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摘要

參加本會議可達到搜集及篩選問題外，並可藉由切磋討論中發覺自己真正的需要，參加此次美國石油化學Q & A年會，獲得更多的收益。同時可以結識相同領域的朋友，無形中增加獲得新知識及分享工作經驗的機會。

經實地訪察奈米碳管生產及技術轉移和量產之可行性時，瞭解Catalytic Material公司僅有實驗室的製造技術，尚無法進行商業化量產，且在應用技術上仍需要加強。
拜訪Property Integration公司時，討論CML奈米碳管技術，並提出項合作的參考。
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任務

本次出國任務

1.參加2004年美國石油化學Q & A年會

2.實地訪察奈米碳管生產技術及討論技術轉移之相關事宜，拜會Catalytic Material公司、Hyperion公司和P.I.I.公司。

建議

1.本公司應該派員或組團參加美國石油化學Q & A年會。參加本會議之前，應該先舉行研討會除可達到搜集及篩選問題外，並可藉由切磋討論中發覺自己真正的需要，然後再參加美國石油化學Q & A年會，應可獲得更多的收益。同時可以結識相同領域的朋友，無形中增加獲得新知識及分享工作經驗的機會。

2.在實地訪察奈米碳管生產及技術轉移和量產之可行性時，瞭解Catalytic Material公司僅有實驗室的製造技術，尚無法進行商業化量產，且在應用技術上仍需要加強。Hyperion公司雖擁有商業化量產及應用技術，但只願意共同研發奈米碳管的應用技術。
壹. 行程

日期 





記要

93年
10月10-13日
 參加2004年美國石油化學Q & A年會



10月14-16日
 拜訪Catalytic Material及Hyperion公司



10月  17
日
 拜訪P.I.I.公司



10月18-19日
 回國

貳. 參加2004年美國石油化學Q & A年會

美國石油化學Q & A年會的會議主題在針對煉油廠在實際操作時所產生的問題和挑戰，經由專家及與會人員共同討論，在不同角度考量取得適當的解答。2004年的大會於93年10月10-13日在美國洛杉磯橘郡舉行，本次會議之討論項目共145項，附件一，這是選題小組將各會員所提出的問題加以分類整體，並於6月16-17日在Salt Lake市開會討論決定，主題為:1.FCC Principle & Process 2.Hydroprocessing Principle & Process 3.Gasoline Principle & Process 4.Crude/Vacuum Distillation and Delayed Coking Principle & Process 5.Plant-wide Systems Principle & Process。

本次會議所聘請的專家為:Mr.Scott Bieber, Ms.Sandie Brandenberger, Mr.Jerry Dehey, Mr.CJ Farley, Mr.Frank Fatora, Mr.Jeff Johns, Mr.Mark Kowaiczyk, Mr.David Krenzke, Mr.Larry Lacijan, Mr.Russ Murray, Mr.Ed Palmer and Mr.Jim Stump共12位，詳細的個人資料如附件二。

本公司屬於煉油業，所面對的操作問題和挑戰應該和其他煉油廠同業相近，因此極力建議本公司應該派員或組團參加美國石油化學Q & A年會。同時參加之前，應該先舉行研討會除可達到搜集及篩選問題外，並可藉由切磋討論中發覺自己真正的需要，然後再參加美國石油化學Q & A年會，將可獲得更多的收益。 再則，已確定的問題可以利用網路www.npra.org登記，若無法列入大會議程，也可以在與會時提出討論。

參. 拜訪Catalytic Material及Hyperion公司 

一.Catalytic Material公司(CML)

實地訪查Catalytic Material公司後，會談中所澄清的事項如附件三，並進一步瞭解CML公司概況:

· 已有的奈米碳管放大實驗技術為批次式(Bench type)，4支反應管及8小時操作，產能1.5噸/年
· 沒有能力執行或提供奈米碳管的百噸級的放大量產技術，若沒有投資者介入，CML公司也沒有足夠人力和物力自行量產

· CML的200萬美元技術轉移費只是專利權使用費，CML仍掌握觸媒配方且不包含放大量產技術，付款方式需要在6個月內分成3次支付: 50%, 25%, 25%

· 承諾只成立一家奈米碳管合資公司，並願意繼續提供新的改進生產技術

· 對奈米碳管在高分子應用之專利技術及能力可能不足，需要澄清，CML已經申請及取得之專利技術如附件四。

· CML現已和日本及德國進行生產奈米碳管的合作，若決定購買其專利技術時，需要檢查CML與日本及德國的合作合約

· CML員工人數4人,大部份的研究是以委外合作方式執行，CML並申請及接受美國政府的研究計劃及經費

· 目前CML每年約賣出40-50公斤的奈米碳管，單價30-50美元/克

CML公司提出合作生產奈米碳管的方式，詳如表一。 基於前述之實地訪察，本技術之瓶頸在放大量產，若決定向CML購買奈米碳管專利時，需要注意如下事項：

  

*專利權及專利使用費需要再議

  

*專利需要包括觸媒配方及製造技術



*需要建立奈米碳管應用技術



*需要考慮如何量產CML奈米碳管



*嘗試組合CML奈米碳管和Hyperion公司材料製造技術

表一 合作生產奈米碳管的方式
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二.Hyperion公司

拜訪Hyperion公司後，瞭解該公司已成立23年，對於奈米碳管技術製造及應用已有成熟技術，會談中可歸納:

· 擁有奈米碳管製造及應用技術和專利

· 具有我們預計成立的JVC公司樣板
· 可能已採用連續式量產奈米碳管

· 生產及銷售奈米碳管高分子材料已具規模

· 只賣奈米碳管高分子材料
· 只願意針對奈米碳管的應用技術共同合作

· 所賣出的奈米碳管高分子材料估計是已達噸級的數量，產品可能已在台灣銷售 

肆. 拜訪P.I.I.公司

拜訪Property Integration公司時，繼續討論CML奈米碳管技術，並提出項目請CML公司澄清。 

由於Amsolve公司的幾項廢水處理添加劑產品可以應用在本公司的廢水處理製程上，因此安排拜訪。 會談中的討論題綱如附件五，請Amsolve公司提供意見及資訊，已做為繼續合作的參考。


[image: image1.jpg]Technology Q&A:
Questions 1 - 16

Hydroprocessing

Catalyst

1.

What has been your experience with
utilizing regenerated catalyst in a
resid hydrotreater?

What benefits have you realized from
the use of latest-generation high activ-
ity catalysts in hydroprocessing units?
How have you used the activity
(longer cycles, better product proper-
ties, etc)? Is the stability of these cata-
lysts similar to that of previous gener-
ations?

What has been your recent experi-
ence with respect to arsenic in spent
hydrodesulfurization (HDS) catalyst?
Has any additional personnel protec-
tion (PPE) been required for handling
spent catalyst?

. Are you using sock loading rather

than dense loading for loading
hydrotreating catalyst into the main
catalyst zone and why? How does this
affect pressure drop and does it
reduce maldistribution?

What are you doing with spent
hydroprocessing catalysts and are
economics becoming more favorable
for reclaiming metals?

. With the increased demand for higher

activity catalysts to meet new clean
fuels initiatives, how is the catalyst
manufacturing industry affected? Will
demand require longer lead times for
delivery of fresh catalyst and schedul-
ing services to change out these
reactors?

Process

T

10.

T

What can be done to minimize hydro-
gen consumption within an existing
unit to help meet clean fuels regula-
tions?

What is the impact of higher severity
operation (higher levels of H2S,
ammonia, higher reactor tempera-
tures, etc) on the reactor effluent
stream ammonium bisulfide formation
due to clean fuels requirements?

. Are you using chemical additives to

prevent ammonium chloride or ammo-
nium bisulfide deposition and/or cor-
rosion in hydroprocessing reactor
effluents?

What techniques or models are you
using to simulate important reactions
in ultra-low sulfur diesel (ULSD) and
FCC feed hydrotreater operations? Do
these models predict impacts of aro-
matic equilibrium and deactivation?

How do you monitor and control prod-
uct sulfur in the 0-50 ppm range in
your hydroprocessing unit? What is
your experience with inferential prop-
erties, on-line analyzers, and off-line
analyzers? How has each analyzer
performed in speed, accuracy and
reliability? What level of maintenance
and calibration is required for preci-
sion? What emerging technologies are
available to increase accuracy or
reduce the response time for these
analyzers?

12.

18

14,

15.

