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1. 緣起

石化事業部成立後，已擬定長期發展策略，開發新產品，提昇產品競爭力，以追求最大營收目標。為了解世界各國石化上下游產品動態、新產品開發趨勢、市場變動情況，積極掌握新技術，製造新產品，故訂定計畫，安排本次新製程及技術的參訪工作。
本事業部已擬定民國95~99年將進行一系列建廠及擴廠計畫，為配合該等計畫之推動，依編定的出國計畫安排本次參訪行程，藉以了解石化新產品的技術開發情形以及研討石化公司的最適化煉製結構，以利各項擴產工作的順利進行。

2. 出國行程與活動日程

出國行程

93.10.03
啟程 (高雄 ( 桃園中正機場( 洛杉磯 ( 休士頓)

93.10.04~93.10.04
參訪GTC公司研討新的節能技術、芳香烴萃取技術及TDP-1觸媒性能。

93.10.5~93.10.8
(休士頓(芝加哥)

參訪UOP公司研討媒組工場擴產相關細節、二甲苯工場PX生產、轉烷化技術。

93.10.9~93.10.10返程 (芝加哥(洛杉磯(桃園中正機場( 高雄)。
3. 參訪GTC公司

一、GTC公司簡介

GTC(Glitch Technology Corp.)原屬於Lyondell公司內專門從事於分餾塔設計的部門，於2002年由韓國LG-Caltex及其他投資者共同出資買下，經營者為台灣華僑，在化工業界個人成就非凡。專精於石化製造程序的研發，轄下並擁有芳香烴生產工場。目前該公司銷售的專利製程有：GT-BTXSM、GT-IsomPXSM、GT-STDPSM、GT-StyreneSM、GT-CrystPXSM、GT-DeSulfSM、GT-DMTSM、GT-TransAlkSM、GT-TolAlkSM、GT-SRESM等。GTC並與多家生產技術廠家如Lyondell、Sud-Chemie合作，代理銷售其製程技術或觸媒。本事業芳三組今年(2004)更換的轉烷化觸媒生產者為Sud-chemie公司，即為GTC代理銷售。目前全公司員工人數約40人，主要部門分為技術、銷售、試驗工場及觸媒生產部門。

二、討論內容

a.主要專利製程介紹

1. GT-BTXSM:以萃取蒸餾方式分離芳香烴，相較於傳統的`萃取更具有低投資成本、操作簡化及成本低的優點。傳統的液相萃取技術與萃取蒸餾技術比較如下：
表一、芳香烴萃取製程技術比較

	
	液相萃取
	萃取蒸餾

	製程專利商
	UOP、ARCO
	GTC、Lyondell、Krupp Uhde

	進料成份要求
	不含四碳烴、僅允許少量五碳烴及奈，以免影響產品純度以及造成塔槽Foaming
	允許四碳烴等輕成份

	溶劑
	以薩弗南Sulfolane為主流
	Morphylane、ACN、Tech+V100

	設備
	萃取塔、水洗塔、汽提塔、水提塔、回收塔、苯塔、甲苯塔
	萃取蒸餾塔、回收塔、苯塔、甲苯塔

	產品及回收率
	高純度苯、甲苯(<99.9%)
回收率<98%
	高純度苯、甲苯(99.99%)回收率>99.9%


萃取溶劑對不同成份的溶解度不同，碳數愈小則溶解度愈高，芳香烴>烯烴及奈>飽合烴，故進料中如含有4碳烴以下成份，容易進入萃取油，影響後面產品的分餾。溶劑對碳烴化合物溶解度趨勢如如下(圖一)：

圖一、溶劑對碳烴化合物的溶解度關係
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但萃取蒸餾技術則因萃取與蒸餾兩種操作同時存在，低碳數的化合物相對揮發度高，即使被溶劑溶解，仍可由萃取蒸餾塔頂部分隨萃取油分離出來。
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在流程方面，其主要差異點在萃取區，相關流程如圖三、四所示。
圖三、溶劑萃取流程

[image: image22.png]Comparison of the Various Types
of CFE Design

Type of Exchanger

Nominal Max. Surface per shell, ft?

Max. Throughput per train, BPSD
Maximum tube (plate) length, ft
Maximum exchanger diameter, inches
Typical hot end approach, °F

Pressure drop, total of hot & cold sides, psi
Heat transfer coefficient, Btu/(hr.-ft>-°F)

6,000
8,000
26
48
125
40-50
60-80

Horizontal Vertical

40,000
15,000
80
80
80
105
35-50

Welded
Plate

65,000

60,000
50
110
60
12
70-100




圖四、溶劑萃取蒸餾流程
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2.GT-IsomPXSM:為二甲苯異構化製程，依觸媒種類不同，分為重組型及脫烷基型兩種。

3.GT-STDPSM:為甲苯不均化反應，以甲苯為進料，產品有二甲苯及苯，目前GTC已有商業化工場，一套製程的設計費約50萬美金。

4.GT-StyreneSM: 以萃取蒸餾方式分離裂解汽油中的苯乙烯，取代傳統的蒸餾方式，具有低成本、容易操作的優點。

5.GT-CrystPXSM: 以冷凍結晶及離心的方法，取代吸附分離方法，自混合二甲苯原料中將對二甲苯純化，可處理高、低不同濃度的二甲苯進料，有生產成本低的優點。

