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Task i: Thermal Behavior of Slurr~ reactors Used for Indirect Coal 
Liquefaction 

The conversion of synthesis gas to liquid products is usually carried out 

with the reac=an=s in =he gas phase and a solid ca=alysc. Because of 

relaLively poor heat transfer from =he gas to the solid, uhe exothermic heat 

of read:ion is difficuit to remove, and care must be taken ~o prevent ~he 

catalyst E~om ovechea=ing with loss of selectivity and a=tlvity. Slurry 

reactors i= whluh the ~atalyst is suspended in a liquid medium a~d =he gases 

are bubbled =hrough the slurry have innrlnsically beu=er hear ==ausfe= 

characteristics and appear promising for indirect liquefac=ion processes. 

,Scope of Work 

In Task I of ¢his proje¢~ the thermal behavior of slurry rea~cocs when 

used for indirec~ coal liquefac=ion is being studled. Previous work w£=h a 

ruthenium catalyst has shown that =wo dlstinc= steady stares can be found for 

ide~=ical opera=ing condi=ions. 0=her catalysts and ope=atlng conditions are 

bei~g studied. 

Work is being done using three indirect liquefaction rou¢es involving 

synthesis gas--=he Fischer-Tropsch =eactlon, the one-step coversion to 

me=hano!, and the two-step conversion to methanol. 

Resul~ and HighlSghts 

A paper enti=led "Kinetics of Two-Step Me=hanol Synnhesis in the SLurry 

Phase" was submitted =o Fuel Processing Technology. A copy is included ~£=h 

this report as an appendix, The paper summarizes the kinetic data measured 

for ~he ~wo step process when each step is carried ouc independently. We are 

now experImen=ally investiga=ing the P.ine=Ics of the two step process in which 
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the reac£ions are carried out simultaneously in one reactor. Some 

experimenaal measurements were made during the last quarter and are described 

below. 

The s~iecCion of operating conditions for the reactor is complicated by 

~he fact that there are two reactions occurring. Experimental data for the 

individual reactions carried out independently have shown that the 

carbo~yiacion of methanol is reversible and faster than the hydrogenolysis of 

methyl formate at the experimental conditions. We can assume then =ha= the 

carbonyla=ion reaction is in equilibrium and the hydrogenolysls reac=ion is 

rate limiting. The rate equations were reporte~ in the last quar=erly report 

a~d are give~ in the appendix. Equating the forward and backward reaction 

ra~es for carbonyla~ion gives: 

rl=4.11xlO 7 exp (-10126/T)CCatal, ICMeo~Pco 

-l.70x1017 exp(-16788/T)Ccatal,iCMeF=0 CI) 

a~d subs=icuring CMa F in=o =he hydrogenolysis rate equa=ion 

1871.5 exp(-8348./T) CMeFPH2CCata I ~2 

r2= i + ~.039 ' C2) CMe F + 0.096 PCO 

i 

~he m~hanol production rate can be written as 

4.49xi 0 . 7  exp(-1686/T) Ccata I r2CMeoKPcoPH2 (3) 

rMeOH = 1 + 0.096 PCO 

The term 0.039 CMe F in the denominator of equation 2 is small and =an be 

neglected. It is clear from equation 3 that the methanol production rate will 
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increase with increasing pressure and with Increas£ng TemperaKure, al=1~ough 

=he temperature effect is small. We have used pressures from 35-63 a=la and 

temperatures from 120-180°C. The temperatures are higher Tha~ Those used in 

r 

the only other resulKs reported for this reaction by Aker Engineering (Peurole 

In~ormaKions, 34, 13 May, 1982). 

The races of reaction for =he carboQylation and hydrogenolysis reactions 

are shown in Figure I for a run of about I0 days. Rear=or conditions are 

no~ed on The figure. The liquid composition reached a steady composition 

after about i0 hours in which the methanol mole fraction was 0.957 and ~he 

methyl formate mole fraction 0.037. These values are close to those predicted 

assuming Chat the carbonylatlon reaction is i~ equilibrium. 