16.

Describe your experience converting
diesel hydrotreating units to mild
hydrocracking or partial conversion
hydrocracking operation. What were
the operating concerns with this con-
version? Is your company considering
this conversion for ULSD production?

With the general industry trend to
revamp existing diesel HDS units or
convert FCC feed hydrotreaters to
diesel service, how are you planning
to produce ULSD while processing
light cycle oil (LCO)? Is undercutting
of the LCO (removing the higher boil-
ing material) into heavy cycle oil or
slurry oil the primary option? What
other options are you considering?

When considering projects to meet
ULSD production, what are the decid-
ing factors that impact the choice
between revamped or new unit
options? Have these factors changed
as off-road regulations have been
finalized?

With the advent of ULSD regulations,
what treatment options are you con-
sidering for kerosene/jet when it will
be used as a ULSD blending compo-
nent? (Caustic treating, clay treating,
hydrotreating, etc).

For low hydrogen partial pressure
FCC feed hydrotreater operation
(<500 psia), please rank catalyst
activity in terms of relative HDS and
hydrodenitrification (HDN) for typical
NiMo, CoMo, NiMo/CoMo stacked
bed, and trimetallic catalysts.




[image: image2.jpg]Technology Q&A:
Questions 17 - 33

17.Have you experienced significant

deactivation rates when hydrotreating
atmospheric gas oil (AGO) with vary-
ing color quality in an FCC feed
hydrotreater? Can you quantify the
deactivation differences between dif-
ferent color measurements? Have you
found a better technique for identify-
ing carryover problems and associat-
ed deactivation with AGO?

18.Have you experienced an increase in

basic nitrogen level (product vs. feed)
across the FCC feed hydrotreater?
Please provide an explanation of how
or why this occurs.

19.How do you assess the extent of

maldistribution or catalyst bypassing
in an operating reactor? What tech-
niques are effective in determining the
extent of maldistribution?

20.What are the longest (deepest) cata-

2

lyst beds that have been used in
fixed-bed hydroprocessing reactors?
What limits the length of a catalyst
bed in a new or revamped reactor?
What steps can be taken to ensure
good distribution through a long bed?

.What is the optimum outage between

a distributor tray or quench zone and
top of the hold-down layer of the cata-
lyst bed? Is there a trade-off of vol-
ume or space versus levelness of the
bed and loading time? Is the reactor’s
internal diameter a consideration for
this optimum?

22.

23.

24.

25.

Do you run blocked desulfurization
operations producing low sulfur diesel
(LSD <500 ppm sulfur) or ULSD (<15
ppm sulfur) and FCC feed (<1,000
ppm sulfur) using the same reactor? If
so, what has been your experience
concerning flush times between
grade changes and catalyst selec-
tion? In a similar vein, how feasible
will it be to “batch operate” a diesel
unit to produce ULSD and LSD? Does
this batch operation have negative or
positive impacts on catalyst activity
vs. a dedicated ULSD operation?

How will the shift to ultra low sulfur
fuels impact the economics of your
hydrotreater operation? Will the cost
per day of downtime change?

What is the advantage of having
washwater towers upstream of recycle
gas amine scrubbers in the hydropro-
cessing unit? How effective has the
water wash been in reducing heat-
stable salts in the amine system?

How is the market for FCC feedstock
expected to change with new sulfur
regulations for gasoline and diesel?
As a marketer of hydrotreated gas oil
for FCC feed, how do we take advan-
tage of market conditions and adjust
quality to make a more attractive
product?

Reliability

26.

27.

What design and operating parame-
ters are you using for reactor quench
valves (e.g. failure mode, minimum
percent open, use of mechanical or
software stops, and regular testing
and maintenance)? Are these param-
eters different for hydrocracking and
hydrotreating?

What procedures do you use to test
hydroprocessing unit quench gas sys-
tems for leaks and proper operation
while the unit is shut down or during
catalyst changes?

28.What methods do you use to identify

tube leaks in the feed/effluent heat
exchangers? What are the accuracies
and limitations of these methods?
What style of feed/effluent heat
exchangers do you use and/or speci-
fy to minimize leak potential?

29.What can be done to prevent feed-

side fouling of reactor feed/effluent
exchangers? What feed analysis is
done to detect potential fouling? How
is fouling monitored? How many sites
use an antifoulant additive in the feed
to their HDS unit? What antifoulant
additive is used?

30.What is your experience with sulfur

31

corrosion in fractionation and associ-
ated equipment downstream of a
hydroprocessing reactor loop? What
have you done to address this corro-
sion?

What instruments or techniques have
proven reliable and accurate in meas-
uring the oil/water interface level in
high-pressure hydroprocessing unit
separators? Have you used radar or
nuclear-type instruments?

32.What has been your operating experi-

ence in improving reliability of the
reactor effluent air coolers by using
alloys such as Alloy 625, Alloy 825,
Type 300 series stainless steel,
Duplex stainless steel Alloy 2205,
Alloy 2507, and Alloy C-2767

33.How long is it advisable to run without

water washing in ULSD units, vacuum
gas oil (VGO) hydrotreating units, and
hydrocracking units? How is the cor-
rect washwater rate determined?





[image: image3.jpg]Technology Q&A:
Questions 34 - 51

FCC

Process

34.What test methods and properties do
you prefer to use in evaluating FCC
feedstocks?

35.What on-line analyzers are you using
for FCC feeds? What properties do
they measure? How accurate and reli-
able are they? What maintenance do
they require? What benefits have you
realized?

36.What on-line analyzers are you using
on FCC regenerator flue gas? How
accurate and reliable are they? What
practices for installation and mainte-
nance are required to make these
analyzers effective?

37.What impacts have you experienced
when recycling the following streams
back to the FCC feed:
) FCC Heavy Naphtha
b) Coker Naphtha
) Light Cycle Qil (LCO)
) Heavy Cycle Oil (HCO)

38.What are the FCC feed and process
variables that impact LCO sulfur con-
tent? For a 100-percent hydrotreated
feed, what is the lowest LCO sulfur
content achieved, and its correspon-
ding feed sulfur level?

39.Does your refinery have experience
with packed FCC reactor strippers?
What benefits and problems have
been experienced? What changes in
unit performance have been
observed?

40.

41.

42.

43.

4.

45.

What are your typical FCC key per-
formance indicators (KPls)?

What guidelines do you use to deter-
mine the riser's emergency steam
rate? How does the type of riser termi-
nation device impact that rate?

Can increased equilibrium catalyst
average particle size (due to dam-
aged regenerator cyclones) increase
the carbon on regenerated catalyst in
a partial-burn operation? (Assume
that the CO2/CO ratio is unchanged.)

What is your experience (and/or con-
cerns) with FCC main fractionators
that utilize only structured packing
internals? With future regulations
requiring lower sulfur levels in prod-
ucts, do you have concerns about
gasoline, LCO, and slurry separation
efficiencies in packed main fractiona-
tors?

What levels of carbony! sulfide (COS)
have you measured in the C3/C4
product stream and what is the corre-
sponding FCC feed sulfur level? How
is COS formed in the riser/reactor, and
are there differences in COS produc-
tion with hydrotreated vs. unhy-
drotreated feeds?

As a means of shortening the steam-
out of a shut down FCC main fraction-
ator and gas plant, various chemical
decontamination products are avail-
able to remove or neutralize hydrocar-
bon and hazardous compounds.
What successes and shortfalls have
you discovered when using these
products?

46.

47.

48.

49.

50.

51.

During start-ups or during periods of
processing light feed, we typically
experience high stack CO levels. The
conditions in our regenerator during
this period are not typically favorable
for CO formation. Do you have this
problem? What could be the mecha-
nism behind this phenomenon?

What causes elemental sulfur in FCC
gasoline?

What steps can be taken to adjust the
FCC's heat balance for higher regen-
erator temperatures as the severity of
FCC feed hydrotreating is increased
to reduce sulfur in gasoline? What
changes can be made to optimize
FCC operation with this higher severi-
ty feed hydrotreating?

What is your experience with distillate
cracking in the FCC when the feed
blend exceeds 30 percent 700°F
minus material?

What is your experience with LCO
quench added to the end of the riser
or to the vapor leaving the primary
catalyst/vapor separator? When would
each location be used? What are the
operational difficulties and issues?

What are the parameters for using
dome steam at the top of the reactor
vessel to prevent coking? How do you
ensure adequate superheat of the
steam? What improvements have
been seen with this steam use and
why is it being used again when it
was removed from most of the older
units?




