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一、摘要

1. 石化事業部預計於2012年新建第六輕油裂解工場完成，製程中每日產生200噸之廢鹼，此廢鹼處理設備需另行發包興建，就廢鹼處理技術及方法參訪相關製程公司研討。
2. 配合未來六輕量產後，發展未加氫C5之下游衍生物，參訪MATERIA公司之聚環戊二烯(P-DCPD)應用，P-DCPD生產技術及此特化應用市場狀況交流。
二、行程

          2009.12.6((啟程 高雄經桃園抵洛杉磯 
          2009.12.7(( 赴西門子公司参訪WAO廠。

          2009.12.8(( 拜訪MATERIA公司討論P-DCPD運用 
2009.12.9(( 洛杉磯赴紐約
2009.12.10(( 與西門子公司技術交流
2009.12.11((與西門子公司技術交流

          2009.12.12(( 返程紐約至桃園返高雄
三.心得

1. 廢鹼氧化技術交流
輕裂工場製程中產生之廢鹼基本上所含有機非有機化合物甚多，一般生物污泥方法是無法有效去除，擁有關輕裂之廢鹼液處理首推西門子公司(SIEMENS)之Zimpro®之濕式空氣氧化處理製程WAO(WET AIR OXIDATION)得到世界各大輕裂廠所採用。新三輕建廠在即每天所產生之廢鹼液設計預估為200噸，目前林園廠已有兩套小型ZIMPRO之WAO但處理量不足，有必要增設一套日處理200噸之廢鹼氧化設備。經探討世界上廢鹼氧化處理仍以ZIMPRO之 WAO為主流，搭配現有之舊有WAO系統將可更有效率的操作。
A.反應器◎ Zimpro® Wet Air Oxidation製程簡介
Zimpro Wet Air Oxidation (WAO) 和 Wet Oxidation systems 為應用於處理高難度之工業廢水，在輕裂廠其相關之廢鹼液之中含有。
Ethylene Plant Caustic Tower
H2S + NaOH => NaHS + H2O

NaHS + NaOH => Na2S + H2O

CO2 + 2 NaOH => Na2CO3 + H2O

RSH + NaOH => NaSR + H2O

Where R is CnH(2n+1) with n=1 to 4

Lower levels of various organics adsorbed

Wet Air Oxidation Treatment Objectives濕式空氣氧化處理的目的
Pre-treat spent caustic so it can be disposed in the WWTP廢堿液預處理後可以排放至污水場
Convert reactive sulfide compounds (Na2S, NaHS, Na2S2O3) to sulfate (Na2SO4,) – odor reduction轉化氧化性的硫化物（硫化鈉，亞硫化鈉，硫代硫酸鈉)為硫酸鹽，減低臭味
Reduce COD load to WWTP降低污水場COD的負荷
Amenable for biological treatment生物可以分解處理

Adjust pH suitable for WWTP可調節pH值來適合污水場
B.溼式氧化處理系統流程
溼式氧化系統為利用氧氣當作氧化劑去除水中溶解物及懸浮物。以空氣為氧氣來源即ㄧ般所謂之wet air oxidation (WAO). 此氧化反應係將反應溫度控制於150º C 至320º C (275º F to 608º F)，壓力為10 to 220 barg (150 to 3200 psig)， 溼式氧化過程可以將難生物處理之廢水轉化為生物可處理之廢水並進ㄧ步再利用。
以下為溼式氧化處理系統流程： 

[image: image1.png]Zimpro® Wet Air Oxidation

Air Compressor.