For the first 60 hours, the rear=ion rates for both hydrogenolysis and 

carbonylation are significantly higher ~han those calculated from equations 1 

and 2. After that the rates are lower than predicted. The unexpectedly high 
r 

ini=ial reaction race may be a synergistic effete due Ko the carrying out of 

boch react&ons simultaneously. The decrease in reaction rake ~ith time, 

however, is evidence =hat a catalyst aging or deacTivaTion mechanism is taking 

place. Further experimental data are needed. 

The Temperature was varied from 120 Eo 160, and =he reacTio~ race was 

found to increase as predicted by Equation 3.~ AC 180°C, however, the race 

dropped off very rapidly. Small amounts (less Khan 1.5%) of reaction products 

other =hen methanol or methyl formaKe were found. These are being analyzed. 

Future Work 

Work i~ the next quarter will continue on the experlmenEal study of the 

slmuIEaneous two seep mehTanol synthesis. 
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Figure I. Rate of consumption of hydrogen and carbon m o n o x i d e  f o r  t w o - s t e p  

methanol synthesis in one reactor. 



Task 2: Coal Liquefaction under Supercritical Condit%ons 

Supercritical fluid extraction is an attractive process primarily because 

the density and solvent power of a fluid changes dramatically wi=h pressure at 

near cri=icai conditions, and during the extraction of coal, the density of a 

super=ri~icai fluid should also change the extractability of the coai. During 

earlier quarters a non-reacTing supercriEical fluid, =oluene, was studied to 

determine =he effeCt of densi=y on the coal exKracKiou/reac=ion process. 

Extractions were carried our for 2 To 60 minutes aE reduced densi=ies be=ween 

0.5 and 2.0 and at ~emperatures be=ween 647 and 698 K. The dana obtained can 

be e pi ined by =he  ypo=hes   . . . .  ' . . . . . . . . . .  - . . . . . . . .  tha~ coal dissolution is required preceding 

llquefactio~ reactions and that the degree of dissolu=ion depends upon solvent 

density and temperature. A kinetic model shows than higher solven= densi=ies 

resul= in fas=er conversion rates and In hlgher total conversions. Two papers 

have resul=ed from =his s=udy. 

T 
A second fac=or than makes supercritical extrac=ion a=~ractive is high 

mass =ransfer rares. At high pressures, : mass =ransfer rares in a 

supercri~ical fluid are much higher =hen in a liquid, despite Khe fac~ ~ha~ 

the supercrlt&eal fluid has liquld-llke solven= powers. The ob~ec=ive of =his 

work is to measure mass transfer races for naphthalene exTrac=ion by carbo~ 

dioxide to enahle us to determine how mass transfer coefficients ~ary wi=h 

pressure, flow ra~e, and bed height, since these parameters will influence the 

design of ex=ractlon or teat=ion processes which u=ilize supercritical 

fluids. UiKima=ely, such measuremenEs will be extended To coal/supercritical 

fluid systems ~o help define the flow ra~es liquid/solven~ ra~ios t lm= would: 

be appropria=e for a supercri=ical sysEem. 



Review of  Mass T r a n s f e r / E q ¢ i l i b r i u m  Under S u p e r u r i ~ i c a l  C o n d i t i o n s  

Over the p a s t  few y e a r s ,  s ~ g n i f i c a n t  i n t e r e s t  has been e x p r e s s e d  in  a 

s e p a r a t i o c  c o n c e p t  wherein  a . 'ondensed phase  ( l i q u i d  or  s o l i d )  i s  c o n t a c t e d  

wi th  a f l u i d  phase  t h a t  is  s u p e r c r i c i c a l  bo th  iu t empera tu re  and p r e s s u r e  

sense. Several Industrial extracclon processes have been developed -- such as 

deasphal,'in E petroleum wi~h supercritical propane (i) and decaffeinatiug 

coffee wich supercritical carbon dioxide (2). Other examples ~ould i~clude 

deashlng coal liquids {3) and regeneratiQE activated carbon with carbon 

dioxide (4). 