[image: image4.jpg]Technology Q&A:
Questions 52 - 70

Mechanical

52.What has been your experience using
ceramic inserts for repairing regener-
ator air distributor nozzles? Are they
cost effective? Is less erosion experi-
enced?

53.What are the advantages and disad-
vantages of j-bends, wye, and hori-
zontal configurations for catalyst
transport? In what situations do you
select one instead of the other?

54.Have any refiners with historic prob-
lems of cyclone dust hopper erosion
been able to mitigate the erosion
with refractory changes and achieve
multiple runs? What are the operating
and/or inspection experiences
with the different materials and
thicknesses?

Catalyst

55.Gasoline sulfur reduction technologies
(catalyst/additives) have been exten-
sively discussed. What advances
have been commercially demonstrat-
ed in the past year? What percentage
of refiners who have tried these tech-
nologies continue to use them on an
ongoing basis?

56.Deposits formed from agglomeration
of catalyst “microfines” have been
experienced in high velocity areas
such as expanders, cyclones, and
critical flow nozzles. What catalyst
properties or operating conditions
contribute to these deposits? Has the
increased use of various FCC catalyst
additives resulted in an increased fre-
quency of these deposits? Document
any successful experience in reduc-
ing deposit formation.

57.How do alkali metals (Ca, Na, K)
impact the FCC catalyst and opera-
tion? How can catalyst design be
improved to increase zeolite surface
area and activity retention at high lev-
els of sodium and other alkali metals?

Environmental
58.0ur resid FCC unit has a dispropor-

tionate amount of particulate emis-
sions that are less than one micron.
Are you experiencing this anomaly on
your FCC unit(s)? What is causing it?
Can poor desalter operation con-
tribute to the creation of particulate
emissions?

59.What has been the commercial expe-

rience with selective catalytic reduc-
tion (SCR) units on FCCs for NOx
emission control? Please comment on:
NOx reduction achieved (absolute
and percentage reduced)

Ammonia slip levels

Pressure drop

Catalyst life relative to FCC run length
Reliability and resistance to tempera-
ture upsets

Plugging or erosion by FCC catalyst
fines or ammonium sulfates

60. Are you currently meeting or planning

6

to meet the 2005 MACT I require-
ments by utilizing a third stage sepa-
rator (TSS) rather than either an ESP
or a wet gas scrubber? If so, please
discuss the factors that influenced
your decision to utilize a TSS rather
than the other technologies.

.Are you aware of an accurate model

to predict NOx emissions from an
FCC unit? How are feedstock proper-
ties, unit design, operating parame-
ters, and catalyst properties account-
ed for in such models?

62. Have you found a reliable way of con-

tinuously monitoring particulate matter
in your stack gas?

63.What are typical SO2/SO3 ratios in the

stack of a full-burn FCC?

Crude / Vacuum / Coking

Crude/Vacuum

64.What is a typical crude unit turn-
around frequency? What normally lim-
its run length? What are the best ways
to extend crude unit run lengths?

65. What types of vacuum pumps have
you used successfully? Do they
replace all ejector stages or just the
last two? How reliable are they?

66.What are the key operating and
design variables that contribute to
atmospheric tower top fouling and
corrosion? How can these variables
be controlled to minimize fouling and
corrosion? What top tray/packing and
lining materials can be used to pre-
vent this type of corrosion and foul-
ing?

67.What types of level sensing devices
are you using in crude and vacuum
towers? What reliability issues are
there in these services and how have
you addressed them?

68.How is your refinery processing vacu-
um off gases to meet NSPS fuel stan-
dards?

69.We routinely “blow out” (dislodge) our
slop wax/hot wash packed section of
our vacuum tower. What improve-
ments have you incorporated that pre-
vent dislodging the packing in the
wash zone section of the vacuum tow-
ers?

70.What are your general guidelines for
minimizing coking during vacuum unit
“deep cut” operations in terms of
heater vaporization, coil outlet temper-
ature, and stripping and coil steam
addition rates?




[image: image5.jpg]Technology Q&A:
Questions 71 - 87

71.Corrosion inhibitors are usually added
to a crude overhead condensing sys-
tem in the vapor line upstream of the
overhead exchangers. How do you
ensure proper distribution of these
inhibitors?

72.What emerging technologies do you
employ for inspection and monitoring
of fired heaters?

73.What crude properties are you track-
ing routinely and how often are they
tested? How often do you update
crude assays?

74.What inorganic contaminants (mercu-
ry, zinc, selenium, calcium, barium,
etc.) are causing operating problems
in crude units? What are the issues?
How are the impacts mitigated?

Coking

75.When injecting sludge in a water slur-
ry during the coke drum quenching
cycle, what are your target levels for
free oil, solids size and concentration
in the slurry? What guidelines do you
use to determine when sludge injec-
tion must be discontinued?

76.What criteria/parameters do you use
to control the overhead temperature of
the coker fractionator? What changes
to tower operations do you make dur-
ing drum heat up, drum switching and
drum steam out to the fractionator?
How is your control scheme set to
control the full boiling point (FBP) of
light coker gas oil (LCGO)? How do
you maximize preheat and minimize
drum pressure? Do you use
advanced computer controls for the
fractionator?

77.What key operational and design vari-

ables impact ammonium chloride
deposition in coker fractionators and
LGO sections? Which design and
operational practices have you found
to be most effective in preventing
deposition? Describe any effective on-
line methods to remove existing salt
deposits.

78.What is your experience with grid and

structured packing in coker fractiona-
tors? Is fractionation better or worse
than with trays? By how much can the
pressure drop at start or end of run be
lowered? Can wash zone grid spray
be reduced (lower recycle rate) with-
out coking the wash section?

79.What techniques are you using to

decontaminate various sections of the
coker for safe entry?

80.Have coker furnaces with multiple

8

passes and common convection sec-
tions been spalled on-line routinely?
Explain why convection and radiant
tube diameters are important for suc-
cessful on-line spalling. Can a two-
pass heater be spalled on-line?

.What techniques are you using to

passivate 347SS coker heater tubes
for pigging or turnarounds?

82.Have you had favorable experience

with furnace tube internal coatings or
bimetallic formulations? Do you
remove outside diameter (OD) tube
scale on-line?

83.What feed properties (such as

Conradson Carbon Residue/Heptane
Insolubles ratio) determine if the oper-
ators will have difficulties in cooling
and draining the coke drum? Do you
have any recommendations for
improving cooling and draining of
coke drums?

84.

85.

86.

87.

What is the life expectancy of coke
drums? What number of cycles goes
with this life expectancy? What criteria
do you use to determine that drum
replacement is necessary? What
operating techniques have you
employed to reduce coke drum
stress? How often is strain gauge test-
ing employed? Are newer drums
being manufactured with strain
gauges and additional shell tempera-
ture indicators?

What tools or methods do you employ
to predict required repairs or remain-
ing life for coke drums? Please com-
ment on your experience with laser
beam inspection, finite element analy-
sis, and phased array and dual time
of flight diffraction.

We encounter severe and frequent
plugging of the filters in the suction of
our blowdown tower bottoms pump.
Are you experiencing the same? Can
coke-crushing impellers be fitted into
these blowdown pumps? Do you have
a success story to share?

EPA New Source Review (NSR) con-
sent decrees often require refiners to
eliminate routine flaring and they
specifically target coker blowdown
gases. What systems have kept coker
blowdown gases out of the flare suc-
cessfully? Can this gas be routed to
the suction of the coker wet gas com-
pressor? If so, is coker capacity
impacted? Is it better to rely on flare
gas recovery compressors? Where
are these gases routed?
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Plant-wide Systems

Safety
88.Please describe any safe park sys-

tems that your company has installed
on refining units. What process was
used to determine what process con-
ditions constitute a safe park condi-
tion? What instrumentation and control
hardware and software were used in
these safe park systems? Have you
installed any systems to completely
automate a safe shutdown and/or
start-up of a unit?

89.In 2000, OSHA adopted ISA S84 as a

method for addressing hazardous
processes being controlled by distrib-
uted control systems (DCS), program-
mable logic controllers (PLC), and
safety shutdown systems. What is
your refinery doing to comply with this
standard? Are SIL reviews being
incorporated into unit HAZOP's or are
they being performed separately?