C.應用
· 處理高濃度之廢水，包括乙烯裂解所產生之廢水及煉油廠之廢水。
· 經處理後之廢水再循環利用。
· 處理後經生物污泥
　　 溼式氧化處理系統已長期應用於混合型工業廢水污泥之應用。於低溫低壓力下可有效降低污泥之含水率即所謂之低壓氧化系統 （Low Pressure Oxidation )。於高溫及高壓力下，生物污泥可以有效被破壞減量 。
D.優點
· 將難生物處理之廢水轉化為生物可分解之物質
· 破壞特殊之化合物 

· 減低廢水之毒性 

· 有效去除液相之廢水 

· 有效降解水中之化學需氧量 
E.美國西門子公司為全世界少數擁有廢鹼廢水處理技術之公司。該公司能提供廢鹼氧化處理技術及相關有害廢水之處理技術，目前世界上重要輕油裂解廠之廢鹼氧化處理大多由該公司所獲得。如本公司配合裂解工場建廠時期引進WAO處理製程共八套，分別林園廠有每天100噸兩座，高廠每天處理140噸三套，大林廠小型WAO處理 3套。台塑公司三套之輕裂工場均使用其WAO之處理技術(參考西門子之WAO實績表)。在台灣為由晉緯工程股份有限公司代理該項技術。◎西門子Zimpro® Wet Air Oxidation實績
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F. 檢討現有林園廢鹼氧化設備及最新廢鹼氧化設備之差異
	編號
	項目
	現有廢鹼氧化設備
	最新廢鹼氧化設備

	1
	操作條件
	200℃，30kg/cm2
	200℃，36kg/cm2

	2
	高壓泵浦
	Zimpro Postive Displacement Pump
	Sundyne Centrifugal Pump

	3
	反應器
	水平式，合金20管
	直立式，合金600管

	4
	冷卻器
	Double Pipe
	Multiple tube-in-shell(TEMA)

	5
	已無使用單元
	低壓進料泵浦
分流泵浦
Caustic Scrubber

Caustic Scrubber Pump
	-


G.現有廢鹼氧化問題討論: 

(1) 高壓進料泵(P-1803A/B/C)

· 操作不易：操作人員在操作多年後，操作泵浦有時仍啟動不起來。

· 泵浦無法啟動因子太多：油壓缸、油袋、泵浦、四通閥、電磁閥、輔助四通閥..須一一check。

· 油箱、油袋 加油耗人力。

· 油箱孔小清洗不易，油箱sighglass久了不明，油箱drain 高，油洩不乾淨。

· 油袋破損頻率高。

· 油壓循環泵流量不穩須調整流量。

· 油壓流量計易受高壓損壞。

· 出口流量計易故障。

      回應:由高壓正排量泵更新型為離心式泵即可去除上述之問題，新高壓離心泵、其外型及詳細結構如附圖，舊有之高壓進料泵，所需之油壓設備諸元，全部取消，改成一般之高壓泵。

            The high pressure pump supplies the spent caustic to the system at the required operating pressure。
      
