摘要

油品含硫標準的日趨嚴格，是世界各國油品質量與標準的發展趨勢，例如，目前先進各國的環保法規要求柴油中硫含量需在50 ppm以下，數年後，則需降到15 ppm或10 ppm以下。以傳統加氫脫硫技術生產超低硫柴油，其設備投資大、操作費用高，導致柴油生產成本大幅攀升。因此，許多研究機構開發新穎的柴油脫硫技術，其中又以氧化脫硫最受矚目，成為熱門的研究焦點。氧化法脫硫的原理係利用過氧化物將油品中的硫化物氧化成sulfones，再利用分離程序將sulfones移除而得到超低硫柴油。目前擁有氧化脫硫技術的公司有UniPure、UOP/ENI、以及中油公司。

中油公司所開發的無水氧化脫硫生產超低硫柴油製程當中包含三部份：（一）將乙醛氧化生產無水過氧乙酸之技術，（二）利用過氧乙酸將柴油中任何硫化物氧化變成硫氧化物（Sulfones，砜類）之技術，（三）利用溶劑萃取等方法去除硫氧化物得到乾淨柴油之技術。此種新穎的脫硫技術是煉製研究所與加拿大University of Alberta化工系莊子棠教授共同開發，已於民國93年11月申請美國專利，接著亦申請PCT與台灣的專利。在真空製氣油(VGO)的脫硫脫氮的技術方面，則已經完成相關的實驗工作，目前正著手撰寫專利，預定於今年度完成專利的申請。此外，煉製研究所也同步進行日煉量1桶的氧化脫硫試驗工場之興建，預定於民國96年上半年度開爐試車。

此次於AIChE的春季研討會發表本公司開發的氧化脫硫技術，其目的是將此新的脫硫技術引進全球的化工煉油領域，讓更多人獲得該技術的相關訊息，同時也讓世人了解本公司也具有開發全球領先技術的能量。在結束AIChE春季研討會的行程後，又參加了旅美台灣僑胞舉辦的美南國建會，相同地，以介紹氧化脫硫技術為主軸，讓與會人士了解本公司的研發現況，同時也請在美國石油煉製與化工領域任職的先進們，提供寶貴的意見，做為後續的技術開發的參考。

關鍵詞：無水氧化脫硫脫氮，柴油深度脫硫，真空製氣油脫硫脫氮
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壹、前言：
油品含硫標準的日趨嚴格，是世界各國油品質量與標準的發展趨勢，例如，歐美先進國家的環保法規要求柴油中硫含量之時程如下：

•US:      30~500 ppm (2005)    15 ppm (2010)
•EU:       10~50 ppm (2005)    10 ppm (2010
)
台灣目前的市售柴油硫含量也已經達到50 ppm的世界水準，環保署則暫定民國100年要求柴油的硫含量降低至15 ppm甚至10 ppm。

以傳統加氫脫硫技術生產超低硫柴油，其設備投資大、操作費用高，導致柴油生產成本大幅攀升。為了因應此種情況，許多研究機構投入開發新穎的柴油脫硫技術，例如biodesulfurized diesel、gas-to-liquid diesel、pretreater of HDS、S-Zorb(吸附法)及氧化脫硫等方法，其中又以氧化脫硫最受矚目，成為熱門的研究焦點。

氧化法脫硫其原理是利用過氧化物將油品中的硫化物氧化成sulfones，再將sulfones從油中移除而得到超低硫柴油。柴油中的硫主要以塞吩的形式存在，大約佔到柴油總硫的85%以上，其中苯並和二苯並塞吩（DBT）又佔塞吩類的70%以上。由於這些多環塞吩穩定性極強及其立體障礙的原因，即使在高溫(400℃)高壓(氣壓3.0MPa)下也很難被加氫脫除。使用氧化法恰可彌補傳統加氫脫硫的不足，選擇適當的氧化劑對上述具有立體障礙的含硫分子有較高的反應性，因此可透過氧化反應，很容易地將其轉變成sulfones類型的硫氧化物。由於在硫原子上增加兩個氧原子使其分子的極性增大，利於使用吸附或萃取的分離方式將sulfones和油分開，得到乾淨的柴油。此外，在相同的反應條件下，油品中的氮化物比硫化物更容易轉變成氮氧化物，而透過分離的程序即可輕易地將其與油分開。雖然目前法規對柴油中的氮含量並無明確的規範，但是對於VGO中的氮，特別是鹼性氮，則對媒裂觸媒(酸性)的活性有抑制的影響。若能有效地將FCC的進料中的氮降低，增加媒裂觸媒的活性，進而影響FCC的產品分佈。因此，煉研所也將無水氧化技術延伸至重油的脫硫脫氮，目前已經獲得很好的成果。值得一提的是，就目前全球正在開發的氧化脫硫技術中，僅有中油公司煉研所的技術可以應用在重油的脫硫脫氮。