Supercri~Ical carbon dioxide is a particularly attractive solven- Eor 

practical applications because it is nontoxic, nonflammable, env%ronme~cally 

acceptable, and relatively inexpensive. The critical temperat.,re of carbon 

dioxide is only 304 K a~d thus extractloQs can be accompllshed at moderate 

~eupera~res where thermal degradation of hea~-labile extracts is minimal. 

One o~ the cited advantages for usln E supercriTical fluids as ex~ractants 

is ~hat the diffusion coefficient are signlfican~ly higher than fqc liquid 

systems while the viscosity more closely approx/ma~es that of a gas. Such 

trends would lead one to coQclude That mass ~ransfer characteristics of 

supercritical fluids may be be£~er Tha~ comparable extraction carried on" i~ 

the normal liquid phase. 

There are few experimental da~a for dlffusio~ coeffIcienKs of sbluses i~ 

s~percri~ical fluids. Those available are shown in Figure 2 where diffusion 

c0efficien~ are plotted as a function of reduced pressure of ~he solvent Eases 

for ~he systems C02-nap£halene , C02-benzene , and eThylene-~apthalene. The 

low-pressure data show DAB to be inversely proportional To pressure, hut, 

approxlam~ely, DAB ~, pl/2 The raod~e of redu~:ed ~empera=ures shown in Figure 

2 Is 0.97 to I.,09. At higher temperature, DAB would increase. 



There is an interesting discontinuity in ~igure 2 for -he system CO 2- 

napthalene at 35°C. At a pressure of about 80 - 81 bar (Pr - 1.09), "he lower 

critical end point is attained and the diffusion coefficient is essentially 

zero (5). The change in D&B, as this critical point is approached, is very 

abrupt. Diffusion coefficients have not been reported for systems near ~he 

upper critical end points, but judging from the general Trend of liquid-Liquid 

systems near critical poin~s (6, 7), i~ would he expected ~hat d~ffusion 

coefficient would be very small in this region. In general, even though o~e 

has few data, it would appear that The binary diffusion coefficients for 

solutes in supercritical gases are around 10 -4 c~2/s for Pr values of i - 5 

and Tr values of 1 - 1.2. 

In the pressure and temperature range where mos .~ super~ritical 

ex~rae-ions would'he operated, there are no generally accepted correlations 

for mass ~ransfer coefficients. Storek and Coeuret (8) and ~iison and 

Geaakoplis (9) have reviewed liquid phase relations while Gupta and Thodos 

(I0) cover dilute gas phase systesm. Both Bradshaw and Bennett (II) and 

Pfeffer (12) point out =hat due to =he difference in S,-hmld~ numbers, liquids 

and gases would be expected to have different correlations for the mass 

~ransfer coef ficie~t. 

It is the purpose of this work to measure mass transfer coefficients and 

to compare ~heir dependence on pressure and temperature to the corresponding 

dependence of diffusion coefficients. In ~hls way, the relationship between 

diffusion coefficients and mass ~ransfer coefficients can be de~ermined. 

7 
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Experimen=al Design 

The schmatic diagram of =he revised experimen=al apparatus used in the 

past quarEer is shown in Figure 3. Liquid carbon dioxide is:pumped into Ehe 

system via a high-pressure Milton--Roy Liquid pump. Pressure is con:trolled by 

using a=back pressure regulator and pressure fluctuatlons are dampened with an 

on-lide surge =auk. The system ¢onsls=s of a preheater which allows =he 

solven= to reach =he desired temperature and the extrac=ion vessel 313 cm 3 in 

volume, 26.67 cm in length and 3.87 c~ in diameKer. The ex=rac=ioR vessel is 

packed wi=h ~ap=hale~e pellets which have been made from pure nap=halene using 

a die. The helgh= of the packing in the bed can be changed by using inert 

2 

packing a= =he bo==om and =he top of the bed. The ~ner= packing maKerial is 

being used in glass beads with size similar to that of the pellets. Another= 

advantage in using the inert pellets is to get rid of end effects in ~h~ 

packed bed being used as the extra¢tor. Pressure at the inlet of ex=rac=or is 

=measured US&hE a pressure transducer. 

measured a~ the inlet. 