90. Potential consequences of a furnace

91.

tube rupture are dependent on sys-
tem pressure, temperature and fluid
composition, as well as equipment
configuration. Which furnace services
would you consider to be the greatest
risks in your refineries? Do you allow
ail-only, hydrogen-only or mixed-
phase in hydroprocessing reactor
charge heaters? How do you provide
adequate layers of protection to pre-
vent a high consequence failure? Do
you require additional instrumentation
(e.g. skin thermocouples, pass flow
meters), fuel gas filters, limits on firing
rates, operator rounds, or other safe-
guards?

What are your criteria for using motor-
operated valves and/or deluge sys-
tems around pumps in hydrocarbon
service?

Environmental & Regulatory

92. Describe the different methods for
degassing sulfur pits and storage
How is the recovered sulfur handled
to avoid emission limits?

93.What methods are you using to meet
New Source Performance Standards
(NSPS) compliance for flares? What
types of flare gas recovery compres-
sors provide the best reliability? How
do you handle LPG liquids that are
knocked out or condensed in flare
gas recovery systems? s your refin-
ery fuel gas treated along with your
plant's sour fuel or treated separately
due to heat-stable salts or other con-
cerns?

94.What is your experience with selenium

removal from effluent water? What do
you do with a selenium-rich stream?

General Process

95.How are you handling recycled
streams such as slop oils and off-
spec products? What new technolo-

gies are available for emulsion break-

ing of slop oils? What is the typical
percentage of recycle generated?

96. Are you having emulsion problems

with wastewater treatment unit (WWT)

front end separators? What is your

experience with gravity separators vs.
corrugated-plate interceptor (CPI) and
induced air flotation (IAF) in oily water

processing?

97.How are you managing wastewater
from activities such as tank water-
phase biological treatments and

detergent washing from turnarounds?

What are your storage practices,
including emissions controls? What
are the low cost disposal methods?

98.There is a growing movement to
reduce or eliminate flaring. What sys-
tems and measures do you use?
Which units are the most difficult to
keep out of the flare?

99.What refinery reprocessing options
are commonly used for filter backflush
streams? Please share data on solids
loading (Ibs/1000 bbl) and particulate
sizing for backflush material.

Utilities

100. When justifying energy conservation
projects, do you put an economic
value on the reduction of the associ-
ated atmospheric emissions? If yes,
what is the basis for the valuation?
Has your company traded emissions
credits?

101. What is your experience with
reverse osmosis (RO) to produce
boiler feedwater? What is the relia-
bility?

102. How do you monitor the hydrogen
composition of key hydroprocessing
streams? How do you compensate
for shortfalls in hydrogen availability
due to shutdowns or upsets? How
do you manage hydrogen fluctua-
tions within the header; store in large
high-pressure units and swing pres-
sure; rapidly move hydrogen pro-
duction; other?

103. Is there a continuing trend for

refineries to be long on fuel gas, and

if so, why? What strategies are used
to alleviate the problem? Which
refinery units will see the most

change in fuel gas production as a

result of low sulfur fuels? Do you

export any fuel gas to other parties?
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Automation & Instrumentation

104.

105.

106.

107.

The significant increase in comput-
ing power in recent years has
enabled refiners to install sophisti-
cated data collection systems. Are
you looking at putting process unit
models on-line to advise operators
of changes normally monitored by
process engineers? What types of
models/systems are you using?

Do you currently export operating
data (real time or batched) to third
parties? If so, what information is
transferred, by what means and for
what purpose? If not, what are the
barriers? Who controls the flow of
this information within your organiza-
tion?

What is your current practice
regarding adoption of unit-based
closed-loop real time optimization
(RTO)? What benefits have been
realized? What are “real life”
resource requirements to implement
and maintain these applications?
Are you using this type of technolo-
gy to work on refinery-wide opti-
mization?

What level measurement method
has been successful for verifying
levels of light hydrocarbons in LPG
storage tanks, especially spheres?

Fuels

108. How can microbiological contamina-
tion affect finished product tanks?
What can refiners do to manage bio-
logical contamination of fuel in terms
of monitoring and treatment?

109. Describe your gasoline and diesel

blending operations with regards to

a) NIR and other in-line blending con-
trols;

b) Use and tuning of a linear program
or other gasoline blending models to
determine recipes;

¢) Metrics around optimizing gasoline
and diesel blending;

d) Batch blending component tanks
using actual tank qualities; and

e) How often do you update models for
NIR analyzers and how do you
determine the need to update?

110. The regulations allow two tiers of sul-

fur content in diesel fuel. Does your

refinery anticipate producing two dif-

ferent diesel fuels or will you go to a

single low-sulfur product for both on

and off-road? What volume splits
between on and off-road diesel do
you anticipate?

111. What are the specific requirements

for on-line blending of ultra-low sul-

fur diesel (15 ppm):

a) Is on-line sulfur analysis (D-5453)
with continuous blend compositing
enough?

b) Is an on-line blending waiver going
to be required (similar to on-line
gasoline blending)?

c) What are key issues when convert-
ing 500 ppm sulfur blending facili-
ties and tankage to 15 ppm?

112.

118.

What are the primary causes for fail-
ure of JFTOT specs for jet fuel, and
how are these problems solved?
What causes JFTOT to degrade
over time, in tankage (such as
microbial or tank sludge), or in
pipeline transportation by contami-
nation? How can clay filtering be
optimized with regard to clay life,
operability and monitoring?

What are you doing to address stor-
age and handling of ULSD within
the refinery gates? What contamina-
tion issues have you identified?

Business Drivers

114.

115,

Are procedures in place to docu-
ment unplanned events (not safety
or environmental)? Are you expand-
ing your safety recordable, environ-
mental reportable tracking, and
scorecarding systems to include
economic events, or managing them
using a separate system? How do
you reduce the number and cost of
unplanned events?

How have you enforced compliance
with Best Practices in a multiple-
refinery system? What obstacles
must be overcome to encourage
rapid deployment of Best Practices?
How does your company determine
the economic value of Best Practice
networks and what dollar-values
have been realized?
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116

117.

118.

119.

What are the top three to five meas-
ures for your refinery's business and
environmental performance?

How are you addressing the trade-
offs between pushing capacity and
equipment reliability?

Do you anticipate continuing to
operate in either maximum gasoline
or maximum diesel operation in the
future? Do you anticipate operating
in a more balanced mode between
gasoline and diesel production? In
the latter case, what planning tools
are you going to use to determine
the optimum operating point?

What services has your refinery out-
sourced? What factors led to out-
sourcing? Do you outsource opera-
tions of any non-core areas? How
did you overcome the labor issues
associated with outsourcing?

Gasoline Processes

Reforming
120. What are the process impacts on

121.

122

123,

yields, hydrogen production and
catalyst stability if you stagger reac-
tor inlet temperatures?

What methods are currently avail-
able to remove hydrogen chloride
(HCI) from catalytic reformer hydro-
gen export streams? What sampling
techniques and what flow schemes
have you used for chloride treaters
to avoid breakthrough of HCI?

What procedures are available for
cleaning large, vertical combined
feed exchanger bundles? Compare
the relative benefits of each in terms
of equipment preparation, time
required and cost.

What techniques are you consider-
ing for meeting refinery MACT Il
standards for HCI emissions from
cyclic (semi-regen) and continuous
catalyst regeneration (CCR) reform-
ers? Please provide the following
information:

a) Catalyst circulation rate

b
[
d
e

)

) HCI removal efficiency

) Utilities/chemicals consumption

) Caustic disposal methodology

) What are the compliance issues for
semi-regen reformers?

124.

125.

How are you handling precious met-
als management for isomerization
and reforming units? How are you
balancing ownership vs. leasing the
metals? Are you leasing metals long
term (3, 5, or 10 years)? How do you
deal with the economic liability of
leasing metals that are in an operat-
ing unit?

In converting CCR reformers to
higher density catalysts, what
changes have you observed in
activity, yields, throughput, coke
make, catalyst circulation, and
regenerator operations (i.e. tempera-
ture profile)?

Alkylation

126.

127

128

Is there an optimum number of acid
stages in a sulfuric acid alkylation
unit with multiple contactors? Are
there advantages or disadvantages
to having more or less?

What types of equipment/applica-
tions have had the most success in
continuously monitoring acid
strength in sulfuric acid alkylation?
Please address: Nuclear Source
Density Detector; Coriolis Meter;
Sonic Velocity Meter; and NMR
Analyzer. s there a benefit from indi-
vidual contactor monitoring, or does
a common settler acid provide ade-
quate information?