6.GT-DeSulfSM :降低芳香烴產品的含硫量，而不影響芳香烴品質，採用高選擇性脫硫觸媒，改善油品品質。
7.GT-TransAlkSM:以甲苯及重芳香烴，經沸石觸媒反應生成苯和高品質混合二甲苯，具有高轉化率及產率的優點，其並可長期摻混重芳香烴。

8.GT-TolAlkSM:將甲苯與甲醇反應生成對二甲苯，反應器內為沸石類觸媒。

b.三芳工場擴產討論：

三芳原設計煉量每日12,000桶，擴產目標為18,000桶，三芳所需修改的設備不多，GTC評估修改方式為：

1.將閒置的二甲苯塔修改為萃取蒸餾塔，與現有萃取塔並聯操作，溶劑系統則修改為新的溶劑系統 ─ Tech+V100，原有薩弗南溶劑也改為Tech+V100溶劑。

2.回收塔修改內件，提高處理量。

3.修改苯塔及甲苯塔內件，更換為高效率塔盤。

4.流程如圖五所示。

圖五、三芳擴產建議流程圖
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c.四芳工場擴產討論：

四芳原設計煉量每日9,000桶，配合三輕更新案後增產的芳香烴原料提高產能，擴產目標為18,900桶，所需修改規模較大，GTC評估修改方式為：

1.新增萃取蒸餾塔一座，與現有萃取塔串聯操作，溶劑系統則修改為新的溶劑系統 ─ Tech+V100，原有薩弗南溶劑也改為Tech+V100溶劑。

2.新增回收塔一座，提高處理量。

3.新增苯塔及甲苯塔一座。

4.流程如圖六所示。

圖六、四芳擴產建議流程圖
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由於三/四芳香烴萃取工場均為UOP專利製程，若提供資料由其它公司修改，會侵犯到雙方的保密協定，GTC建議由業主出面與厡製程專立廠家協商，獲取同意書再進行，是否可行仍須與法務人員討論，以釐清進行方式。

4. 參訪UOP公司

一、UOP公司簡介

UOP公司擁有60種專利製程，獲有之專利達10,000份以上，使用其專利製程設計的工場達4,200座以上，以下為其專利製程介紹(UOP公司相關資訊可由網站 http://www.uop.com 查詢)：

1.1原油煉製(圖七)
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1.2.汽油生產製程：
  1.2.1 CCR PLATFORMING   