為了將此新的脫硫技術引進全球的化工煉油領域，讓更多人獲得該技術的相關訊息，激發更多的人投入相關的研究，煉研所在完成相關技術的專利申請後，於去年投稿2006年的AIChE春季研討會，發表本公司開發的氧化脫硫新技術。AIChE是一個非常龐大的化工組織，所舉辦的相關研討會或是發行的期刊皆受到全球化工相關領域的人士之矚目。因此能在此類大型的國際會議中發表論文，更能讓世人了解本公司也具有開發全球領先技術的能量。在結束AIChE春季研討會的行程後，又參加了旅美台灣僑胞舉辦的美南國建會，相同地，以介紹氧化脫硫技術為主軸，讓與會人士了解本公司的研發現況，同時也請在美國石油煉製與化工領域任職的先進們，提供寶貴的意見，做為後續的技術開發的參考。

貳、行程

	日    期
	      工 作 紀 要
	    地    點

	04/22
	起程
	台北 ~ 洛杉磯

洛杉磯 ~ 奧蘭多

	04/24 ~ 04/27
	參加2006年AIChE春季研討會並發表論文，論文題目：A Novel Oxidative Desulfurization (OxyDS) Process for Diesel and VGO
	奧蘭多

	04/28
	前往休士頓參加美南國建會
	奧蘭多 ~ 休士頓

	04/29
	參加美南國建會發表論文，論文題目：A Role of Oxidative Desulfurization Process in Refinery
	休士頓

	04/29
	返程
	休士頓 ~ 洛杉磯
洛杉磯 ~ 台北


參、發表論文內容摘要

一、深度脫硫技術之比較

目前柴油深度脫硫的技術共粗分成兩大類：一為傳統加氫脫硫方式，另一則為非傳統加氫脫硫法。應用傳統加氫脫硫法達到深度脫硫的有BP(MAKFining)、Haldor Topsoe、Criterion、UOP和IFP等知名廠商。傳統方法使用改進後性能更佳的Co-Mo或Ni-Mo觸媒且提高氫氣的壓力，以達到深度脫硫的效果。非傳統方法則有biodesulfurization、gas-to-liquid pretreater of HDS、S-Zorb(吸附法)及氧化脫硫等方法，其中氧化法脫硫之原理是利用過氧化物將hydrocarbons中的硫化物氧化成sulfones，再利用分離程序將sulfones移除而得到超低硫柴油。目前擁有氧化脫硫技術的公司有UniPure、UOP/ENI以及中油公司。

二、氧化脫硫製程比較

2-1 UniPure公司氧化脫硫製程

UniPure的ASR-2脫硫製程，該法使用一種含H2O2和甲酸催化劑的水溶液作為氧化劑，在常壓、121℃下反應5min，然後相分離，可將所有的硫化合物轉化為sulfones。催化劑回收循環使用，水相中的甲酸回收，柴油先經過甲醇的萃取後，再經氧化鋁吸附處理得到超低硫柴油，而飽和的氧化鋁則以甲醇再生。該公司已經在2004年宣佈破產，因此該計劃已經宣告中止。

2-2. UOP / ENI 氧化脫硫技術

    目前僅剩下美國UOP公司和義大利ENI公司共同合作開發相關製程，該製程的License宣稱在2005年可由UOP獲得，其製程簡介如下（1）利用t-Butyl-hydroperoxide（簡稱TBHP）當氧化劑，該氧化劑必須由異丁烷直接氧化得到TBHP，利用再和柴油進行氧化反應，其氧化反應必須使用催化劑為Titania on Silica。後續的分離程序則包含以甲醇溶劑萃取油中的sulfones。然而甲醇不是很好的溶劑，無法將油中的sulfones萃取乾淨，必須再使用吸附劑如Alumina， Silica/Alumia或Y-Zeolite去除硫氧化物得到乾淨柴油。該製程使用的氧化劑TBHP和柴油當中的硫化物或氮化物氧化反應後，TBHP就還原成為t-Butyl Alcohol，此即為該製程之副產品。

2-3 中油公司無水氧化脫硫製程

本公司所開發的深度脫硫製程，將乙醛以溶劑稀釋後通入空氣(氧氣)並以適當的觸媒催化後產生過氧乙酸，再將柴油和過氧乙酸反應，將柴油中的硫化物氧化成sulfones，而過氧醋酸則轉換成醋酸。反應後的混合物以場內製造的醋酸萃取，將sulfones和柴油分開，獲得超低硫柴油。後續的分離如sulfones和醋酸在以蒸餾塔將乙酸和柴油分離。由於醋酸的萃取能力甚佳，優於前述UniPure和UOP/ENI所使用的甲醇，因此不需後續的吸附操作，即可獲得超低硫柴油。

值得一提的是，UniPure公司的深度脫硫程序中產生過氧化物時會有水的生成，其和甲酸混合後容易造成設備腐蝕，而煉研所的深度脫硫製程產生過氧化物時的副產物是醋酸，無腐蝕問題且醋酸較具經濟價值。