In HF alkylation units, what on-line
methods and equipment have you
used to monitor HF acid concentra-
tion? How effective and reliable have
they been?
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129.

130

131.

132.

How do you minimize fluoride scale
buildup on the trays of the HF alky-
lation unit isostrippers? What clean-
ing solutions work best for removing
this scale?

What types of level detectors are
you using on HF acid regenerators
and acid storage drums in addition
to nuclear and/or conventional differ-
ential pressure transmitters? What is
the reliability of these level detec-
tors?

What tools and measurements are
available to optimize the olefin split
when using HF alkylation split-feed
technology?

What is the impact on alkylate quali-
ty if the alkylation unit is expanded
to process isobutylene previously
converted in the MTBE unit?

Isomerization

133.

134.

135.

What is your experience with
respect to carbon monoxide (CO)
poisoning of platinum alumina chlo-
ride catalysts in pentane/hexane iso-
merization units? If you have detect-
ed CO in make-up gas, what is the
CO concentration range of the gas
before the drier? Have you experi-
enced CO-induced deactivation in
once-through hydrogen
pentane/hexane isomerization units?

What are the key performance indi-
cators for pentane/hexane isomer-
ization units?

Are there any new developments for
water-tolerant isomerization cata-
lysts? How well have these catalysts
performed in service following a
water upset? How much water can
the catalyst handle in an upset, and
still come back to perform ade-
quately in service?

Hydroprocessing

136.

137.

138.

139

140

141.

How are you dealing with severe
fouling due to polymerization in
naphtha hydrotreater (NHT) preheat
exchangers and reactors when pro-
cessing feeds that include cracked
naphtha? When it is necessary to
store cracked naphtha, how do you
ensure that air is excluded from the
tanks? Do you have experience with
chemical solutions for treating and
preventing fouling in the
hydrotreater?

With higher activity catalysts allow-
ing lower NHT reactor inlet tempera-
tures to meet sulfur targets, the dry
point is sometimes changed from
the feed/effluent exchangers into the
charge heater tubes. What problems
have been encountered with this
change? What have you done to
address these problems?

What is the typical octane loss
through post-FCC gasoline HDS
units? How does this compare with
expectations? What methods (unit
severity, additives, etc.) are avail-
able to minimize this loss?

What correlations are available that
relate FCC gasoline hydrotreater
feed sulfur and composition to
octane loss? What is the impact of
FCC feed hydrotreating on FCC
gasoline sulfur content? Is there a
difference in the sulfur to octane
response for FCC gasoline pro-
duced from hydrotreated FCC vs.
non-hydrotreated FCC feed?

What factors would you consider to
determine the optimum cutpoint
between light FCC gasoline for
caustic treating and heavy FCC
gasoline for hydrotreating?

How do you control odors from stor-
ing sour naphtha in tankage, espe-
cially for nitrogen blanketed tanks?

Gasoline

142

143

144

145

What technologies are you consider-
ing for converting or utilizing existing
MTBE units? What are the feed con-
taminant issues in FCC and coker
butylenes for these technologies?

What is the distribution/concentra-
tion of sulfur species, including ele-
mental sulfur, in low sulfur gasoline
as compared to gasoline prior to the
current reduction in sulfur content?

What are your recommended prac-
tices for eliminating the hydrogen
sulfide (H2S) from gasoline blend-
stocks and finished gasoline? What
kind of downstream equipment, if
any, do you use to remove H2S from
gasoline blendstock producing
units?

For gasoline sweetening systems,
what are the reasons for having a
caustic prewash upstream? Have
you measured elemental sulfur in
the feed and product streams of
gasoline sweetening systems and, if
s0, at what concentration?
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Scott Bieber is Marketing Manager for
Baker Petrolite’s Industrial Division in
Sugar Land, TX. Scott is responsible for
strategic analysis/technical marketing
for the Division’s fuels additives and
refinery and petrochemical process and
water treatment technologies. Scott
began his career at Nalco Chemical, holding field technical
support and account management positions in the Chicago
and Philadelphia areas, followed by work in refinery process
corrosion control program development and technical support
at Nalco’s Sugar Land facility. Since joining Baker Petrolite in
1991, he has held various product development, product
management, technical support management and sales posi-
tions, including two years in Singapore as Business
Development Manager for Southeast Asia. Scott has a BS in
Biochemistry from the University of lllinois and an MBA
(International Business) from the University of Houston.

Sandie Brandenberger is
Reforming/Isomerization Team Lead for
ConocoPhillips and is responsible for
technical service and optimization activ-
ities for these processes company
wide. From 1980 to 1992, she held a
variety of positions with Sunoco includ-
ing: Crude and Products Coordinator, Facilities Design
Engineer, Project Development and Economic Planner,
Technical Services Engineer in FCC and reforming processes.
In 1992, she joined Conoco, Inc. as an engineer in the
Process Engineering Division. Subsequent positions included
Reformer Consultant and various Optimization Team Lead
(OTL) positions. Sandie has a BS in Chemical Engineering
and Chemistry from Drexel University.

Jerry DeHey is a Vice President for
KBC Advanced Technologies in
Parsippany, NJ. Jerry joined Exxon
Corporation as a process engineer in
1978 and held numerous technical and
operational positions. From 1986 until
he joined KBC in 1995, he was in pri-
vate consulting practice. Jerry is responsible for KBC's man-
agement of technical service projects and heads KBC's tech-
nology development efforts. His areas of expertise include
bottoms conversion processes, primarily delayed coking, and
hydroprocessing. Jerry has a MSChE from the University of
Texas and he is a Professional Engineer in the states of Texas
and Louisiana.

CJ Farley is a sales and technical service
account manager with Engelhard and also
troubleshoots FCCs with severe operating
problems on a worldwide basis. Prior to
joining Engelhard, CJ worked several years
for KBR in technical service and FCC reac-
tor/regenerator design and technology. His
assignments included domestic and international project start-
ups as well as extensive troubleshooting of FCC and gas plant
operations. CJ began his career working for Marathon and later
Marathon Ashland Petroleum largely focusing on FCC debottle-
necking, optimization, operations, and planning. CJ has a
BSChE from Purdue University.

Frank Fatora is Superintendent of the
Process Control group at the LYONDELL-
CITGO Refinery in Houston, Texas. He is
responsible for the Advanced Process
Control; DCS and Safety Instrumented
Systems implementation and support at
the refinery; and Process Hazards and
Risk Analysis. Prior to this he was Technical Superintendent for
the Aromatics, Lubes and Utilities areas at the refinery. He
began his career as a process engineer at ARCO and held vari-
ous technical services positions with different refining compa-
nies before joining Lyondell Petrochemical in 1989 at the
Channelview Olefins plants. He has a BSChE from Drexel
University.

Jeff Johns is the Hydroprocessing Best
Practice Team Leader for ChevronTexaco.
He joined Chevron Research Company in
1986 and worked in the Process
Engineering Department performing vari-
ous design and troubleshooting assign-
ments in support of Chevron'’s refineries
and licensed Hydroprocessing Units. He transferred to the Salt
Lake City Refinery in 1989 and has held positions as Process
Engineer, Project Engineer, Lead Process/Design Engineer,
Lead Environmental and Safety Engineer, Long-range Planner,
Operations Coordinator, and Operations Area Supervisor. In
these positions Jeff developed experience and expertise on a
wide variety of refinery processing units. He received a Chevron
“Chairman’s Award” in 1991 as part of a team that developed
innovations in the environmental area. He assumed his current
position in 2001 where his responsibilities are to provide techni-
cal and business support for ChevronTexaco’s hydroprocessing
units worldwide. Jeff has a BSChE from the University of Utah.
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Technology Manager at the CITGO
Petroleum Corporation Lemont Refinery
where he has been employed since
1982. His background includes a vari- )
ety of assignments in engineering, tech- |
nical service, operations and process -
control. He has specialized in FCC technology since 1988.
Mark has a BSChE from the University of lllinois and an MBA
from the University of Chicago.

Dr. David Krenzke is the Manager of
Hydrotreating Technical Service for ART
with over 25 years of experience in
hydroprocessing technology. He held

a variety of technical and technical
management positions in Unocal and
UOP before joining Advanced Refining
Technologies. He has a PhD in physical chemistry from the
University of Wisconsin-Milwaukee.