[image: image2]
(2).壓縮機C-1801

油壓缸注油器調整不易。

Loader valve、各級出口濾網易積炭。

注油器位置高加油不易。

振動原因不明。

回應:新壓縮機設計在此方面有相當改善，請參考新設計，或爾後至現場實際瞭解後再提改善方案。 

(3).硫酸定量泵P-1805
· Safety valve、Back press valve不易更換。

· Safety valve、Back press valve材質Alloy 20，採購不易，可否為一般耐酸材質。

回應:新設計位置修改，並更換材質。爾後現場服務提出對策。

(4).反應器R-1811
R-1811出料冷卻器E-1811 間，連接管線易破漏。

 E-1811 、E-1813有破漏過。

回應:本段管線材質更新，配管方式亦修正。

(5).WAO中油公司以使用近10-20年之久，但售後技術服務不佳，無法配合原廠技術設     備之發展而有效提升操作效率。
 回應:台灣代理廠商晉緯工程股份有限公司同意，將邀請ZIMPRO公司對現有之設備檢視，提出設備更新或製程操作改善方法，供中油公司參考。
2. 拜訪MATERIA公司討論P-DCPD運用
民國101底石化事業部新三輕完工量產後，四輕、新三輕五碳烴餾份的年產量預估可達12萬公噸，因全球五碳烴市場正值迅速蓬勃發展之際，五碳烴中之雙烯烴成份，如異戊二烯(Isoprene) 、間戊二烯(Piperylene)及雙環戊二烯(Dicyclopentadien，簡稱DCPD)皆為高單價產品，中油公司乃決定成立合資生產計畫，分離輕裂五碳烴並往下生產異戊二烯-苯乙烯共聚物(SIS)與C5石油樹酯，進而切入石化衍生物及特用化學品事業，提高公司利基。但有關雙環戊二烯(DCPD)並無具體之往下游衍生物之計畫，特利用本次至美國機會拜訪有關p-DCPD生產廠商Materia公司，洽詢技術及市場應用狀況，當為DCPD往下發展參考。
(1)Materia 公司背景
Commercializing Nobel Prize winning metathesis catalyst technology in chemical, pharmaceutical, and polymer applications 獲得諾貝爾獎的烯烴交互置換催化劑技術在化工,制藥, 和聚合物的商業化應用。
Secured exclusive dominant intellectual property position with over 500 cases; key patents issued in all commercially important territories and fields 超過500例的獨家知識產權的主導地位;在所有重要商業領域中獲得關鍵專利。
Structured win-win partnerships with industry leaders such as Cargill, Merck, and Lanxess 與工業界主導公司建立雙贏的夥伴關係, 如嘉吉, 默克和朗盛。
 Value Proposition 價值命題
Substitution 取代 A substantial and sustainable reduction in the cost of manufacture of many materials and chemicals through process innovation 通過工藝創新大幅度和持續地減少原材料和產品的成本。
Enablement 賦能
The discovery, development, and manufacture of entirely new substances with features and benefits unattainable with traditional technologies 發現, 開發, 和製造全新的物質, 具有傳統技術無法比擬的功能和優點。
         Materia pDCPD shows better performance (enablement)      and processing (cost reduction) versus traditional technologies 與傳統工藝相比Materia的聚雙環戊二烯顯示出更好的使用性能（賦能）和加工性能（降低成本）。
(2).Materia’s pDCPD Characteristics Materia 的聚雙環戊二烯特徵
High Heat Distortion Temperature, HDT (115-180°C) 熱變形溫度高。
Corrosion resistance similar to PVDF fluoropolymer, high performance epoxy, vinyl ester (acid and hydrocarbon resistance) 耐腐蝕性(酸和烴類)類似於聚偏氟乙烯, 高性能環氧樹脂和乙烯基酯。
Very low moisture uptake (< 0.7%) 水分吸收非常低。
Toughness (Impact strength) of thermoplastics (2–12 ft-lbs/in.) 韌性相仿於熱塑性塑膠(衝擊強度)。
Compatibility with high filler loadings 高載入填料的相容性。
Excellent low temperature impact 良好的抗低溫衝擊。
Low shrinkage (0.5 – 1.0%) 低收缩性。
(3).Materia’s pDCPD Processing  Materia的聚雙環戊二烯技術
Controlled viscosity: low to high viscosity (10 - 5,000 cP) 
可控制粘度:低到高粘度，範圍寬。

Gelation time: adjustable from seconds to hours <Materia’s key break-through for pDCPD composites> 可調凝膠時間：從秒到小時。<Materia的關鍵工藝突破>
Low volatiles given off during cure cycle 在固化週期中的低揮發性。
Compatible with a range of processing techniques: RIM, RTM, VARTM, rotomolding, centrifugal casting, filament winding, pultrusion 相容一系列的處理技術：RIM, RTM, VARTM, 滾塑, 離心鑄造, 纖維纏繞, 拉擠。
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[image: image4.emf]Potential pDCPD Markets

Historical
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far beyond the limited RIM world
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[image: image5.emf]Materia’s Lead pDCPD Application: 

Large Wind Blades
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 由上述之圖片可知 p-DCPD應用上具有取代各種工程塑性塑膠之優點如硬度高、抗腐蝕、高溫應用等，並可依使用須求添加適量之p-DCPD，容易施工製造。參考上圖之製造大型之風力發電扇頁。在p-DCPD市場未來發展，將少量取代目前(epoxy)工程塑膠應用之2.5萬噸/年，發展到25萬噸/年。