1.2.2 PENEX – C5/C6 Catalytic Isomerization

1.2.3 PENEX PlUS– C5/C6 Catalytic Isomerization

1.2.4 TIP $ SAFECAT –C5/C6 Zeolite Isomerization

1.2.5 BENSAT – Benzene Hydration in Gasoline

      1.2.6 I-FORMINg – Heavy Paraffin Cracking

      1.2.7 H-F ALKYLATION – ALKYLATE PRODUCTION

      1.2.8 CATALYTIC CONDENSATION – Light Olefin Convert to Gasoline 

1.2.9 ALKYMAX – RON Improve from LPG

1.2.10 ETHERMAX - MTBE、TAME、ETBE Production

1.2.11 BUTAMER – N-Butane convert to IsoButane

1.3.轉化製程

1.3.1 UNICRACKING – HydroCracking

1.3.2 FCC – Catalytic Cracking 

1.3.2 RCC – Catalytic Cracking

1.4.處理製程

1.4.1 MEROX – Mercaptan Sulfur Control 

1.5.氫氣處理裝置

1.5.1 POLYBED PSA – Hydrogen purification 

1.5.2 Advanced Membrane System - Hydrogen purification 

1.5.3 COLD BOX SYSTEM - Hydrogen purification 

1.6.殘渣油處理

1.6.1 RESIDUE UPGRADING – Carbon Rejection or Solvent extraction

1.6.2 DEMAX – Solent Extraction

1.6.3 RCD UNIBON – Hydrogen – addition process

1.6.4 GENERIC PROCESS - Coking、Visbreaking、Thermal、Crude Distillation、Hydrotreating

1.7.石化品生產製程

1.7.1 SULFOLANE – Solvent Aromatic Extraction  

1.7.2 CARON – Aromatic Recovery

1.7.3 CYCLAR – Convert LPG、Butane、C5 Paraffin to Aromatic

1.7.4 PAREX -  Para-Xylene Production1.7.5 TATORAY – Toluene/C9 Disproportionation 

1.7.6 ISOMAR – Xylene Isomerization
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圖八、UOP生產方香烴專利製程彙總

1.8.烯烴生產
1.8.1 OLEFLEX – Produce Propylene from Propane

1.8.2 KLP – Produce Butadiene from Acetylenic compound

1.8.3 SHP (PLUS) – Hydrogenation of Diene to Mono-Olefin

1.8.4 ETHERMAX - Recovery  Butene-1 

1.8.5 MTBE DECOMPOSITION – Convert MTBE to Isobutylene

1.9.芳香烴衍生物 

1.9.1 ETHYLBENZENE – Convert Ethylene and Benzene to EB

1.9.2 STYRENE – Styrene mononer Production

1.9.3 CUMENE – Alkylation of Benzene and Proopylene

 1.9.4 PHENOL – Benzene to Phenol

1.10.清潔劑生產
1.10.1 MOLEX – produce Normal Paraffin

1.10.2 PACOL – Dehydration of Normal-Paraffin

1.10.3 DEFINE – Produce Liner Olefin from Liner Diolefin

1.10.4 DETERGENT ALKYLATION – Produce Detergent

1.11其它製程

1.11.1 SORBEX -  如 CYMEX、CRESEX、EBEX、SORBUTENE、OLEX、M-XYLENE

 二、討論內容

a.第四媒組可行性評估結果討論

本事業部委託UOP公司進行第四媒組工場增產的行性研究報告，增產後日產量分別為24,000、26,000、28,000、30,000、32,000桶，針對UOP提出的評估報告初稿(如附件.一)進行討論，內容如下：

1.UOP未提出進料前處理設備的評估，報告初稿結論為產能可增加至32,000桶/日，但媒組油產率則維持在50~52wt%，因本研究的主要目的是了解第四媒組的進料如能經過分餾處理，將不反應的C6-Paraffin除去，保留有效成份進入媒組工場，理論上可提高產品中芳香烴的產率，UOP同意增加本項研究，並隨即進行。UOP公司套用經Naphtha 分餾塔分餾油料做為進料後，發現約可將芳香烴產率提高1~2wt%，所能增加的芳香烴產能值得再討論是否需增設前處理設備。

2.評估結果在日煉24,000桶/日以上，加氫脫硫 (NHT)反應器需放大，但由於現場空間有限，同時現在反應狀況良好 (100%煉量時，加氫脫硫反應器的 LHSV約10.5)，觸媒至少有4年以上的壽命，CPC認為在150%煉量時應可操作2年以上，故要求UOP再進一步評估是否有必要更新反應器。UOP認為將來可朝向設計適合現有反應器基礎的方向著努力，仍有可能不必更換反應器。

3.部份需修改的蒸餾塔採用板距14”，CPC顧慮將來維修上會有困難，CPC要求至少有18”距離，UOP專家將來會進一步計算，以避免其發生。

4.在高煉量時，需修改反應器內件(將外套網改為Scallops)及更換為密度較高的觸媒(觸媒總重將增加約10%)，此修改是否會影響設備的基礎。UOP認為其他工場有做過類似的修改，但均未發生問題，但將來細部設計時會再詳細查核。
另由於反應器Scallops安裝時需考慮如何放入反應器內，以及原有outlet basket 如何移出的問題，UOP認為可從反應器頂部再生罐移開後做為進出通道，UOP將把這部份討論結果列入正式報告內。

5.評估報告未列入是否需修改空氣預熱器，經與UOP的加熱爐專家討論後，因為revamping後反應爐總加熱量為140.7mmbtu/hr，與目前設計137mmbtu/hr相差不大，認為對空氣預熱器影響不大，但需將結論補入正式報告內。

6.媒組加熱爐爐管長期操作後容易在表面形成氧化結垢層，UOP提出新型的表面處理技術，在爐管外面噴塗一層陶瓷薄膜，可有效防止氧化結垢層的產生。

7.CPC告知UOP第四媒組工場的擴產工作需與第五/六媒組一起考量，包括進料油來源、生產效亦等均須進一步討論，以決定擴建的標的。

8.UOP公司介紹Packinox換熱器設計原理(如附件二)CPC考慮先行設置Packinox換熱器以節約能源，UOP可提供設計服務，設計費約1萬美金，設計內容包括流程及設備大小設計。

b.吸附分離工場二甲苯分離塔提昇分餾效率
二甲苯分餾塔是吸附分離工場最大的塔槽，共有兩座蒸餾塔，採串聯方式操作，底部加熱爐設計換熱量達66.8mmkcal/hr，除供應塔槽分餾所須熱量外，頂部及底部熱流體並提供做為其它塔槽的熱源(萃取油塔、萃餘油塔、鄰二甲苯塔等)。如能改善其分餾效率，則可大幅降低能耗。
目前使用的塔盤為傳統的Valve tray，請教UOP是否有改良的內件，具有較高的分餾效率，利用其降低迴流量的特性以降低加熱爐負荷，達到節能的效果。

UOP提出新型的slot sieve tray，其構造簡單(為sieve tray改良型)，分餾效率較傳統塔盤為高，UOP將免費為芳三組二甲苯分餾塔進行評估，再提出改善建議。

c.新型吸附劑ADS-37(如附件三)

二甲苯吸附分離製程新型的吸附劑ADS-37已發展完成(2003年)，與目前使用的ADS-27差異大致如下：有效吸附體積增加6%，以及耐壓能力較ADS-27為佳，亦即操作壽命較長。