Larry Lacijan is the Senior Manager of
Refining Technical Services for UOP
LLC. He is responsible for managing
technical support to UOP licensees in
all aspects of FCC/RFCC/MSCC tech-
nology, hydrocracking and hydropro-
cessing technology, and treating tech-
nology, including establishing operating procedures, optimiz-
ing unit performance, troubleshooting, and coordinating engi-
neering revamps. Since joining UOP, Larry has held positions
in Experimental Design and Development, Field Operating
Services, and Platforming Operating Technical Services, and
has experience with a wide variety of process units. He has a
BSChE from the Polytechnic University of New York, is a mem-
ber of the AICHE, and is a registered professional engineer in
lllinois.

Russ Murray is the Technical Services
Manager at Sinclair Oil's refinery in Sinclair,
Wyoming. Russ is currently responsible for
the supervision of laboratory services and
process engineering providing product
certification, process specifications, unit
monitoring, catalyst evaluation, chemical
treatment, troubleshooting, energy optimization and turnaround
support. Prior to joining Sinclair he held management positions
in Operations and Maintenance at Paramount Petroleum in
California and Riyadh Refinery in Saudi Arabia. Russ has a
BSChE from Queen’s University in Kingston, Ontario, Canada.

Ed Palmer is currently the Manager of
Downstream Process Engineering for
Mustang Engineering. He is responsible for
process design and marketing support for
all refining, petrochemical and chemical
projects. At Mustang he has led numerous
studies, technology evaluations and proj-
ects relating to clean fuels production. Prior to assuming his
current position at Mustang he spent 23 years with Litwin
Engineers and Constructors in a variety of assignments in
process design. Mr. Palmer spent the first five years of his
career as a refinery process engineer for Conoco in Oklahoma.
He has a BSChE from the University of Missouri, Rolla.

Jim Stump is Vice President Refining and
Refinery Manager of Frontier Oil
Corporation’s EI Dorado, KS Refinery. Jim
started his career at CITGO in Lake
Charles, LA and then joined Frontier at its
Cheyenne, WY refinery as Operations
Engineer in 1990. He held the positions of
Operations Superintendent, Safety & Inspection Manager and
Operations Manager at Cheyenne before transferring to El
Dorado as Manager-Manufacturing in January 2001. Jim
became Vice President Refining and Refinery Manager at El
Dorado in July 2002. He has a BSChE in Petroleum Refining
from the Colorado School of Mines in Golden, Colorado.





附件 三

Question and Answers List for Mass Production of MWNT 
October 18, 2004 in CML Boston

NOTE ABOUT COMPETITORS: We have identified two competitors, Hyperion Catalysis Int. and Carbon Nanotechnologies Inc. The former has been in business over 23 years. HCI has patents for a process involves the use of Fe-Mo supported on alumina to produce MWNT having width ranging from 3.5-75 nm and an aspect ratio 5. The process uses ethylene that although is cheaper than CO, it leaves polymer residue on the MWNT surface.  CNI uses high pressure HiPCO process that is inefficient and extremely expensive.

	1) Manufacturing Technology
	

	· To the best of your knowledge how far is the technology lead in terms of years?
	Provided that we continue our R&D programs, we anticipate that we can retain the leadership in this field for at least 15 years.

	· What is your strategy in maintaining the technology lead?
	Catalytic Materials has perhaps the most experienced and knowledgeable team in carbon nanotechnology that no other company in the world possesses. RTK Baker produced the first patent in the area in 1974. Due to our unparalleled understanding of the mechanism of CNT growth it would be very difficult to overcome our IP.  We are continuing to build fences around our technology by ensuring that others cannot overcome our IP positions.

	· Are there any potential replacement materials or technologies that might threaten the CML’s technologies?
	Carbon nanotubes are the material that many industries have been looking for many years.  Although a new competitive material could be developed, this could take at least 15 years. We are however, very confident that new uses will be implemented, i.e. in high performance tires and finally as a substitute for carbon black in many applications

	1) Conversion efficiency – 80%. Is it an average or the minimum? Is 90% or higher achievable? Highest vs. the competitors?
	We have several processes for the manufacture of MWCNT. The typical conversion is about 40% in one pass.  Although a 50% conversion on one pass has been obtained in the laboratory scale, we believe that a 90% or higher can be achieved by a re-cycle step.  We are currently working on this problem.

	2) Purity of products – Is 99.3% an average purity or the minimum? Highest vs. the competitors?
	Our process generates the highest purity product in the market. Due to the carefully controlled conditions, we do not make any other forms of carbon. The impurity 0.7% is the catalyst residue. It is possible to reduce this level using a longer reaction time, however, this could not be economically advantageous. On the other hand, removal of the metal catalyst via dissolution in mineral acid will give a 99.9% purity product.

	3) Manufacturing costs – Is it lowest, compared to the competitors’?
	Taking into account purity and quality of the material, the answer is YES. Finding a cheaper supply of carbon monoxide could further reduce cost. Alternatively, natural gas is a suitable reactant.

HCI – the major competitor. It owns patents and produces MWNT less expensively also. HCI tries to fence off the contenders by lowering the pricing at higher quantity.

China – a few companies in China are also the competitors. They don’t have patents. However, they claim to produce MWNT less expensively also. For low grade of MWNT as grown, they can offer at a pricing as low as $0.08/g. For higher grade of MWNT, they may ask for >$1/g.

	4) Conductivity - Is it higher than the competitors’?
	In the as produced state our conductivity is at least equivalent to that of Hyperion’s and lower than CNI’s SWNT, however, for a small additional expense it is possible to reach the level of SWNT at a cost that is several orders of magnitude lower than CNI’s

CML – probably around x3 better than Hyperion’s. After post treatment, probably as good as CNI’s SWNT.

	5) Yield or Efficiency vs. Reaction Temperature – Are they related?
	Some of these parameters are thermodynamically driven.  Higher temperatures seem to reduce the yield. This appears to be the problem of CNI, where the CO conversion is well below 1%.

	6) Are Yield and Purity claimed after removal of catalytic materials?
	NO.  All yield and purity data of the MWNT is in the “as-grown” condition.

	7) If operated in continuous mode, what is the turnover frequency of the catalyst? If produced in batch mode, what is amount of the catalyst used/kg of MWNT?
	We do not have data for production in a continuous mode.  In a batch mode one would require 14 to 15 grams of catalyst.

HCI – they produce MWNT probably a few tons a year. It still does not appear to have automatic processing to produce MWNT.

Solutions – to develop automatic batch type process or to develop automatic fluid bed process that has been applied in manufacturing SWNT at higher yield.

	8) Source of Catalyst – If CML self produced it in lab, will CML continue supplying it for the scale up production or use OEM? 
	Several catalyst manufacturers have expressed interest in the large-scale production of the CML catalysts, which will ultimately result in a cheaper material.

Suggesting the consortium to produce catalyst through licensing.

	9) What are the impacts of reaction variables - temperature, pressure, reactants, and others - on production efficiency & selectivity?
	Controls of these parameters are key factors for generating high quality, uniform width MWNT.  Low temperature and high pressure are thermodynamically favorable, however, a critical temperature must be reached to attain high crystallinity

	10) Is the same reactor applicable for production of P-GNF and the other CNTs? If so, does it require major modifications or minor alteration?
	Yes. The catalyst and gas mixtures are different and covered by different patents. In addition, we have developed other products that can be generated at comparable conditions.  The different structures are determined by the nature of the catalyst, reactant composition and reaction temperature and post-treatment steps.

Suggesting the consortium to produce P-GNF with the same reactors and facility through licensing later on. CML is the only company owning the patent for producing P-GNF. 

	
	

	B.
Quality Control
	

	1) To achieve the various specifications for different applications, how does it affect conversion efficiency and yield?
	Further research will be necessary to gain a control of desired physical parameters as a function of catalyst performance.

	2) Is MWNT length controllable and in what range?
	The length of the MWNT depends upon several parameters including time of reaction.

	3) Is cross section of the MWNT controllable and in what range?
	Diameter of MWCNT can be controlled to a minimum average of 4 nm, (±2 nm) however, the cost of production will increase as the size is reduced.