[image: image6.emf]Materia pDCPD’s Potential Value in 

Large Wind Blades

1. Durability: 5X tougher than epoxy

1

2. Cycle time: 30 - 50% lower than epoxy

2 

3. Material cost: 20 - 50% cheaper than epoxy

(lower cost per kg)

3

4. Weight savings from density

(12% lower vs epoxy resins)

5. Other benefits (reduced carbon footprint, 

cheaper installation, reduced water absorption, 

reduced weight for next generation designs)

1. G

IC

tests and ply-drop fatigue study (MSU)

2. Preliminary estimates based on current industry trends

3. Based on current pDCPD and epoxy pricing
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[image: image7.emf]pDCPD’s Impact on Blade Durability

• Key failure regions:  thickness transition areas

• High crack-resistance of pDCPD can enable longer

service of blades 
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[image: image8.emf]pDCPD’s Impact on Cycle Time

• Faster infusion rates 

(5-10x lower viscosity 

than epoxy)

• Faster heating rates

• Shorter curing cycle

Confidential

New Designs with pDCPD Resin pDCPD樹脂新的設計
RIM with low viscosity resin allows forrigid features (ribs) and molded-in holes for fasteners通過RIM, 低粘度樹脂可以製造具有剛性特徵的固件，如耕耘機檔板。[image: image9.emf]
High Strength-to-Weight pDCPD Syntactic Foam
from Hollow-Glass Microsphere Filler 採用空心玻璃微球填料製成的高強度重量比的pDCP複合泡沫塑料
Machinability
Large Parts
[image: image10.emf]
[image: image11.emf]
Metal/Mineral Filled pDCPD 金屬/礦物填充後的pDCPD
Mineral-filled Drilling Nozzles
礦物填充後的鑽井噴嘴

[image: image12.emf]Potential pDCPD Consumption in 

China & Taiwan in 2013

• Wind blades (current): 25 kT (50-60 MM lbs)

– Chinese government set goal to increase wind energy

from 12 GW in 2009 to 100 GW in 2020.

– Taiwanese government set goal to increase wind energy to 

3 GW in 2020 (80% of Taiwan’s renewable energy).

• Automotive (emerging)

– Current trending toward smaller series/specialized models 

= good fit for composite manufacturing (RTM)

– Ultra-light vehicles (electric) for mega-cities

– pDCPD is enabling for structural carbon fiber
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p-DCPD風扇市場在台灣及中國具有很大成長潛力，尤其在政府推動下更具想像空間。

汽車及電動車未來發展小型或特殊化，p-DCPD掺碳纖將是開發機會。

[image: image13.emf]DCPD Comparison: Process 

Dependent Performance

• Ability to use DCPD-95 depends on the process type and 

the final performance requirements

• Treatments can improve cure and property characteristics

• Further work is needed for complete understanding
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              Performance versus Requirement

Resin

Product

Resin

Treatment

Catalyst

Cost

Casting

VARTM

(Composite)

RIM

DCPD-99 None X Excellent Excellent Excellent

DCPD-95 None 2X Good

? ?

DCPD-95

Treatments 

A + B

X Good

? ?

DCPD-95 None X Poor

Expect

Poor

Expect

Poor



[image: image14.emf]pDCPD Shows Superior Toughness 

in Static Testing

Properties for Multidirectional Glass Composite Laminates

pDCPD composites show the following when compared to 

epoxy composites:

(1) dramatically superior fracture toughness (G

Ic

), a key 

to addressing blade failures at ply-drop regions

(2) similar performance in other key properties

Property Units Epoxy 

Laminate

1

pDCPD

Laminate

1

Fracture Toughness, G

Ic 

J/m

2

*

330 1729

Elastic Modulus, E GPa 29.7 30.3

Tensile Strength MPa 910 928

Ult. Tensile Strain % 3.2 3.1

Compressive Strength MPa 670 632

Ult. Compressive Strain % 2.2 2.1

*Unidirectional fabric D laminate (02/02), 0/0 interface

EP-1 Vf = 60%, and pDCPD Vf = 64%.
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P-DCPD材質特性硬度耐撞上遠超過EPOXY 其它特性相雷同，將可取代之。