三、UOP/ENI與中油公司的氧化脫硫製程優缺點比較

本公司的「無水氧化脫硫生產超低硫柴油製程」和UOP/ENI氧化脫硫技術做比較，二者的優缺點如下；






   CPC Process

UOP/ ENI Process*
Application


Diesel & VGO

Diesel

Oxidant



Peracetic Acid

t-Butyl Hydroperoxide

Oxidation Catalyst
    None


Solid Catalyst

Oil Feed Pretreatment
    None


Prefer Nitrogen 












Compounds Reduction for












Catalyst Protection

Oxidation Temperature
40-60o C


Around 80o C

Oxidation Pressure

Low



Low

Oxidation Reactor Type

                      Simple Tubular

Possible Fixed-Bed 







    Reactor


Reactor Packed with












Solid Catalyst

Extraction Solvent
In-situ Generated

Methanol / Water or







Acetic Acid or 

Acetone







A Proprietary Solvent







Depending on Applications

Adsorbent

     None                Silica/Alumia, or








                  Alumina
Y-Zeolite

By-Product

   Acetic Acid


  t-Butyl Acohol
五、深度脫硫實驗結果

5-1 柴油

[image: image1.jpg]


[image: image5.wmf]將實驗中不同階段的油品送樣分析後所得的詳細硫GC圖譜，如下圖，其中進料柴油，經測定後得知硫含量為198 ppm，氧化且經醋酸萃取後的產品柴油品硫含量為10 ppm。在此圖中值得注意的是，柴油中含硫碳氫化合物在氧化前和氧化後出現在不同的時間位置上，此即表示原來柴油中的硫和過氧乙酸氧化反應後變成sulfones。
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Diesel Properties

BEFORE

AFTER

Method

Density @ 15.5

o

 C

0.826 g/ml

0.824 g/ml

ASTM D5002

Flash Point

95

o

 C

95

o

 C

ASTM D93

Pour Point

-15

o

 C

-15

o

 C

ASTM D97

Viscosity @ 40

o

 C

2.847 cSt

2.812 cSt

ASTM D445

Water & Solids

0.00 vol%

0.00 vol%

ASTM D1796

Cetane Index

54.9

55.5

ASTM D976

Corrosivity 3hr (at 50

o

 C)

1a

1a

ASTM D130

Rams Bottom Residue

0.09 wt%

0.04 wt%

ASTM D524

Ash

0.002 wt%

0.001 wt%

ASTM D482

Residue

1.6 vol%

1.6 vol%

Sulfur

198 ppm*

< 5ppm**

*ASTM D2622

Boiling Range (

o

 C)

*ASTM D5453

          IBP

218.4

217.3

          10 vol%

235.1

235.2

          20 vol%

243.2

243.1

          50 vol%

264.8

264.4

          90 vol%

319.7

317.8

          End Point

358.4

359.1

Table 2. Diesel properties of example samples 
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[image: image8.wmf]圖1、柴油進料，氧化後與產品油的詳細硫分析圖譜

圖2是柴油氧化後與產品油的顏色變化。柴油從原來的黃色經氧化後便成較深的棕色，將sulfones從油中分離後，產品柴油則變為透明。表1則是顯示柴油經過氧化後油品的品質幾乎沒有改變，甚至某些項目則變得更好。
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圖2、柴油氧化後與產品油的顏色變化
表1、柴油氧化前與氧化後產品的性質比較
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5-2 VGO

應用過氧醋酸的高反應性與無水的特性，OxyDS製程也可處理重質油如真空製氣油(vacuum gas oil, VGO)。FCC的進料經過OxyDS處理後，不但裂解的轉化率明顯地增加了且產品的分佈也獲得顯著第改善，同時降低了產品中的硫含量。因此，未來有可能不需要FCC汽油的後續脫硫設備。由於這部份的實驗數據正在撰寫專利，目前還無法公諸於世。

肆、與會經過與心得

此趟美國行共參加『AIChE春季研討會』與『美南國建會』兩個研討會，其中AIChE春季研討會與第五屆的Particle Technology年會同步舉辦。整個會場的規模相當大，此次大會共開辦了15個主題，一個主題就相當一個小型會議，其中又包含許多的sessions。此次本公司發表的論文被安排在9th Topical Conference on Refinery Processing，此主題共包含九十幾篇的論文發表，尤其在控制、加氫製程、原油三個sessions所發表的論文的數目佔該主題論文總數60%以上。我們的論文報告時間被安排在26日的上午，屬於Advances in hydroprocessing這個session。