	4) Is multiplicity of the nano carbon tube walls controllable and in what range?
	YES to a certain degree. The number of walls and the diameter are related, however, if the question refers to SWCNT, we do not think that it is possible to produce pure SWCNT under any process (even CNI’s)

	5) Is size uniformity controllable and in what range?
	If this question refers to length, under certain conditions it could occur. The width of CNT is dependent on the size of the catalyst particle and this parameter can be controlled

	6) Correlation of conductivity vs. length, diameter, number of walls, uniformity, temperature or other factors?
	All these parameters are interrelated and a great deal is in house know-how.

	7) How to optimize the conductivity with respect to the above parameters? 
	Some of our patents focus on conductivity, whereas other patents address the issue of product yield.

	8) What is the optimal length, cross section, aspect ratio etc. for use in conductive plastics?
	It depends on the particular application. Thin, conductive and transparent films will require high length, and very low diameter (high aspect ratio). Other applications such as anti-static will not be as demanding.

	
	

	C.
Dispersion Technology
	

	1) Has surface modification been developed for easier dispersion in the different media? And in what kind of media?
	We have various in-house treatments that facilitate dispersion in aqueous and alcoholic media and are working on this aspect.

Successful demonstration of easy dispersion in polymers or plastics is indicated by HCI, Japanese companies, Chinese companies and some companies/research organizations in Taiwan. MWNT was proved to be easier for dispersion in comparison to SWNT.

	2) What’s the limit of the dispersion (wt% of CNT) in the various plastics, solvents or water?
	Research will have to be done in the subject

HCI – has demonstrated MWNT can be successfully dispersed in many polymers or plastics. The consortium or NII, an application IP company will require to establish the data base as HCI does.

	3) What is the conductivity in terms of %CNT in the various plastics?
	Research will have to be done in the subject

HCI – has demonstrated conductivity is different in the different plastics. A program as described in 2) may be pursued.

	4) If there are dispersion related issues, will CML be relied upon to deal with them?
	Research will have to be done in the subject

Suggest using the domestic research organization and industrial plastic compounding companies to deal with them. It will be less expensive and more effectively.

	
	

	D.
Technology Transfer
	

	1) What is the scope of technology transfer?
	Catalytic Materials has a number of patents available for transfer. The new company should determine what technology it desires to commercialize.

Suggest manufacturing such as processing, specifications of equipment, specifications of raw materials, etc.; QC; waste treatment; safety; packaging; materials/products storage; specifications of products; training; facility requirements; market information; customer list, consultation, etc. to be incorporated into the scope of technology transfer.

Suggest making sure consortium is the only joint venture company with CML with warranty in supplying catalysts and with first priority to license catalyst and P-GNF

	2) How many patents related to MWNT manufacturing that have been issued? How many patent applications are pending and when will they be issued? Are they internationally covered? Are they covered with umbrella IPs that includes catalysts and applications in conductive plastics and others?
	Two main patents for the manufacture of MWCNT have been allowed, patents for the manufacture of P-GNF have been issued. Patent applications covering the uses of MWCNT and P-GNF, a total of 25 have been filed at both the US Patent Office as well as internationally.

CML could be the only company that produces MWNT without infringement of HCI’s patents.

	3) What are major prospective applications of carbon nanotube to industries and products? Accordingly, what are the anticipated revenues?
	MWCNT have applications in a number of areas. We have concentrated our market research to the area of conductive polymers because the material would fulfill the need for a better filler that it does not exist. Once the production has been scaled up it should start to penetrate the carbon black market in high tech applications. It is projected that a $700 million global market will be reached in 2006.

	4) Are catalyst formulation and manufacturing included in technology transfer for making MWNTs?
	A catalyst manufacturing company will produce the catalysts for the production of MWCNT and P-GNF

The consortium may team up with the catalyst manufacturer or produce its own catalyst through licensing.

	5) How long and how often are required to have technology transfer?
	Catalytic Materials is willing to conduct further research on a funded cooperative agreement basis and give the consortium the first option to license any new technology that the company decides to patent.  This arrangement can continue for as long as both parties agree to work together.

Suggest consortium to work with CML through cooperative agreement to ensure the leadership in technology

	6) Does technology transfer include the technical consultation during the plant construction, test-run and for how long? And, who will be paying for technical consultation, traveling, lodging, and consultation fee, etc.
	Catalytic Materials will be willing to continue to function as both the research and technical consultant partner to the JV provided that a mutually acceptable cooperative agreement is in place.  Such an agreement will include funds for consulting, travel and lodging.

	
	

	E.
Environmental and Safety
	

	1) Is there any known safety and environmental issues related to CNT?
	Previous models done in the 70’s or 80’s would project that carbon nanomaterials are outside the region of cancer risk.  It is however, important to point out that studies involving nanotubes and human subjects have not been conducted.

Suggest producing conductive plastics right after production of carbon nanotubes. 

Some studies had been conducted as indicated by NanoLab.

	2) How CML is handling current and future issues?
	Our current volume of production is low. We sell research amounts of material. A MSDS is included with guidelines regarding the handling of the material that include breathing protection. One of the advantages is although the material is thin; the length allows the trapping in conventional filters.

Suggest careful automatic packaging has to be installed if selling the carbon nanotubes.

	3) What are the proper procedures for handling the CNT waste, CNT containing liquids, and other chemicals and gases?
	CNT waste is collected via a vacuum system. It can be gasified in air to form CO2. It can be reprocessed to obtain CO and H2 that can be recycled to make more CNT. We do not have CNT containing liquids as they are filtered.  Acids residues are neutralized and evaporated.  Waste management takes care of the final residues.

	
	

	F.
Cooperation and Joint Venture Structures
	

	1) 
What is CML’s anticipated role, such as a joint venture partner or an allied cooperation, in the new project/company?
	CML is a research and development company. We could continue to serve as the research branch of the new venture on a contract basis. The joint venture could select research projects or participate in CML projects that can later be commercialized by the joint venture. In addition, CML could perform quality control and assist in the solving of problems that might arise. After all, we are experts in catalysis, carbon deposition and catalyst deactivation.

Suggest consortium to work with CML through cooperative agreement to ensure the leadership in technology and/or hiring Dr. Baker as a consultant

	2) 
Accordingly, from CML’s point of view, what are the operation module, organization structure, expected schedule, technology transfer fee and return under different cases?
	SEE table below.

Valuation may be determined by technology leadership, manufacturing costs, product quality and market size that affect the market share and profits. 

Technology leadership – Yes as evidenced by manufacturing costs, product quality, and umbrella IPs including applications IPs. 

Manufacturing costs – Yes. CPC has less expensive CO and H2 and thus the manufacturing costs can be reduced.

Product quality – Yes, CML claims to produce the higher purity and uniformity of MWNT.

Market size – Huge, around 10 billion USD in 2015.
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Issued
“Carbon Fiber Structures having Improved Interlaminar Properties”, US Patent
5,149,584, September 1992.

“High Performance Carbon Filament Structures”, US Patent 5,415,866, May 1995.

“Removal of Contaminants from Aqueous and Gaseous Streams using Graphite
Filaments”, US Patent 5,458,784, October 1995.

“High Performance Carbon Filament Structures”, US Patent 5,618,875, April 1997.

“Process for Separating Components from Gaseous Streams”, US Patent 5,626,650, May
1997.

“Storage of Hydrogen in Layered Nanostructures”, US Patent 5.653,951, August 1997.

“Method for Introducing Hydrogen into Layered Nanostructures”, US Patent 6,159,538,
December 2000.

“Graphite Nanofiber Catalyst Systems for use in Fuel Cell Electrodes”, US Patent
6,485,858, November 2002.

“Lithium Ion Battery Containing an Anode Comprised of Graphitic Carbon Nanofibers”,
US patent 6,503,660 B2, January 2003.

“Crystalline Graphite Nanofibers and a Process for Producing Same”, US Patent
6,537,515 B1 March 2003.

“Storage of Hydrogen in Layered Nanostructures”, European Patent 96,920,125, October
2002.

“Gold Catalysts Supported on Graphitic Carbon Nanostructures” US Patent 6,800,584,
Oct 2004.

“Catalysts for Producing Narrow Carbon Nanostructures”, USSN 20030108480 Allowed
September 2004.

“Method for Producing Multifaceted Graphitic Nanotubes,” USSN 20030108479
Allowed September 2004.

Pending

“Carbon Nanostructures on Nanostructures” USSN 20030118815

“Method for Preparing Carbon Nanostructures”, CIP USSN 20030099592

“Crystalline Graphite Nanofibers and a Process for Producing Same”, USSN
20020054849

“Method for Producing Powdered Metal Catalysts”, USSN 20040142816.

