (hydrodearomatization - HDA)
Hydrocracking (HC)

ons

Sulphur-containing hydrocarbons reacting with H,
to form sulphur-free hydrocarbons and H,S

Examples:
Mercaptans : R-SH+H,>R-H+H,S
Thiophenes B lI 1] +4H,>CH,, +H,S

S

Dibenzothiophenes: +2H,> +H,S
(DBT) 3

15




[image: image4.jpg]ons

Nitrogen-containing hydrocarbons reacting with H,
and to form nitrogen-free hydrocarbons and NH,

Examples:
Non-basic nitrogen-containing hydrocarbons:

L
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Basic nitrogen-containing hydrocarbons :

@Pyridine @@D Quinoline
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.‘ Mlngg reactions

Unsaturated hydrocarbons reacting with H, to
form saturated hydrocarbons

Two groups of unsaturated hydrocarbons exist:

® Olefins
— Formed in cracking processes
— Are not present in crude oil
* Aromatics
— Present in the crude oil
— Formed in cracking processes - especially FCC

H
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Types of aromatics:

Reactivity: Tri > Di > Mono

Tri- and di-aromatics are easy to saturate forming
mono-aromatics in typical HDS reactors.

Saturation of mono-aromatics requires high
pressure and/or long residence time

Alternatively noble metal catalysts can be employed

H

ons

Metal-containing hydrocarbons reacting with H,
to form metal-free hydrocarbons. Metals are
deposited on the catalysts

Types of metals:
- Vanadium (V) og Nickel (Ni), present in the crude

— Iron (Fe), either found in the crudes or originating
from corrosion products

— Silicon (Si), present in several additives — mainly
introduced to coker units (anti foaming agent)

H
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* Both thermal and catalytic cracking
® Larger hydrocarbons easier to crack

® Cracking is sequential reactions:
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3. Catalyst Selection

[image: image7.jpg]aracteristics
The choice of support material and active
metals depends on the service:

* Hydrocracking: W and Ni on alumina, silica-
alumina, zeolite

* Dewaxing: zeolite on alumina
¢ Aromatics saturation: Noble metals on alumina

* S and N removal: CoMo, CoNiMo or NiMo on
alumina

MA / ! ! aracteristics

Once the type of catalyst has been chosen
there are more questions:

® Surface area?
* Pore size and volume?
* Metals loading?

Pellet size and shape?

Strength and loss of attrition?

Loading density?
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* When the specific basic nitrogen compounds
are removed the fast prehydrogenation route
will predominate

— NiMo catalysts have a high activity for this route

* In the presence of specific basic nitrogen
compounds the slow extraction route will
predominate

— CoMo catalysts have a high activity for this route

H

Ask yourself:

”Can we remove N from SOR to EOR?”

If the answer is ”yes” - Choose NiMo

If the answer is ’no” - Choose CoMo

But ensure that enough hydrogen is

available if NiMo is chosen !!
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active metals supported on a carrier

® For ULSD production CoMo or NiMo on

alumina is the preferred choice

— Sterically-hindered reactants can be desulphurised
via an extraction route, or via a pre-hydrogenation
route

— CoMo catalysts are best for the extraction route,
NiMo for the pre-hydrogenation route

— The pre-hydrogenation route uses more H,, and is
thermodynamically limited
H
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4. Operating Variables

[image: image10.jpg]Oil with
Sulphur

Catalyst

Kinetic Tool
j Performance

Qil without
Sulphur

®

Parameters for Evaluation of Catalyst Performance:
Operating Conditions:

* WABT

® LHSV (feed rate)

® Pressure (Py,)

H,/oil ratio (treat gas rate)

H,S concentration (treat gas rate)

Feedstock and Product:

* HDS% (feed and product sulphur)

* Distillation properties (feedstock)
* Feed density Feed reactivity m





[image: image11.jpg]Normalising Data (SOR or Typical Conditions):

wity WABT
ac"\\“ I'eat
feed 1€ PH, " 9as raqe
“Dso/o s eq rate
2

Rel. Catalyst Activity
Normalised Temperature m

P ]

Kinetics





5. Hydrogen consumption
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® Catalytic reformer
— The most important source of hydrogen in the refineries

— Hydrogen purity typically 90 vol% from a continuously
regenerated reformer and 80 vol% from semi-continuously
regenerated reformer

® Steam-methane reformer
— The most common method of manufacturing hydrogen

— Methane, ethane or heavy components reformed to
hydrogen, carbon dioxide and water in a series of three
reactions

— Hydrogen purity typically 90 to 95 vol%

®

mm !g n consumption

* Amount of hydrogen consumed in chemical
reactions plus the hydrogen lost with
products:

— Chemical consumption due to hydrogenation
reactions (HDS, HDN, HDA, Hydrocracking)

— Mechanical losses 5-6 NmY/m (Hot HPS)
— Solubility losses 33 Nvin: (GOl HES):

— Purge





[image: image13.jpg]CH,=CHCH,CH; + H, ——» CH,CH,CH,CH,
CH,CH,CH,CH,CH,CH,CH,CH,CH,CH, + H, —2 CH3CH2CH2CH2CH3m

ns to chemical H, cons.