圖九、ADS-27與ADS-37比較
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5. 結論
一、林園石化工業區乃是政府籌劃十項經濟建設之一，為國家重要經濟基石。本公司林園石化廠在本工業區內肩負上游供料的重大任務，工業區內20家廠家以及仁大工業區部分廠家，均仰賴林園石化廠供應石化原料。近年來國內經濟繁榮，石化產品技術日新，石化中下游廠家產能亦逐年擴增，本公司產品產能雖亦有增加，但增產幅度不大。主要原因為增產案工程大、施工期間長達數月，嚴重影響對下游廠家之正常供料，執行困難度高。自去年已來，石全球景氣逐漸復甦，加上原油價格翻揚，更助長石化原料的漲勢。芳香烴類產品苯、對二甲苯及鄰二甲苯價格自民國92年隨原料逐步上漲，目前對二甲苯價格達每公噸935-945美元，鄰二甲苯每公噸為840-845美元，苯每公噸1,000美元以上，相較於最低時的200-300美元高漲許多。媒組、芳香烴萃取工場及轉烷化工場是二甲苯工場的上游工場，目前產能不足以應付三套二甲苯工場所需的原料，故第四媒組、三芳及第一轉烷化工場擴建計畫應儘力推動，以紓解二甲苯生產原料的不足。大林廠五、六媒組工場亦計畫推動擴產計畫，勢必對原料來源產生排擠效應，需再進行統合規劃。

二、台塑六輕一、二、三期計畫已完成，目前正積極進行第四期擴建工程，本公司面對競爭加劇，更應積極掌握現有客戶，進而滿足客戶需求，要達成此一目標，最可行的方法即是提高原料–混合二甲苯供應能力，以紓解二甲苯工場生產原料不足的問題，降低成本，提升產品競爭力，增加公司盈收。

三、第四媒組工場擴產可行性經UOP評估結果，提昇產能至每日30,000桶確屬可行，三/四芳工場則確定萃取蒸餾技術亦可達成50%~100%的增產幅度，將來採用何種方式進行，需再經製程評選方式才能確定，目前努力的方向為建立內部共識，陳報公司成立新案。

四、此次拜訪UOP及GTC公司，除了膫解其芳香烴技術發展外，更重要的是技術能力的整合，如萃取蒸餾技術、新觸媒等等，以便在本次擴產計畫充份考慮新技術引入，增加競爭力。本公司面臨自由化及民營化之壓力，於擴產過程一體規劃製程整合，是最佳時機。

6. 誌謝
感謝各級長官支持及核派職前往美國參加本次研習，收穫豐碩。

同時感謝單位同仍及家人於公出時間內分擔及協調工作，使公務及家庭得以繼續推動及維繫，於此一併誌最深謝忱。

附件一、第四媒組工場擴產可行性研究報告(Draft)

1. Executive Summary

1.1 Project Background

Chinese Petroleum Corporation in Taiwan (CPC) contracted UOP LLC to perform a Revamp Scoping Study for the Naphtha Hydrotreating and No. 4 UOP Platforming Units at CPC’s Lin Yuan Refinery in Kaohsiung, Taiwan.  Subject to the cost of modifications and a maximum aromatics production operating severity, the study’s objective was to determine the most economical of the following five throughputs:  24, 26, 28, 30 and 32 MBPSD.  Major equipment in this study included reactors, fractionators, fractionator reboilers and feed-bottoms exchangers, fired heaters at reactor sections and fractionators, combined-feed exchangers, recycle compressors, net gas compressors, and the CCR burn zone.

UOP designed the Naphtha Hydrotreating Unit (UOP Project No. 6345) and No. 4 CCR Platforming Unit (UOP Project Nos. 6346, 6347) in 1974.  Processing first began on November 8, 1977.  UOP designed these units to operate at 20 MBPSD with 98.0 C5+ reformate RONC and designed the atmospheric CCR Regenerator section to circulate catalyst at 300 lb/h and to burn coke down to 5%.

1.2 Establishing Target Revamp Capacity

The revamp target capacity should be chosen based on an economic evaluation of the estimated revamp cost and benefits.  In order to establish the target revamp capacity, UOP developed a yield estimate for each of the five following throughputs:  24, 26, 28, 30, and 32 MBPSD.  UOP evaluated revamp alternatives in order to minimize capital investments, such as adding shells to combined-feed and feed-bottoms exchangers in lieu of replacing fired heaters.  The study shows that the 32 MBPSD case yields a payback period less than 2 years and so is the most economically attractive target revamp capacity.  The following chart depicts the costs versus benefits associated with this revamp scoping study.
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1.3 Cost Analysis

The following table is a summary of the equipment modifications required at each revamp case along with the cost estimates for those modifications.  These costs represent U.S.A. Gulf Coast fabrication to UOP standards for new equipment on a July, 2004 basis.

Table 1 - Equipment Cost Estimate Summary, in US $MM
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24