由於此次舉辦的整個研討會會議場地相當多，職選擇參加advances in hydroprocessing這個session，該session主要探討ULSD 和ULSG的生產要求，改變了煉製工業的發展方向，發表的論文內容涵蓋加氫製程觸媒的新進展與新製程技術的開發等議題，如柴油的加氫製程之應用，FCC進料的前處理，FCC汽油的脫硫與新穎的乾淨燃油生產技術的論文，不過整個session在新觸媒的研究與開發與應用的論文發表數量最多。墨西哥的研究者Lopez等人探討加氫製程的觸媒擔體Al2O3改質Al2O3-TiO2 形式的擔體後對觸媒的影響。其報告的數據顯示，新的擔體的表面積(surface area)可達300 cm2/g以上而孔隙體積(pore volume)可達1 m3/g以上。Criterion公司的Dr.  Gabrielov 則介紹該公司新開發的FCC進料的前處理加氫觸媒。透過改善觸媒內部的擴散問題，提昇active金屬的效率與promoter metal的使用將觸媒的HDS與HDN能力提高將近30%。再者，此款FCC加氫處理觸媒的亦可改善FCC進料的品質，提高媒裂後高價值產品的產率同時抑制低價值產品的產率。並且，此新型觸媒再生處理以後，加氫脫硫活性的回收率可達90%以上，有效提昇該觸媒的經濟價值。UOP公司的Abdo介紹利用加氫裂解(hydrocracking)的方式將LCO的性質升級，該新製程稱為LCO Unicracking Process。該製程係透過觸媒的設計，讓其具有將LCO中的雙環(2-ring)和多環(polyring)的芳香烴反應變成單環芳香烴且避免加氫飽和的情況發生，且可使paraffine異構化提高油品的Octane value。

整個advances in hydroprocessing被切割成Part I, Part II和Part III，我們的論文被安排在Part III。在論文報告完畢後，許多與會的聽眾對本公司發表的論文顯現出高度的興趣，在Q&A的階段詢問許多此新技術的相關問題，如萃取造成的yield lost，sulfones的去處等。此外，在整個Q&A結束後，許多的與會人士主動前來交換名片，同時也表達對我們的新製程的意見。在這些人士中令我印象最深刻的是一位日本東北大學化工系的Prof. Smith，因為他去年受邀擔任台灣大學所舉辦的綠色產業研討會的keynote speaker，恰巧這個研討會職與所長同時參加，因此對他有些許的記憶。Prof. Smith的專長是超臨界萃取，目前他正在研究的問題在萃取前需要先進行脫硫處理，因此對我們的氧化脫硫深感興趣。另一位Battelle公司的Mr. Lorence則認為過去曾發表的氧化脫硫製程中的氧化劑如過氧化氫等，其輸儲的安全是一個相當擾人的問題，對於我們的製程所使用的過氧乙酸是場內製造的且立即使用完畢無需長期儲存，大為讚賞，認為這是氧化製程是否能商業化成功的一個重要因素。還有一位Dr. Swamy希望能將投影片的內容拷貝一份送給他，但基於VGO的部份尚未申請專利，無法答應他的請求。此外，今年3月就無水氧化脫硫製程的議題曾拜訪煉研所的加拿大Alberta Energy Research Institute的Dr. Duke du Plessis也有來聆聽論文的發表並前來與職握手寒暄。

此次到美國參加研討會，由於時差的因素，在半夜就會自動清醒過來睡不著，不過恰可利用這個時間反覆地練習英文口頭報告。本公司發表的無水氧化脫硫技術，獲得當天與會人士的熱烈迴響，表示本公司開發的新製程確實與過去曾發表過的氧化脫硫製程有所不同，商業化成功的機會相當濃厚，這對我們後續的研究信心上給予莫大的鼓舞。而且透過此次的研討會，成功地將這個新製程技術介紹給全世界認識。

在結束AIChE春季研討會的行程後，搭機前往休士頓參加美南國建會。本公司煉研所聘請的李福民顧問住在休士頓，恰逢李顧問此時返美休假期間，且發表的文章也是李顧問指導的氧化脫硫，因此李顧問也一同參加。此次美南國建會的研討會分為五個主題：煉油化工、奈米科技、多媒體技術、藝文座談與生活時尚等。另外大會邀請旅美的中央研究院院士，任教於University of Tennessee的郭位教授做Keynote演講。在煉油化工的session上共有5篇文章發表，其中和中油公司有關的文章有3篇，其中煉研所2篇，煉製事業部1篇。由於煉製事業部的劉榮宗博士無法成行，委託代為報告，其題目為『燃料環保法規對中油公司煉油廠之衝擊』。在該篇報告結束後，由美國AMT公司、加拿大University of Alberta化工系莊子棠教授及中油公司共同合作開發的催化蒸餾製程之高效能催化蒸餾塔盤的文章發表，這個催化蒸餾製程已經成功商業化，應用於PTA廠的醋酸甲酯的水解反應回收醋酸。Session主持人劉榖琛博士在會議中也是發表催化蒸餾的相關應用。兩者介紹的方式不同，AMT公司是針對催化蒸餾的設備做深入的介紹，而劉博士則是對其個人曾參與的催化蒸餾之應用製程詳加介紹。其中最令我感到興趣的一個製程是使用催化蒸餾將重組油中的苯進行氫化反應，就如同桃廠的bensat工場，其目的是為了降低重組汽油中的苯含量，符合環保規範。