The fluid mlx=ure coming out of 

The temperature of the ex~rac=or is 

the e~=rac~or is depressurized to 

a=mospheric pressure by passlng it through a heated metering valve and a back 

pressure regulator (4). The instantaneous flow meter reate of the gas leaving 

the ex=ractor is measured using a rouameter and the total amount of gas flow 

is measured wi=h a calibrated wet test mete=. During this quarter, =he bypass 

line has been modified as explained below. 

The mass of precipitated solid will be found as described below. With 

~his value and total amount of gas flow from wec test meter, the moZe frac=ion 

of solids in the supercritical fluid can be readily determined. The inlet 

scream temperauure and pressure of wet test meter are also measured. 
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In the present system, the sample collectors are high pressure bombs 

which are kept at room temperature by two 200 watt resistance heaters. Each 

vessel eontalns ~olue~e whihc will help dissolve the extract (nap=hale.e) from 

The C02. These vessels are operated aT 300 to 400 psla where the solubiikty 

of the solid in the C02 is a~ a minimum. The second vessel is redunda,T and 

is used to guarantee Taht all of the extract is collected and =o reduce 

e~traimmen= losses. No napThalene was found in these vessels during current 

experiments. 

To de=ermne the amount of extract collected, the amounK of Toluene (with 

d~ssolved extract) ~rLil be weighed. A sample of The toluene-extra== solution 

will =hen he injected i~to a gas chromatograph to de=ermine wha= por=ion of 

the solution is extract. To IRsure no extract remains in =he fire between 

valve 12 and The same cylinder, valve 12 was couverted to a five-way alva to 

allow washing of the llne with toluene. Fi,ally, the bypass, from valve i0 to 

12. is desigRed to insure steady flow before allowing ¢he C02 to pass =hrough 

the extraction vessel ([I). 

The whole apparatus is rated for a pressure of 5,000 psi. All measured 

Kdmperatures and pressures are recorded o~ a data logger. 

The parameters that are helmg studied are: 
5 

~a. effect of flo~ rate on solubillty of sapthale~e in ~arbo~ 

dioxide at different pressures and temperatures; 

b. effect of bed height on =he mass ~ransfer coefficie~t under 

supercrltieal eond~qons; 

c. effect of flow rate on the mass transfer coefficient u~der 

supercritical conditions; 

d. effect of pressnre o~ the mass :,transfer coefficient under 
1 

supererIKical eondltlons. 
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The experimental conditions are as follows: 
i 

System: Napthalene - Carbon dioxide 

Peile~ characteristics: 

Material: .~apthalene 

Shape: Cylindrical 

Size: Length (mm) = I0 

Diameter (mm) = 4.5 

Height of Bed {cm): 13.3, 8.9, 6.7 

Temperature of Bed (oK): 308, 328 

Pressure (psi): 1470, 2205, 2940, 3675 

Fiow rate (Std. Lit/Min at 700F and I arm): 4 - 40 

Calculation of Mass Transfer Coefficients 

The measurement of mass transfer coefflclen~s is based upon the following 

equation: 

l) Plug flow model wlthoa axial dispersion 

The mass transfer coefficient is calculated as: 

t, y 

=~y ~, (~) z~ ( .A ) 
Y A - 0 Yut 

C1) 

where M~y, is the  averaged molal mass velocity of the gas in moles per uait 

a r e a  per u n l ~  t i m e .  

where Y A is equilibrium mole fraction and ~ is the height of the packed 

section, and a i~ the incerfacial gas/solld are per unit volume. 

i2 



2) Cell model or compartments model. 

Flow patterns in a packed bed reactor wi~h very small ratios of ~he ~ube 

particle dlame~er to length can be closely approxlma~ed by plug-flow, bu~ in 

fake account of axial dispersion effect on mass o~her cases,  we should 

Transfer rate. 