* Example 1
— SRLGO; LHSV=1.4 h"; P,;,=40 bar; CoMo catalyst

HDS = 14.9 Nm¥m?®

HDA = 15.4 Nm3¥m?

¢ Olefin saturation = 0.0 Nm®/m?®
HDN = 0.6 Nm®/m?

* Hydrocracking = 2.0 Nm3/m?
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— °SR-Naphtha -
Low sulphur, nitrogen and aromatics

Chemical hydrogen consumption 1-5 Nm3/m3

« SR-Kerosene
Low sulphur, nitrogen and aromatics
Chemical hydrogen consumption 10-15 Nm3/m3

* SR-Gasoil
High sulphur, medium nitrogen, medium aromatics
Chemical hydrogen consumption 30-50 Nm3/m?

Increasing feedstock severity

« Blend containing craked material (LCO, VBGO..
High sulphur, high nitrogen, high aromatics, high olefins
Chemical hydrogen consumption typically above
100 Nm3/m?3

Increasing chemical hydrogen consumption
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® CoMo vs. NiMo catalyst

— Direct route vs. hydrogenation route

* Higher H, cons. for HDS via hydrogenation route

¢ Higher HDN activity with NiMo catalyst
Higher HDA activity (higher HDN activity = higher mono-

aromatics saturation) with NiMo

10-20% higher H, consumption with NiMo catalyst depending

on feedstock and operating conditions
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* Increasing feedstock severity (specially blending
cracked material) increases chemical hydrogen
consumption

* High Hydrogen partial pressure
° Low LHSV High Chem. H, cons.

“ Improved product prop.
* NiMo vs. CoMo catalyst

* Product yields depending mostly on operating
temperature. At high temperature and low LHSV the
hydrocracking reactions become important and the
naphtha formation is higher
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6. Pressure Drop Control
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¢ Solid contaminants carried with the feed
— Corrosion products (iron scales and particles)
— Catalyst fines and dust
— Coke fines
— Sediment
— Salts (Na, K, etc.)
— Large carbonaceous scale spalled from heater

* Deposits from reaction products
— Coke/Crust formation
— Metal sulphides

* Refinery upsets

Confidential Information m

Ce g phenomena
crust formation

¢ Often caused by “too much activity”

—>0Olefins — react very rapidly in the reactor
environment

—>Forms polymers which glues entrained materials and
catalysts together to form a hard crust

® Metal sulphides

— Deposition of FeS on catalyst particle surface and
void

H
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Feed filtration (Partial solution)

* Nominal size of feed filters (cartridge or
automatic) is usually dictated more by change
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Trash baskets
¢ Plus
— Space for solids
o Minus
— Efficiency determined by size of mesh
— Time-consuming to install/remove
— Maintenance nightmare
— Disruption of flow distribution

Avoid trash baskets (Topsee recommendation)

!m at with and without baskets
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Reactor loadings

Conventional Topsoe Grading
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High void and grading in activity and size:

* High-void topping material
* Ring-shaped active catalysts
* Layers customised for each application
— Feedstock properties
— Operating conditions
— Experience from previous cycles
— Analysis of spent catalysts
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Topsee has several different high-void products to combat reactor
bed fouling:
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四、心得與建議
1、 此次柴油加氫脫硫課程研習為Topsoe第一次開課，採小班制，學員控制於30位以內，參加學員大部份來自歐洲、美洲、亞洲地區之煉油廠工程師。此次研習內容豐富，研習資料可提供現場單位參考。

2、 柴油加氫脫硫反應器，早期於進口前端均設計Baskets以阻擋較大顆粒之鐵屑、油品黏稠物，會造成差壓過大與油品分佈不均之現象，Topsoe研發Grading material，大顆粒磁球擺在上層、小顆粒磁球擺在較下層，再安放觸媒，如此分佈均勻，壓降也可降低，此項技術也穫得UOP等知名廠家採用。

3、 柴油加氫脫硫觸媒以NiMo觸媒或CoMo觸媒為主，CoMo觸媒以脫硫為主，耗氫氣較少；NiMo觸媒則可飽和多環之芳香烴以提高柴油之Cetene Indix，但消耗氫氣較多，本廠HDS-9工場使用約50% CoMo觸媒、50%NiMo觸媒，HDS-10工場使用則設計100%之NiMo觸媒，主要原因為提高柴油之Cetene Indix，並可縮小反應器之大小及觸媒量以節省建造及觸媒成本。

4、 未來HDS-9工場使用之觸媒最好採用與HDS-10工場相同品牌之觸媒，使觸媒有替代性，若能同時採購，可以量制價，可以降低觸媒之單位採購成本，因使用同品牌之觸媒，操作條件也可供彼此工場參考。
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柴油加氫脫硫工場流程圖 
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