[image: image15.emf]
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[image: image17.emf]
四、建議

 1.新三輕建廠之所需廢鹼處理製程選擇，宜注意與舊有之製程配合。
 2.現有之廢鹼氧化仍屬Zimpro之WAO製程，與新WAO在設備及操作均有改善空間:
   A.請原設計公司提供建議設備汰舊更新，減少故障維修，簡化操作，降低成本。
     A-1.高壓進料正排量泵原利用油壓系統操作，直接更換高壓離心泵，降低操作複雜      度。
A-2.反應器連接管線破漏之材質善更換。 
     A-3.經過十幾年演變有必要與原廠商技術人員探討，引進新製程操作。
 3.C5分離之DCPD應用上:

A-1.MATERIA 公司之p-DCPD用途非常廣泛，運用在發電風扇、耐撞材質，材料改質方面，雖目前市場尚不大，但在材質及價格上非常具有競爭力，目前在亞太地區尚待開發，所以上述高價材質均為具有相當發展潛力，建議繼續保持聯繫，作為DCPD第二階段生產p-DCPD準備。
A-2. DCPD 在生產初期，可以透過商社銷售或與MATERIA公司洽商off-take之條款獲取p-DCPD相關技術。

A-3.DCPD 另一用途配合C5之PIP亦可生產Tackifier(增粘劑)，價格亦有相當利潤。
A-4.DCPD 在市場上低純度市場小、價格不好，未來仍須做高純度99.3%以上產品。

A-5. DCPD目前市場相當小，且價格不穩定，通路有限，屬特殊化學品，要有高獲利，勢必再往下游衍生物發展，除做p-DCPD外，另考慮煉製研究所之已獲專利權有DCPD生產金剛丸及JP-10 高能燃料等。
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Materia pDCPD’s Potential Value in Large Wind Blades

Durability: 5X tougher than epoxy1



Cycle time: 30 - 50% lower than epoxy2 


Material cost: 20 - 50% cheaper than epoxy
(lower cost per kg)3 


Weight savings from density
(12% lower vs epoxy resins)



Other benefits (reduced carbon footprint, cheaper installation, reduced water absorption, reduced weight for next generation designs)

1. GIC tests and ply-drop fatigue study (MSU)

2. Preliminary estimates based on current industry trends

3. Based on current pDCPD and epoxy pricing
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pDCPD’s Impact on Cycle Time



 Faster infusion rates (5-10x lower viscosity than epoxy)



 Faster heating rates



 Shorter curing cycle
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PDCPD's Impact on Cycle Time

«Faster infusion rates
(3-S0xloner nscosny
than spos)

«Fasterhastingrates

«Shoreer curing cycle






DCPD Comparison: Process Dependent Performance

 Ability to use DCPD-95 depends on the process type and 
   the final performance requirements

 Treatments can improve cure and property characteristics

 Further work is needed for complete understanding
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DCPD Comparison: Process
Dependent Performance






pDCPD Shows Superior Toughness in Static Testing

Properties for Multidirectional Glass Composite Laminates

pDCPD composites show the following when compared to epoxy composites:

  dramatically superior fracture toughness (GIc), a key 
    to addressing blade failures at ply-drop regions

  similar performance in other key properties



*Unidirectional fabric D laminate (02/02), 0/0 interface

  EP-1 Vf = 60%, and pDCPD Vf = 64%.
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PDCPD Shows Superior Toughness
in Static Testing






Potential pDCPD Consumption in China & Taiwan in 2013

Wind blades (current): 25 kT (50-60 MM lbs)

Chinese government set goal to increase wind energy
from 12 GW in 2009 to 100 GW in 2020.


Taiwanese government set goal to increase wind energy to 3 GW in 2020 (80% of Taiwan’s renewable energy).