The cell model is a generalization of a class o[ models such as the 

completely mixed tanks-in-series model and the back-flow mixed tanks-in series 

model. Since eomple~e mixing is assumed in a cell, the coacentzazion of an 

ex=rac=an~ (naphzhalene) in =he outgoing stream from the i =h cell is also 
% 

C i. The mauerial balance around the i=h cell gives 

v C i + KcA (C* - Ci) - v C i 

dC i 

For the steady-state and ~ ceils 

Is= cell: v Cin + kcA (C* -.C I) - vC i = 0 

2~d c e l l :  "v C 1 + k ~  (C*  - C l )  - vC 2 = 0 

n~h cell: v Cn_ l + kcA (C ± - C n) - v C~ = 0 

Therefore, 

L 

I ~A ( c *  - c i )  - v c  
£-1 

=0 
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For one layer of napthalene pellets, 

kaA = v ( C )  

C -C 

kcA - 
v C 

s~'  ( * ) "-r 
c - c 

V 
c c--u-) 

y -y 

_ m y  (_~/__) 
CAT 

y -Y 

k a 
= _Z_ 

C 

where 

Cin: the concentration of component A at the inlet 

Ci_l: the concentration of component A outgoing from the (i-l)~h ceil 

Ci: 

Vi: 

v; 

Gray: 

the concentration of componeat A outgoing from the i=h ceil 

the volume of ith ceil 

the volumetric flow rate of the gas: phase 

the focal model mass velocity of the gas in the moles per umi= area 

per unit time. 

For e i t h e r  approach YouC can be determ/ned by the amount of napcha~ene 

precipitated and coral amount of carbon dioxide passed through the 

experimental apparatus during ~he given time. 

14 
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I, Cylinder 9, Preheater 
2. Relief valve .. I0. Three-way valve 
3, Check valve II, Extractor 
4 .  Liquid pum'p 12. Four-way valve 

. 5. Bac~ pressure regulator 13, Three-way valve 
6. Surge tank 14. Water bath 
7. Pressure regulator 15. Solvent tank 
8. Temperature controller 16. Netering valve 

17.  H e t e r t n g  va lve 
18. Sample tanks  
19, S o l i d  t r a p  
20. Back p ressu re  r e g u l a t o r  
2 l .  Rotameter  
22. Back p ressu re  r e g u l a t o r  
23.  Rotamecer 
24, Net test meter 

"'R: Pressure gauge- 
PD: Pressure transmitter to Data logger 
Tb:.Thermocouple to Data logge.r 

FiR. 4 Schematic Diagram of the Experimental Appnrat.ua for Supercritlcal Fluid Extraction 



NCI0H 8 
Y = 
out + NC0 2 

NC 10S8 

WCl 0H8 PV 

NCloH 8 Mo£. Wt. (t28)' NC02 -~' 
(Z = 0.995) 

Work f o r  C ~ r r e n t  P e r i o d  ( O c t o b e r  1 - December 31) 

The s c h e m a t i c  d iag ram i n  F i g u r e  3 ~ras b u i l t  and t e s t e d  f o r  s u p e r ~ r i . ' i c a l  

c o n d i t i o n s .  In r,~is e x p e r i m e n t ,  we have found t h a t  some of  the  s o l i d  

d i s s o l v e d  i n  v e s s e l  ( 1 1 ) ,  under  s u p e r c r l t i c a l  c o Q d i t i o a s ,  was p r e c i p i t a t e d  In  

p i p e  be tween  t h r e e - w a y  v a l v e  (12)  and  f o u r - w a y  v a l v e  ( 1 6 ) .  This  can cause  

error in estimating the amount of naphthalene dissolved into CO 2 gas la 

s~percritical condition. During the operarion of our system, we had co change 
t_ 

~he posi:ion of three valves (16, 21 and rhe valve in frot of the West-test 

me¢ec (24)) simultaneously after ~he by-pass time (~our-uray valve (16) to 

solid trap (20)) reached steady state. 