“Generation of High Purity Hydrogen 17, USSN 10/669956 Submitted to Patent Office
9/23/03






[image: image13.jpg]“Generation of High Purity Hydrogen 2”, USSN 10/669959 Submitted to Patent Office
9/23/03

“Novel Graphite Nanocatalysts”, USSN 20040141906.

“Multi-Component Electrically Conductive Polymer Structures”, Submitted to Patent
Office, 7/22/04.

“Graphite Nanofibers as a Column Packing Media for High Performance Liquid
Chromatography”, Provisional Patent Disclosure, 12/29/03.

“Process for Producing Narrow Platelet Graphite Nanofibers”, Submitted to Patent
Office, 3/12/04.

“Method for Producing Graphite Nanofibers having Improved Catalytic Properties”
Submitted to Patent Office, 9/28/04.

“Crystalline Graphite Nanofibers and a Process for Producing Same”, Japanese Patent
Application 2003-512478.

“Crystalline Graphite Nanofibers and a Process for Producing Same”, Japanese Patent
Application 2004-76133.

“Negative Electrode Material and Negative Electrode using the same, and Lithium Ion
Battery and Lithium Polymer Battery using the Negative Electrode”, Japanese Patent
Application 2002-353660.

Positive Electrode Active Material and Positive Electrode using the same, and Lithium
Ion Battery and Lithium Polymer Battery using the Positive Electrode”, Japanese Patent
Application 2003-006636.

“Negative Electrode Material, Negative Electrode using the same, and Lithium Ion
Battery and Lithium Polymer Battery using the Negative Electrode”, Japanese Patent
Application 2003-016063.

“Carbon Nanotube and Method of Fabricating the Same” Japanese Patent Application
2003-096252.

“Carbon Nanofiber and Method of Fabricating the Same” Japanese Patent Application
2003-096253.

“Negative Electrode Material, Negative Electrode using the same, and Lithium Ion
Battery and Lithium Polymer Battery using the Negative Electrode”, Japanese Patent
Application 2003-096254.

‘Graphite Nanofiber Catalyst Systems for use in Fuel Cell Electrodes” European
Application 00971080.7-2119.

“Crystalline Graphite Nanofibers and a Process for Producing Same”, European
Application 01968718.5-2111.

“Crystalline Graphite Nanofibers and a Process for Producing Same”, European
Application 02756407.9-2109.

“Method for Producing Multifaceted Graphitic Nanotubes”, European Application
1456439.




[image: image14.jpg]“Catalysts for Producing Narrow Carbon Nanostructures”, European Application
14559217.

“Development of an Aluminum Electrolytic Capacitor having a Uniform Array of
Micron-sized Pores”, US Provisional Application, Filed 7/30/04

“Modified Graphite Nanofibers as Catalyst Supports for Metal and Metal Oxides”
Submitted to Patent Office, 9/28/04.

“Carbon Nanochips as Components for Electronic Devices”, Submitted to Patent Office,
9/20/04.

“Method for Producing Highly Crystalline Platelet Graphite Nanofibers”, Submitted to
Patent Office, 9/20/04.





 附件 五 奈米碳管澄清題綱與回覆

進一步澄清之問題及回答(2004/10/20)

1. Conversion efficiency - How many cycles and how long to achieve 80%? Do you have experimental data? You had indicated 100% may be achievable. Do you have any preliminary results to support it? Is your current batch to achieve 80% efficiency is in an around 8 hours cycle time? Is the yield for each batch is around 0.9-1.0 Kg? Please confirm.
40% CO conversion in first cycle and following removal of CO2 and excess H2 by PSA (pressure swing absorption) a further 40% CO conversion is achieved in the second cycle.

We are working on a catalyst system that could in theory reach a 100% CO conversion.  Data is not ready for release until full analysis has been conducted.

The optimum reaction time is about 5 hours.  The weight of MWNT produced is dependent upon the weight of catalyst and the amount of CO used. 10 grams of catalyst produces about 650 grams of MWNT in 5 hours.


2. Patent issues - For the applications on conducting plastics or polymers, is it possible to infringe the patents from the other companies including Hyperion? Does CML have patents on conducting plastics or polymers to protect?

CML now owns patents for two processes for the synthesis of MWNT and we have successfully overcome Hyperions’ patents and therefore there are no infringement issues on the manufacture.  Regarding the incorporation of MWNT into polymers, CML owns one patent and has another pending application.  This aspect will have to be examined by patent attorneys, however, as we have not had a formal inquiry from the proposed JV this aspect will need to be discussed later.


3. Manufacturing technology - It appears that scale up and continuous process have to be developed. You are in the process to investigate the vertical fluid bed process. However, in the scale and experience of your organization, it may take long time to demonstrate. As you suggested, a partner to co-develop the process is necessary. NII is the company that is going to develop the manufacturing tool including the process. You are also interested in joining this company to achieve the goal. Do you have the other partners in Japan and Germany that are developing the manufacturing technology too?
 
CML did not plan to undertake the scale up of the process.  Fortunately, there are many companies whose business is to undertake such tasks.  We have received estimates for the design of a large-scale process based on CML technology.


4. Other partners - Since CML is also working with other partners in Japan and Germany, can you disclose your relationship with them? Dr. Leu would like to make sure there are no other surprising conflicts in the interest of Joint Venture Company.
We have a number of interactions with several companies around the world for R&D and due to the provisions in the NDAs we cannot disclose such information.  For the same reasons our discussions with CPC and partners will remain undisclosed.


5. Safety - Do you have documents available for consortium to understand the current safety issues on carbon nanotubes? We understand carbon nanotube may have no safety issue once it is incorporated into the polymers or plastics. However the operators may expose to the materials. In addition, if it is shipped to the customers, they also need to know how to handle it.
Safety issues are one of the projects that we would undertake as part of the proposed co-operative research agreement.


6. Cooperative agreement - Can you confirm again the projects that will require US$750,000 for R&D? How about IPs?
We are pursuing funding for a number of projects dealing with the uses of carbon nano-materials in catalysis, fuel cells, batteries, capacitors, FED and energy storage and generation.  The data from these projects would be available for sponsorship.  We already own IP for some of these areas and give first option to a partner who funded the research.


7. % share of JV Company - Dr. Leu suggested that CML may have lower share of JV Company since CML does not have manufacturing technology. It will be under negotiation with the JV Company. My suggestion is to have lower share for larger scale. For example, the % share can be lower at 1000 tons of production or according to the market valuation. Do you have other thoughts on this issue?
This item depends upon a number of factors.  Design and % share are two different issues to be negotiated and as mentioned above CML has already hired a company to design a large-scale process based on our technology.
8. Market information - As we discussed in the meeting, please provide the detailed information for the applications of conducting plastics or polymers since Join Venture Company will focus on the market of conducting polymers/plastics.
We need clarification regarding the technologies to be included in a JV company.  It was our understanding that CPC and partners would be manufacturing MWNT and CML owns the relevant IP for this technology.  It should be stressed that manufacture of platelet GNF and incorporation of either material into polymers will need to be discussed further as these are independent technologies.

[image: image15.jpg]1. The market share of Amsolv? s there any corporation relation between
Amsolv and chemical service company, e.g. Nalco, Betz...?

2. What kind of technical service can support? It is important for us because
we don’t have enough experience for water treatment.

3. Buckman is the biggest supplier of polyqua? What is the difference
between the product of Amsolv and Buckman? We always use quat to
control the algae and some anticorrosion problem. However, we found the
concentration of dispersant decrease sharply when we inject the quat. How
about the polyqua? It is also have the anticorrosion performance as quat?

4. s there any chemical we can use if the cooling water system has oil
leakage problem and it can’t be plugged?

5. What is the applicable program if the heat exchanger on the shell side has
pitting problem as picture?

6. Is there any biocide can replace the application of Kathon ? Kathon is a
cost effective biocide, but it is dangerous because of its skin sensitizer.
7. We found the whit precipitation deposited on the surface of Cu coupon.

RAREH22 K 858 483K R
BRHARE ¢ 93.1.29~93.3.16

3/16/100%

8. We will ask the supplier to dispose the drum, and have Chinese
label.....The example is as the attached file.
9. How to use the on-line cleaning chemical?

10.1s there any higher performance dispersant we can use? What is the better
method to analysis the chemical of AAJAMPS copolymer?

11.The chemicals we used are shown as the attached file.












PAGE  
31