在美南國建會上所發表的文章為：A Role of Oxidative Desulfurization Process in Refinery，內容除了介紹本公司開發的無水氧化脫硫製程之外，在柴油的加氫脫硫上，則增加討論結合煉油廠現有的設備與氧化脫硫製程來生產ULSD。在論文報告後的討論階段，有人提出為何這個氧化脫硫的製程進展如此緩慢，應加速測試的腳步趕快進入商業化測試。

下午的討論座談會原先設定的議題是安排有關生質能源的探討，沈繼超先生則請session的主席讓煉油經驗豐富的與會人士討論劉榮宗博士有關本公司煉製結構更新的問題，請大家提出建議。討論的氣氛相當熱絡，會後共整理出數點的建議(如附件二)請中油公司參考。

參加這次的美南國建會讓人見識到旅美的僑胞對台灣仍有一份情，也依舊相當關心台灣目前發展的動態。然而隨著台灣的進步，旅美的台灣人數已經較過去少很多，感覺此趟認識國建會的成員多是旅居美國20年以上，或許國建會需要再招募新血輪方能延續未來的路。
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Sulfur Species

Boiling Point, F

Relative Reaction

Thiophene

185

100

Benzothiophene

430

30

Dibenzothiophene

590

30

Methyl dibenzothiophene

600~620

5

Dimethyl dibenzothiophene

630~650

1

Trimethyl dibenzothiophene

660~680

1

Table 1. Typical sulfur compounds and relative HDS reactivity 

A Novel Oxidative Desulfurization (OxyDS) Process for Diesel and VGO
Tzong-Bin Lin, Project Manager

Hsun-Yi Huang, Research Engineer

Jyh-Haur Hwang, Research Engineer

Hung-Chung Shen, Director

Refining & Manufacturing Research Institute (RMRI)

Chinese Petroleum Corporation (CPC)

217, Min-sheng South Road

Chia-yi, Taiwan 60036
Karl T. Chuang, Professor

Department of Chemical Engineering

University of Alberta

Alberta, Canada
and

Fu-Ming Lee, Ph.D., P. E.

Technical Consultant

Katy, Texas

Abstract

The OxyDSTM process being developed by CPC can oxidatively desulfurize petroleum oils under non-aqueous and single phase condition, using such an active oxidant that oxidation of sulfur and nitrogen occur at low temperature and short residence time without a catalyst.  As a result, essentially all the valuable hydrocarbon components in the oils are preserved.  No troublesome waste acid regeneration associated with most other oxidative desulfurization processes is required either. Furthermore, after oxidation step the oxidant is converted into a “built-in” extractive solvent for removing oxidized sulfur and nitrogen compounds from the oxidized petroleum oils. The extraction step is so effective, that no complicated adsorption step (associated with all other oxidative desulfurization processes) is required for final polishing.  For example, sulfur in diesel was reduced from 300 to 10 ppm through this simple but effective OxyDS process.  
More significantly, this is the only known oxidative desulfurization process that can process heavy petroleum oils without difficulties, because the oxidation reactions occur in a single phase, non-aqueous environment without catalyst. The OxyDS treatment can significantly increase the quality of the FCC feed to not only substantially improve the conversion and product distribution, but also reduce the product sulfur contents.  Consequently, no post desulfurization treatment is required for FCC gasoline and light olefins.    

CPC is currently installing a continuous pilot plant at its Research & Manufacturing Technology Center in Chia-Yi, Taiwan, for commercializing of the OxyDS process.  Start-up of the pilot plant is expected forward the end of this year.
Environmental Regulations on Road Diesel Sulfur

Stringent environmental regulations on sulfur content in petroleum fuels have been continuously enacted worldwide. In the United States, gasoline sulfur level will be reduced by 90% from current 300ppm down to 30ppm and CalRFG3 called for a level of 15ppm by 2006, while European regulations set a requirement of 50ppm by 2005(1). On the road diesel fuel, most of industrialized countries have adopted for a level of 50ppm or even as low as “zero sulfur” in the future. Other countries have progressively followed up the program to reduce engine emission to improve air quality. The EPA in Taiwan more closely follows European regulations and sets a 50ppm sulfur diesel by 2007. CPC has started to provide 50ppm diesel, since September 2004 to the local market, and the other company, Formosa Petrochemical Corporation (FPC) followed immediately. Therefore, the EPA in Taiwan revised the regulation demanding 50 ppm sulfur in diesel by 2005. This is a dramatic reduction from 500ppm level only six years ago. Both oil companies in Taiwan are also actively revamping or planning for new hydrotreating units to produce 10ppm sulfur diesel. The Refining & Manufacturing Research Institute (RMRI) of CPC began oxidative desulfurization research program few years ago with a great success and the first of many U. S. patent applications has been made in late 2004. 