26

28

30

32

NHT & O2 Stripper

1. NHT Combined Feed Exchanger (new)

0.21

0.23

0.27

0.28

0.32

2. NHT Reactor (new)

0.30

0.32

0.35

0.37

0.41

3. NHT Catalyst (new)

0.10

0.11

0.12

0.12

0.13

4. Stripper Feed-Bottom Exchanger (new)

0.10

0.10

0.11

0.14

0.17

5. O2 Stripper Re-Tray

n/c

n/c

0.03

0.03

0.03

6. NHT Stripper Re-Tray

n/c

n/c

0.06

0.06

0.06

CCR Platformer

1. Packinox Combined-Feed Exchanger (new)

1.62

1.70

1.79

1.87

1.99

2. Combine IH#2,3 & Add New IH#3

0.97

1.00

1.03

1.09

1.11

3. Reactor Scallops (new)

0.16

0.16

0.16

0.16

0.16

4. Reactor Bypasses (new)

0.10

0.10

0.10

0.10

0.10

5. Platforming Catalyst (new load)

0.73

0.73

0.73

0.97

0.97

6. CCR Modifications

0.19

0.19

0.19

0.19

0.19

CCR Platforming Fractionation Section

1. Debutanizer Re-Tray

0.10

0.10

0.10

0.17

0.17

2. Debutanizer Feed-Bottom Exchanger (new)

0.14

0.15

0.15

0.17

0.21

3. Rerun Column Re-Tray

0.14

0.17

0.17

0.17

0.15

4. Parallel Rerun Column w/ Equipment (new)

n/c

n/c

5

0.43

0.66

1.10

Equipment-Only Cost 

1,2

4.86

5.05

5.78

6.54

7.25

Installed Cost Estimate

3

12.16

12.62

14.45

16.34

18.12

Benefits ($MM/Year)

4

3.96

5.94

7.92

9.90

11.88

Simple Payback (Years)

3.07

2.12

1.82

1.65

1.53

1

 Accuracy of Equipment Costs is +/- 30%.

3

 Installed cost multiplier assumed to be ~2.5.

4

 Based on US$ 3/BPSD Margin for throughputs exceeding 20 MBPSD and for 330 days per year.

5

 n/c = no change

2

 The cost of the basic engineering design, modifications to the small items, such as control valves, 

as

piping, instrumentation and pumps are not included.


1.4 Key Revamp Recommendations 

The study shows that the major bottlenecks for capacity increase are in several areas.  The new equipment and the modifications to the existing equipment requirements are summarized as follows:

The Key Recommendations resulting from the Revamp Scoping Study are:

· Replace Platforming CFEs to single Packinox CFE

· Combine No. 2 and No. 3 Interheaters (for new No. 2 Interheater)

· Build a new No. 3 Interheater

· Add a Triple Reactor Bypass and Scallops to Add Pinning Margin

· Add one Rerun Column in Parallel to Satisfy Reformate Product Specifications

· For 30 MBPSD Throughput and Above, Utilize R-264 Catalyst to Satisfy Reformate Specifications, Reduce Coke Generation, and Add Pinning Margin

· Modify CCR Equipment to Increase Catalyst Circulation from 300 lb/h to 600 lb/h to Increase the Coke Burning Capacity

· Re-tray Fractionators (Oxygen Stripper, NHT Stripper, Debutanizer, Rerun Column) to Satisfy Product Specifications and Meet Hydraulic Constraints
· Add Shells to Existing NHT Combined-Feed Exchanger and Feed-Bottom Exchangers (NHT Stripper, Debutanizer).
· Replace the existing NHT Reactor with New.
1.5 Next Step

Because the Platforming Charge Heater, Interheater No. 2, and pinning become limiting even at the minimum 24 MBPSD throughput case, significant capital investment is required very early for all throughput cases.  This dilutes the significance associated with each throughput case, and leads one only toward evaluation of the maximum throughput case, its true feasibility, and its real installed cost.

Exceeding 32 MBPSD is not economical, since the following equipment will reach operational limits:

1. Platforming Charge Heater

2. NHT Charge Heater

3. NHT Stripper Reboiler Heater

4. Debutanizer Reboiler Heater

5. Net Gas Compressor

Based on this study, UOP recommends that CPC proceed with an additional revamp feasibility study or to proceed to Schedule A detailed design based on the 32 MBPSD throughput case.  The following chart depicts the costs versus benefits associated with this revamp scoping study.

Once the final revamp target is selected, the BTX complex needs to be evaluated for changes in the performance envelope and possible bottlenecks as imposed by the feed to the complex.  The BTX complex could be optimized for yield, capacity, and energy improvements.
2. Study Results and Discussion

The results of the revamp study are discussed in this section.  The results are sorted by process unit and by major equipment, summarized in tables for each throughput case.  Following each result summary table is a discussion of the relevant results.  The discussion indicates which modifications have been made and for what reason(s).  The sections to be discussed are as follows…

· Oxygen Stripper

· NHT Reactor and Stripper Sections

· Platforming Process Unit

· Reactor and Regenerator Sections

· Fractionation Section

· Recycle Gas Compressor

2.1 Oxygen Stripper Revamp Summary

2.2 CCR Platforming Unit Process Revamp Summary
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CCR Platformer Section