Automotive (emerging)

Current trending toward smaller series/specialized models = good fit for composite manufacturing (RTM)



Ultra-light vehicles (electric) for mega-cities



pDCPD is enabling for structural carbon fiber

Confidential





image1.jpeg









Potential pDCPD Consumption in
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pDCPD’s Impact on Blade Durability



 Key failure regions:  thickness transition areas



 High crack-resistance of pDCPD can enable longer
service of blades 
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PDCPD's Impact on Blade Durability
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Potential pDCPD Markets



Historical

With Materia Technology

250 kT+ 



25 kT

…access to composite markets allows pDCPD to grow far beyond the limited RIM world
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Materia’s Lead pDCPD Application: 

Large Wind Blades



Rotor Diameter (m)



…bigger is better although this presents technical challenges
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Materia's Lead pDCPD Application:
Large Wind Blades

omateris e






Materia’s pDCPD











Thermoplastics

Thermosets

Fluoro-

polymers

Poly DCPD

Unique thermoset resin system offering toughness, corrosion resistance, high use temperature



Easily customizable through additive formulation



Well-suited for a variety of fabrication methods
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pDCPD Development Timeline

1980’s.  Metton® (tungsten catalyst system) and Telene® (molybdenum catalyst system)

Sensitivity of catalyst to air, moisture, and additives

Limited application primarily to RIM processing

Fast cure rate limits the ability to control “pot-life”

In spite of fast cure rate, parts typically have residual odor





1990’s.  Grubbs catalysts (ruthenium) developed at Caltech

Broad tolerance to air, moisture and additives

Expanded applications include those based on VARTM, RIM/RTM, Pultrusion, casting





2000’s.  Materia develops additional pDCPD technology

Pot-life extenders provided more flexible processing options for large composite structures

Adhesion promoters delivered robust fiber binding for composite materials 
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Applicable pDCPD Molding Processes



Historical

With Materia Technology

VARTM, RTM, Filament Winding, 

Pultrusion, 

RIM, Casting 



RIM
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Potential pDCPD Markets



Historical

With Materia Technology

250 kT+ 



25 kT

…access to composite markets allows pDCPD to grow far beyond the limited RIM world
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Materia’s Lead pDCPD Application: 

Large Wind Blades



Rotor Diameter (m)



…bigger is better although this presents technical challenges
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Materia pDCPD’s Potential Value in Large Wind Blades

Durability: 5X tougher than epoxy1



Cycle time: 30 - 50% lower than epoxy2 


Material cost: 20 - 50% cheaper than epoxy
(lower cost per kg)3 


Weight savings from density
(12% lower vs epoxy resins)



Other benefits (reduced carbon footprint, cheaper installation, reduced water absorption, reduced weight for next generation designs)

1. GIC tests and ply-drop fatigue study (MSU)

2. Preliminary estimates based on current industry trends

3. Based on current pDCPD and epoxy pricing
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pDCPD’s Impact on Blade Durability



 Key failure regions:  thickness transition areas



 High crack-resistance of pDCPD can enable longer
service of blades 
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pDCPD’s Impact on Cycle Time



 Faster infusion rates (5-10x lower viscosity than epoxy)



 Faster heating rates



 Shorter curing cycle
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pDCPD’s Impact on Material Cost

Epoxy System

(Resin + Hardener)





Price:   5.00 - 8.80 $/Kg

           2.26 – 4.00 $/Lb





Specialty hardeners used, which affect raw material costs and volumes

pDCPD System

(Resin + Catalyst)





Price:   4.30 - 6.60 $/Kg

           1.95 – 3.00 $/Lb





Pricing depends on volume and formulation
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Feedstock Production Delivers Environmental Benefits



Distill
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Potential pDCPD Consumption in China & Taiwan in 2013

Wind blades (current): 25 kT (50-60 MM lbs)

Chinese government set goal to increase wind energy
from 12 GW in 2009 to 100 GW in 2020.


Taiwanese government set goal to increase wind energy to 3 GW in 2020 (80% of Taiwan’s renewable energy).



Automotive (emerging)

Current trending toward smaller series/specialized models = good fit for composite manufacturing (RTM)



Ultra-light vehicles (electric) for mega-cities



pDCPD is enabling for structural carbon fiber
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