Low Sulfur Diesel Production Technologies

There are reports on alternatives other than the conventional hydrotreating technology to produce ULSD. For example, biodesulfurized diesel (2) or Gas-To-Liquid diesel (3) is inherently sulfur free and can be an excellent blending stock when producing in enough large quantity. There are also reports on enhancing performance of existing conventional hydrotreater operation by addition of a pretreater unit. Such a pretreater system has been designed as reactors in series (4,5) or multiple adsorbers (6). Biodesulfurization study has been the main objective for many publications (7-9). The process has limitations in relatively lower reaction rate, bacteria stability, oxygen supply, and the commercialization in the near future is in doubt. S-Zorb by ConocoPhillips developed a process similar to FCC with adsorption and desorption cycles at 500psig and reported a diesel product less than 10ppm sulfur (10). 

Removal of sulfur compounds by oxidation reaction (11-15) has drawn attention from refining industry recently. Hydroperoxide was the major oxidant with various catalysts to enhance reaction rate. In this paper, we would like to report the use of a non-aqueous organic peroxide oxidant that has several advantages over the traditional hydrogen peroxide or other organic peroxide oxidant.   

Sulfur Compounds and Oxidation Reaction

Determination of detailed sulfur compound distribution in diesel fraction is possible with the development in atomic emission detection (AED) technology (16). Relative HDS activity for typical sulfur compounds has been reported (17) and is shown in Table1. Due to stereo hindrance, alkyl- dibenzothiophene compounds are difficult to be removed by hydrotreating. Reaction mechanism includes ring saturation and therefore catalysts with high saturation activity and operation at high pressure are required to achieve ultra low sulfur level. 

Reduction of LHSV, installation of amine scrubber to maintain higher hydrogen purity in the recycle stream and increase of H2/Oil ratio or use of dense catalyst loading may be required to assure the production of ULSD in a traditional HDS unit (18). A polishing reactor may also be required to deal with the color problem that occurs due to higher temperature operation (19).

Literature had shown that alkyl-dibenzothiophene could be preferentially reacted over dibenzothiophene with an oxidant. A generalized oxidation route is the formation of sulfoxide and then to corresponding sulfone. Alkyl group and the ring structure are essentially intact as can be seen from Figure 1 (15). And this places oxidation process in an attractive position for ULSD production. Unipure Corporation made a presentation on oxidative desulfurization for ULSD production at AIChE meeting in 2002 (20). Conventional stirred tank reactor was chosen for the oxidation reaction. Straight run diesel was mixed with hydrogen peroxide, in proportional to the sulfur content, water and recycled organic acid catalyst. At the completion of reaction, spent acid extracted nearly 50% of sulfur compounds presented as sulfones. The diesel, being reduced in sulfur contents, was neutralized, washed, dried and then passed through an alumina bed to adsorb the remaining sulfones. Water-like diesel containing less than 5 ppm sulfur could be produced. The alumina bed was regenerated by light hydrocarbon washing and hot methanol extraction. Water balance loop had to be carefully organized to accommodate the water formed as oxidation by-product, water presented in the commercial peroxide solution, water stripped from the spent acid regeneration and water used to wash off residual acid. No further advance of the technology was publicly reported since 2002. 

Instead of using relatively expensive hydrogen peroxide, Eni/UOP developed the process using organic peroxides and solid catalyst. It was also claimed that the change in polarity of sulfur compounds would facilitate the separation of sulfur from diesel stream (21). It claimed that a demonstration plant is foreseen in 2006.

CPC Process and Technology Development

Hydrogen peroxide, as in the aqueous phase, has a drawback of poor mixing with the oil phase. Phase transfer agent (or catalyst) has to be developed in order to break mass transfer barrier. Organic peroxide, readily mixed well with petroleum fraction would be an ideal candidate for selective oxidative reaction.

The CPC process uses peracetic acid (PAA) as the oxidative agent to take the advantages of its high oxidation activity without a catalyst. PAA could also be generated at high concentration and therefore could be, without further concentration, directly used in oxidation reaction. High concentration PAA is also beneficial as the oxidation activity would be higher. 

Figure 2 is the schematic diagram of the developed diesel oxidation process. It consists of three major steps: (1) generation of PAA, preferentially from acetaldehyde with a homogenous catalyst system; (2) oxidation of sulfur and nitrogen compounds by the non-aqueous PAA without catalyst; and (3) removal of sulfones and nitrogen oxides by extraction, adsorption or combination of the two. As the major by-product of the current oxidation reaction is acetic acid (AA), sulfones and nitrogen compounds will preferentially present in the AA phase over original petroleum phase. In another words, the byp-roduct AA can also serve as the extraction solvent. Acetic acid, with a high market value, is then distillated to remove sulfones and purified. Low purity acetic acid stream could be recycle to the sulfone extractor as the extractive solvent.  

One of the distinguish differences between the CPC process and other announced processes is the elimination of phases transfer agent during oxidation reaction. As the non-aqueous PAA is extremely active and completely miscible with the petroleum oils, design of oxidation reactor is very simple. AED analysis results, shown as Figure 3, indicted that DMDBT completely reacted with PAA in a few minutes. We selected a tubular reactor, possible with multiple injection points, to keep PAA at high concentration throughout the reactor and to provide a better temperature control in the reactor.