Feed IBP

°F

157

157

157

156

156

10%

°F

193

193

193

193

193

50%

°F

226

226

226

226

226

90%

°F

299

299

299

299

299

EP

°F

345

345

345

345

345

Feed API

61.1

61.1

61.1

61.0

61.1

Feed Paraffins

wt%

65.1

65.1

65.1

65.1

65.2

Feed Naphthenes

wt%

24.2

24.1

24.2

24.2

24.1

Feed Aromatics

wt%

10.7

10.7

10.7

10.7

10.7

Feed Flowrate

MBPSD

24.0

26.0

28.0

30.0

32.0

Feed Flowrate

MTD

2798

3031

3264

3498

3730

Catalyst Type

R-134

R-134

R-134

R-264

R-264

Catalyst Quantity

MT

34

34

34

40

40

LHSV

h

-1

2.65

2.87

3.09

3.31

3.53

LPS Temperature

°F

100

100

100

100

100

LPS Pressure

psia

130

130

130

130

130

Recycle Gas Hydrogen Content

vol%

80.6

81.3

81.6

81.7

81.9

H2/HC at Charge Heater Inlet

lbmole/lbmole

2.0

2.0

2.0

2.0

2.0

Rx_1 H2/HC

lbmole/lbmole

1.7

1.6

1.5

1.5

1.4

Rx_2 H2/HC

lbmole/lbmole

2.4

2.2

2.0

2.1

2.0

Rx_3 H2/HC

lbmole/lbmole

2.6

2.4

2.2

2.3

2.2

Rx_4 H2/HC

lbmole/lbmole

3.0

3.1

3.0

3.0

3.0

Rx_1 Bypass Opening (for Pinning Margin)

%

17

22

27

23

28

Rx_2 Bypass Opening (for Pinning Margin)

%

5

12

20

14

21

Rx_3 Bypass Opening (for Pinning Margin)

%

10

16

23

19

25

Rx_1 Pinning Margin

%

21

21

21

20

21

Rx_2 Pinning Margin

%

21

20

20

20

20

Rx_3 Pinning Margin

%

21

20

20

20

20

Rx_4 Pinning Margin

%

> 94

93

72

82

74

WAIT

°F

995

995

995

995

997

Total Reactor dT

°F

382

394

413

393

403

Total Aromatics Yield

wt%

54.2

53.2

53.1

52.7

51.9

Total Aromatics Production

MTD

1517

1613

1732

1845

1937

BTX Aromatics Production

MTD

1168

1237

1325

1410

1477

Hydrogen Yield

SCFB

1216

1191

1186

1173

1146

Required Catalyst Circulation

lb/h

593.6

551.6

516.8

470.5

479.0

Estimated Coke Generation

lb/h

29.7

27.6

25.8

23.5

24.0

Reformate Non-Aromatics Content

%

34.1

36.8

37.2

37.9

39.5

DeC4 Btm C5+ RONC

97.4

96.2

96.0

95.7

95.1

Rerun OH C9+ Content

%

0.50

0.50

0.50

0.50

0.50

Rerun Btm A8 Content

%

0.20

0.20

0.20

0.20

0.20


Discussion

1. For the 24, 26, and 28 MBPSD throughput cases, UOP applied the kinetics of R-134 catalyst, per the Agreement; however, R-264 catalyst was the better choice for the 30 and 32 MBPSD cases, mostly due to the greater presence of C9 paraffins in the reformate.  These C9 paraffins continued to increase in the reformate with increasing throughput, since the WAIT was to be fixed at 995°F for all cases (per the Kickoff Meeting Notes).  In addition, the Rerun Column Overhead stream’s 0.5 wt% C9+ specification could not be satisfied at 30 and 32 MBPSD with R-134 catalyst. For the 32 MBPSD case, UOP generated a yield estimate at 997°F WAIT.  At 997°F WAIT, sufficient C9 paraffin conversion occurs so as to sufficiently improve the reformate stream quality up to CPC’s 0.5 wt% C9+ specification.

2. Because negligible pinning margin is available above 20 MBPSD, UOP chose to replace all the reactor outlet baskets with scallops, and to install bypass flow control lines for every reactor.  Adding the scallops and the catalyst change to R-264 (30 and 32 MBPSD throughput cases only) increases the pinning margin available.  UOP adjusted the bypass flow openings as necessary to achieve a minimum 20% pinning margin for all reactors for all cases.  Included in the cost estimate for the bypasses are flow control valves (with handwheels for isolation) and dP orifice meters for flow measurement and control.  Specifications for these control valves would be provided with a Feasibility Study or Schedule A Design Package.

3. Also included in the summary table are the new aromatics yields associated with each throughput case.  For example, for the 32 MBPSD case, the total aromatics yield is 51.9 wt%, the total aromatics production is 1937 metric tons per day (MTD), and the BTX aromatics production is 1477 MTD.  The quality of the reformate stream is as per CPC’s specification, maximum 0.5 wt% C9+.

2.3 CCR Revamp Summary
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Discussion

The objective of the revamp scoping study is to evaluate and increase, if necessary, the capability of the existing CCR Regeneration Section to allow the No. 4 CCR Platforming Process Unit to reach its revamp objectives.  In order to meet the objectives, the catalyst circulation rate of CCR must be increased – depending on the case chosen – to a value between 204 kg/hr (450 lb/hr) and 272 kg/hr (600 lb/h) with 5 wt % coke on the catalyst. The catalyst used for the operation at the revamp conditions is case-dependent.  Given the expected increase in circulation rate required for the CCR section and the 5 wt% coke on catalyst limit, it is estimated that the following equipment will most likely require modification and/or replacement to reach the new processing objectives:
 
New Equipment
Catalyst Collector

A replacement catalyst collector is required for increased catalyst circulation rate.
Lock Hopper No. 1

A replacement hopper is required for increased catalyst circulation rate.
Lift Engager No. 1

A replacement lift engager is required for increased catalyst circulation rate.
Lock Hopper No. 2

A replacement hopper is required for increased catalyst circulation rate.
Lift Engager No. 2

A replacement lift engager is required for increased catalyst circulation rate.
Air Heater

A replacement electric heater is required for increased catalyst circulation rate.
Recycle Gas Cooler

A replacement exchanger may be required.
 
Modified Equipment
Regeneration Tower

The existing regeneration tower will require modifications for increased catalyst circulation rate.
Disengaging Hopper

The existing disengaging hopper will require modifications for increased catalyst circulation rate.
Surge Hopper

The existing hopper will require modifications for increased catalyst circulation rate.
Regeneration Blower

Modifications to the blower will be required for increased catalyst circulation rate.
Lift Gas Blower

Modifications to the blower will be required for increased catalyst circulation rate.
  
It is the recommendation of this study that a further evaluation be done on the CCR section after the Platfoming Process Unit processing objective is finalized and a final CCR rate is established.   This evaluation would be purchased from UOP by CPC in the form of a Process Revamp Study.
2.4 CCR Platforming Unit Reactor Section Revamp Summary
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Charge Heater Inlet Temperature

°F

868

864

861

862

862

Charge Heater Outlet Temperature

°F

995

995

995

995

997

Charge Heater dP

psi

4.5

5.2

5.8

6.6

7.1

Charge Heater Duty

MMBtu/h

34.04

37.85

41.53

43.93

47.57

Charge Heater Flux

Btu/h

·

ft

2

14620

16260

17840

18869

20434

Rx #1 dT

°F

145

145

150

143

143

Rx #1 dP

psi

2.4

2.4

2.3

2.9

2.9

Orifice #1 dP

psi

4.7

4.7

4.6

5.7

5.7

Interheater #1 Inlet Temperature

°F

850

850

845

852

854

Interheater #1 Outlet Temperature

°F

995

995

995

995

997

Interheater #1 dP

psi

3.4

3.4

3.3

4.1

4.1

Interheater #1 Duty

MMBtu/h

32.44

32.59

33.70

36.29

36.20

Interheater #1 Flux

Btu/h

·

ft

2

11270

11320

11706

12604

12575

Rx #2 dT

°F

100

105

112

104

108

Rx #2 dP

psi

2.6

2.6

2.5

3.1

3.2

Orifice #2 dP

psi

5.2

5.3

5.3

6.3

6.4

Interheater #2 Inlet Temperature

°F

895

891

883

891

889

Interheater #2 Outlet Temperature

°F

995

995

995

995

997

Interheater #2 dP

psi

3

3

3

3

3

Interheater #2 Duty

MMBtu/h

25.89

27.43

29.64

30.92

32.59

Interheater #2 Flux

Btu/h

·

ft

2

22240

23560

25460

26566

27997

Rx #3 dT

°F

79

83

88

84

87

Rx #3 dP

psi

1.6

1.6

1.5

1.9

1.8

Orifice #3 dP

psi

4.7

4.7

4.7

5.6

5.7

Interheater #3 Inlet Temperature

°F

916

912

907

911

910

Interheater #3 Outlet Temperature

°F

995

995

995

995

997

Interheater #3 dP

psi

2.3

2.3

2.3

2.8

2.8

Interheater #3 Duty

MMBtu/h

19.21

20.53

22.00

23.16

24.27

Interheater #3 Flux

Btu/h

·

ft

2

20660

22080

23653

24898

26092

Rx #4 dT

°F

57

61

64

63

65

Rx #4 dP

psi

1.9

2.2

2.4

2.7

3.1

Orifice #4 dP

psi

8.6

9.7

11.0

12.6

14.0

CFE Hot Side Inlet Temperature

°F

938

934

931

932

932

CFE Hot Side Outlet Temperature
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Discussion
1. The maximum acceptable heat flux for the Platforming Charge Heater and Interheaters was set at 22,000 Btu/h∙ft2.  Because the Interheater No. 2 heat flux exceeds the 22,000 Btu/h∙ft2 target limit, it needs to be augmented or replaced.  Interheater Nos. 2 and 3 (P-H3, P-H4) should be combined into a single, new Interheater No. 2 (piped in series) and a new Interheater No. 3 should be added for all cases.  The combined duty of the new Interheater No. 2 will be sufficient for all cases.  The new Interheater No. 3 duty depends upon the throughput case chosen (here, 32 MBPSD).
2. Replacement of P-E1 A/B (vertical shell-and-tube “Texas Tower”, single pass) is required for all throughput cases.  Continued usage of these two exchangers at the minimum 24 MBPSD throughput case would require replacement of the existing Charge Heater P-H1.  Besides having the benefit of improved heat recovery, the Packinox type exchanger also has the benefits of reduced plot space and reduced pressure drop.

2.5 CCR Platforming Debutanizer Column Revamp Summary
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Discussion

1. To avoid having to replace the Debutanizer Reboiler Heater, additional process heat exchanger surface is required for the Feed-Bottoms Exchanger (P-E5) for all cases.