Generation of the peroxide at relative low cost also offers the competition advantage of the CPC process. Trace amount of homogeneous catalyst in low ppm level is enough to produce an oxidant containing 20 wt% PAA from acetaldehyde (AcH) at mild condition.  

Diesel Product Quality

As an example for oxidation reaction, a diesel sample with 198 ppm total sulfur was treated with PAA. GC with sulfur detector was employed for the detailed analysis of sulfur compounds. Sulfur peaks of the diesel, before and after oxidation, were shown in Figure 4. The chromatograms clearly show the shift of peaks after oxidation indicating the formation of heavier sulfone compounds. Also shown in Figure 4 was the chromatogram of samples after water wash and adsorption by active alumina. As sulfones were insoluble to water, sample sulfur content simply by water wash was practically unchanged. Adsorption by alumina would nearly remove all sulfones as shown by the last chromatogram in Figure 4. As mentioned in the previous section that removal of sulfones could also be done by AA extraction. To facilitate the design of the extraction column in the future, a correlation was also developed to predict the sulfones’ distribution between oil and AA phases. Prediction of the amount of residue sulfur in diesel phase matched quite well with the actual analytical results as shown in Figure 5. This confirmed that production of ultra low sulfur diesel could be realized by oxidation reaction and followed by extraction.

Color of all samples was presented as Figure 6. The color of the sample changed from light yellow to deep orange after oxidation reaction. This should be reasonable as sulfones were compounds with darker color. The transparent appearance of the oxidatively desulfurized oil might be more comfortable to customers. Other important properties of diesel samples were essentially unchanged and were listed as Table 2. Most noticeable of all were the slight improvement of cetane index and Rams Bottom Residues.
Treating Vacuum Gas Oil (VGO) with OxyDS Process

To take the advantage of high activity (without phase transfer agent or solid catalyst) of the PAA oxidant and non-aqueous nature of OxyDS process, heavy fraction of the petroleum oils such as vacuum gas oil (VGO) was also treated by the process. We demonstrated that the OxyDS treatment can significantly increase the quality of the FCC feed to not only substantially improve the conversion and product distribution, but also reduce the product sulfur contents. Consequently, no post desulfurization treatment is required for FCC gasoline and light olefins.  However, detailed information on VGO treatments can not be disclosed at this time.
Pilot Plant Development
A one-barrel per day oxidative desulfurization and denitrogenation pilot plant for upgrading VGO and heavy oil as well as producing ULSD is being constructed at the Refining & Manufacturing Research Institute of CPC.  

Summary

As an energy and petroleum refining company, CPC seeks sustainable growth. Continuous commitment to reduce fuel product sulfur contents to meet or even beyond the government regulations would need the involvement of extensive research activity. In the past few years the Research Institute of CPC had various research achievements successfully implemented in refineries. The development of this novel process for the production of low sulfur fuels is actually one of the many achievements of our oxidation research project. As detailed described in previous sections, there are several unique advantages of this novel process, including:

(1) Novel and efficient oxidant production method minimizes the overall investment cost. 

(2) High by-product value benefits greatly the overall process economics. 

(3) High reactivity oxidant eliminates the requirement of catalyst or a phase transfer agent. 

(4) By-product could serve as the extraction solvent. 

(5) Non-aqueous system minimizes unexpected phase separation or solid precipitation after oxidation reaction. 

(6) Great oil affinity nature makes it viable to extend the system for VGO treatment.  
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Figure 1. Typical Representative Diagram of Oxidative Desulfurization

Figure 2. Schematic Diagram of CPC Diesel Oxidation Process


Figure 3. Fast reaction observed for DMDBT with PAA


[image: image3.wmf]0

4

8

12

16

20

0

4

8

12

16

20

0

4

8

12

16

20

0

4

8

12

16

20

D

1

9

8

S

1

9

8

S

-

O

3

h

O

3

H

W

-

1

S

 

=

 

1

9

5

 

p

p

m

S

 

=

 

1

9

8

 

p

p

m

S

 

=

 

1

9

0

 

p

p

m

1

9

8

S

-

O

3

h

w

S

 

=

 

N

.

D

.

 

(

<

 

5

 

p

p

m

)

C

o

u

n

t

s


Figure 4. GC AED results of sulfur peaks for example samples


Figure 5. Correlation diagram on AA extraction of sulfones
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Figure 6. Color appearance of diesel samples

To               :  Benjamin Chang (ACAP), Ben Wang (CAPA)


From           :  Ed Liu (Session Chairman)  

Date            :  May 3, 2006

Subject        : Panel Discussion Comments for CPC Refinery Configuration  

                      Upgrading 

Discussion   : 

This meeting note summarizes the panel discussion comments of the CPC/ACAP/CAPA joint technical session held in the afternoon of April 29, 2006 at Marriott West Chase, Houston. The objective of the session is to review CPC’s refinery configuration upgrading study and to provide high level review comments for CPC.   