2. For all the throughput cases, UOP found that the Debutanizer requires more trays to satisfy the Depentanizer Overhead C4- specification (< 0.2 wt%) and the Deethanizer Bottom C5+ specification (< 1.5 vol%).  The additional trays also help to keep the required reboiler duty from exceeding 12,000 Btu/h∙ft2 radiant flux.  UOP specified 30 MD trays for the rectifying section (14 inch spacing) and 29 MD trays for the stripping section (12 inch spacing).  Furthermore, in order to prevent flooding in the rectifying section, the Debutanizer’s rectifying section diameter will have to be increased for all cases from a 6 ft to 7 ft.

3. The maximum acceptable Debutanizer Reboiler Heater radiant heat flux was set at 12,000 Btu/h∙ft2.  A more detailed study will be required to determine the best means to achieve flux rates up to this limit:  burners, combustion air flow and temperature, etc.  The Reboiler Heater does not require replacement at any throughput case.
2.6 CCR Platforming Depentanizer Column Revamp Summary
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Discussion

1. The Depentanizer Column and Reboiler do not require replacement or modification for all the throughput cases.

2.7 CCR Platforming Rerun Column Revamp Summary

[image: image8.wmf]Throughput Case

MBPSD

24

26

28

30

32

two towers

two towers

two towers

Rerun Column

Feed Flow

MBPSD

16.48

18.21

17.3/2.4

16.5/4.7

11.4/11.4

Net OH Flow

MBPSD

13.97

15.47

14.6/2.0

14.0/4.0

9.7/9.7

Btm Flow

MBPSD

2.53

2.75

2.6/0.4

2.5/0.7

1.7/1.7

Reflux Flow

MBPSD

10.90

13.60

13.6/1.9

14.0/4.0

16.0/16.0

Top Temperature

°F

283

282

281

281

280

Top Pressure

psia

30

30

30

30

30

Reflux Temperature

°F

235

235

235

235

234

Btm Pressure

psia

33

34

34

34

34

Bottom Temperature

°F

404

404

403

403

403

Jet Flood

%

81

89

89

89

82

New # Trays (Existing Column)

ECMD (MD)

59

59

59

59

(59)

Reboiler Duty

MMBtu/h

44.93

52.07

50.6/7.0

46.4/13.2

46.2/46.2

Reboiler Heater Radiant Heat Flux

Btu/h

·

ft

2

9884

11460

11123

11018

10157

OH Non-Aromatics Content

wt%

34.1

36.8

37.2

37.9

39.5

OH C9+ Content

wt%

0.50

0.50

0.50

0.50

0.50

Btm A8 Content

wt%

0.20

0.20

0.20

0.20

0.20


Discussion

1. For the 24 and 26 MBPSD throughput cases, the Rerun Column only requires re-traying, with 29 MD trays specified for the rectifying section and 29 ECMD trays specified for the stripping section (12 inch tray spacing for both sections).  The re-traying is required to satisfy the C9+ in Overhead specification   (< 0.5 wt%) and the A8 in Bottom specification (< 0.2 wt%), while at the same time satisfying the jet flood constraint and avoiding replacement of the reboiler heater.

2. For the 28+ MBPSD throughput cases, the Rerun Column requires re-traying similar to the lower throughput cases, though with MD trays for both the rectifying and stripping section.  An additional fractionator is required to process that portion of the feed that cannot be processed satisfactorily in the existing fractionator (product specifications cannot be satisfied).  At the 28+ MBPSD throughput cases, satisfying the C9+ in Overhead specification is not feasible with ONLY the existing Rerun Column and Reboiler Heater.  For the 30 and 32 MBPSD throughput cases, UOP chose to change the R-134 catalyst to R-264 to increase C9 paraffin conversion.  At 28 and 30 MBPSD, only a smaller additional fractionator is required.  At 32 MBPSD, a parallel, same-size, re-trayed Rerun Column with Reboiler Heater is required to meet the product specifications.

2.8 CCR Platforming Deethanizer Column Revamp Summary
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附件二、板式換熱器技術介紹
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附件三、UOP新型吸附劑ADS-37介紹
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圖二、碳烴化合物汽液平衡關係
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UOP’s Commitment to Parex Technology


■ UOP’s mission is technology innovation


■ UOP helped pioneer the petrochemical industry and has been developing technology for this industry for over 60 years


■ UOP introduced the Parex process in 1970 and has been improving it ever since


■ UOP is committed to continual improvement in para-xylene recovery technology
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Introducing New ADS-37 Adsorbent


■ Latest adsorbent development in a long series of


Parex process improvements


■ Uses same zeolite as well-proven ADS-27


■ Adsorbent formulation optimized to improve performance 


■ Drop-in replacement for previous ADS-7 and ADS-27 adsorbents


■ Now ready for commercialization








ADS-37 is Part of UOP’s Commitment


to Continual Technology Improvement


■ ADS-37 represents improvement over previous Parex adsorbents in every respect


■ ADS-37 will facilitate expansion of existing Parex units


■ ADS-37 will reduce the investment and operating costs of new Parex units.
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Comparison with ADS-27


■ ADS-37 exhibits 6% higher capacity than ADS-27


– Lower A/Fa required


– Existing Units: higher PX product rate


– New Units: smaller adsorbent chambers, less desorbent circulation


■ ADS-37 selectivity is equivalent to ADS-27


■ ADS-37 is more resistant to attrition than ADS-27


– Better able to withstand aggressive operation


■ ADS-37 will replace ADS-27 as standard adsorbent for the UOP Parex process
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