The representatives from CPC were F M Lee, JH Huang. CAPA panelists were: Paul Hsu, Chia Wang, Howard Chiang and Ed Liu. Also, Kung Wu and Benjamin Chang were presented in the discussion. 

Due to time limitation and not having full background of CPC’s current refinery configuration and future market predictions, the comments from panelists were very general and not specific. If CPC wishes to gain more specific comments from ACAP/CAPA, further detailed discussions would be required.     

(1) In study case 1 and case 2 for TaLin Refinery, the upgraded process schemes with the addition of new RDS and RFCC are similar to the current refinery RDS/RFCC configuration. Has CPC studied the more conventional route in US and Europe of vacuum tower, FCC, coker to improve the conversion and to allow the refinery to process even heavier crude? We suspected this is because of the continuing demand of low sulfur fuel oil from Taiwan Power Corp. and the limited market of petroleum coke in the region. Also, coker products are required to be further upgraded in the downstream units.                  

在大林廠的煉製結構更新研究方案1和方案2，新的架構和現有的製程組合都是採用RDS工場結合RFCC工場之組合。在歐美一般較常見的重油轉化方式是以真空蒸餾塔、FCC和Coker的組合，建議中油公司可研究這種方法。中油公司仍然沿用現有的煉製組合(RDS+RFCC)可能是因為必須持續供應台電公司低硫燃油且在台灣coke的市場有限。同時coker的產品在下游也需要更進一歩升級處理。

(2) In study case 3, we were wondering why the diesel product from the new hydrocraker as shown on the block flow diagram (BFD) to be treated in the diesel HDS? or is it to be sent to diesel pool via the HDS run down system and not being processed in the diesel HDS?     

在大林廠的煉製結構更新研究方案3中，從煉製流程簡圖上為何新建的hydrocracker所生產的柴油還需經過柴油的HDS處理?或是僅是藉由HDS工場的管線送入柴油池中，非經HDS工場的處理。
(3) The economical benefits for the three TaLin refinery cases are less than 2.3% which is probably within the accuracy of the preliminary cost estimate for the study. Therefore, it would be difficult to make a selection at this time sorely based on these close numbers. However, in view of the future stringent product specifications for clean fuels, low sulfur diesel with high cetane number, hydrocracking route does offer many advantages. Also, what is the outlet of the petroleum pitch from the hydrocracker route? Is it more asphalt production? Has CPC considered gasify the petroleum pitch for H2 production or IGCC?

三個規劃案case1、case2和case3的四廠整廠投資報酬率的計算結果(LP分析結果)分別是12.86%、11.46%和13.75%，差異僅有2.3%，以現階段估算的價格的準確度(accuracy)很難做排名和選擇。然而，若是以未來日趨嚴苛的清潔燃料的產品規範而言，使用hydrocracker (case 3)將可提供較多的益處。同時，由hydrocracker製程產出的瀝青(pitch)產品的出路為何?中油公司是否曾考慮將瀝青氣化生產氫氣或是增設循環發電技術(IGCC，Integrated Gasification Combined Cycle)(因為產生的瀝青可做為IGCC的進料)。
(4) If CPC wishes to upgrade the refinery configuration, it is important to take into the account of the current worldwide busy schedule of technology licensors, engineering contractors and equipment suppliers in the overall project planning, particularly project schedule and cost.

中油公司若要將煉製結構升級，因目前全球的技術licensor公司、工程公司及設備供應商其排程(schedule)已經滿載，因此在整體的專案規劃上必須將這些公司排程的問題納入考量。

(5) In general, CPC’s C3/C4 alkylation capability is much lower than the US and European refiners. This is probably because of the high C3/C4 demand in the petrochemical and LPG areas. However, low alkylate production makes the gasoline blending much more difficulty in the clean fuels environment.

一般而言，中油公司的C3和C4烷化的煉量較低於歐美的煉油公司。這可能是因為石化和液化石油氣(LPG)對C3和C4有高度的需求量。然而，較少的烷化產品導致超低硫汽油摻配上的困難。

(6) In our experience, project cost estimate from technology licensors are not reliable and normally two to three times lower than the actual construction cost. We hope CPC develops the project cost based on its own cost method and only use equipment sizing information from the licensors for cost estimate.      

依照我們過去的經驗，從技術的licensor公司提供的投資案成本估計是不可靠的，通常低於實際的建造成本二至三倍。希望中油公司在計算投資案的成本時是以自己的成本方法來進行且僅使用licensor公司提供的設備尺寸的資料來進行成本評估。

 (7) What is the backup plan for CPC if in case the MTBE blending in gasoline is phased out in the future?  

若未來禁止使用MTBE於汽油的摻配時，何者是MTBE的替代品?
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附件一、發表論文





附件二、美南國建會Panel Discussion
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