In t he  r e v i s e d  s y s t e m  F i g u r e  4,  we r e p l a c e d  =he t h r e e - w a y  va lve  by a 

f o u r - w a y  v a l v e  (12)  and improved  t h e  washing  sys t em ( f o u r - w a y  v a l v e  (12) to  

solven ~ank (15)) ~o ge~ accurate da~a. Auo~her back pressure regulator (20) 

and rotome=er (21) were connected to =he solid =rap (19)) in by-pass line to 

m~ke the operation of our system easier. 

AfKer revising our system, ee operated it for 5 minutes at 308°K and 100 

at~ for several flow rates. When ~e checke~ the amount of the residual 

naphthalene after each run and found ~hat about 20% of original amount of 

naphthalene had dissolved into C0 2 in super~rltical condirion. So, we again 

decreased the runaIn S time to 2 minutes and found tha~ only 5 no 10Z of the 

original Raph~halene dissolved into C0 2. 

16 
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Figure 5. : Comparison of supercritical condition with G-S & L-S systems. 
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In the foilowlug experimea~s, we operated our system for 2 mlauCes and 

used one layer of napthalene pellets in the extractor to keep it from reaching 

equilibrium solubility. 

The mass tcansfer coefflcien~s were obtained at 100 arm and 35°C by ~he 

ceil model. 

Table 1. Mass Transfer Coefficients 

- -  - -  - - T  

Rua Superficial 
flow ra~e (L/m/n) 

N0. a~ 0°C, [ arm 

Ar 35°C, I00 arm 

Exi t 
mole  fr~ccion kca 

XI0 ~ (sec I) 

Molar Mass 
veZoci~y (gmo~e/cm 2 se~) 

~0 ~ 

2 19.324 3.4816 21.214 12.367 

i 17.798 3.6256 20.794 11.392 

3 14.009 4.3036 18.875 8.973 

4 10.906 4.8020 16.036 6.989 

In Figure 5, we compared our data with CO 2 (gas)-Naph~halene and water- 

naphthalene. I~ showed that the mass ~ransfer rate a~ s~percri=ical 

conditions lay between gas-solld and liquid-solld systems, buc was Ehe same 

~rder of magnltude as gas-solld systems. 

18 



References co Task 2 

(i) Zhuze, T.P.; Petroleum (London) (1960), 23, 298. 

(2) Vitzthum, 0.; Huberu, P. German Patent 23575P0, (1975). 

(3) Baldwin, R.S.; Davis, R.E.; Wing, H.F. "Critical Solven .~ De-Ashing - A 
Ne~ Solids Separation Method for Coal Liquefaction Processes," presented 
a~ ~he 4th Intecnational Conference on Coal Gasifi-c~Rtion, Liquefaction, 
and Conversion to Electricity, University of PiK~shurgh, Pittsburgh, PA, 
Aug. 1977. 

(4) Modell, H.; deFizlippl, R.P.; Krukomis, V.J. "Regeneration of Activated 
Carbon with Supeucritical Carbon Dioxide," presented at the National 
Meeting of American Chemical Society, Miami, FL Sept. 14, 1978. 

(5) Tsekhanskaya, Yu.V., Diffusion of Napthalene in Carbon Dioxide Near =he 
I/qu%d-Gas Critical Point, Russ. J. Phys. Chem., 45, 744 (1971). 

(6) Ramie, R.W. and Cussler, E.L., Fas Fluxes wi~h Supercrlrical Sovlen~s, 
AIChE J,, 20, 353-356 (1974). 

(7) Tsekhanskaya, Yu.V., Diffusion in the System p-Ni-rophenol-Water in The 
Cri~icai Region, Russ. J. Phys. Chem. 42, 532-3 (1968). 

(8) Storck, A. and Coeuret, F., Mass Transfer Between a Flowing Fluid and a 
Wall or Immersed Surface in Fixed and Fluldlzed Beds, Chem. Eng. J., 20, 
149-56 (1980). _ ~ 

(9) ~ilson, E.J. ~md Geankoplis, C.J., Liquid Mass Transfer at Very Low 
Reynoids Numbers in Packed Beds, Ind. Eng. Chem. F,,nd., 5, 9-I~ (:1966). 

(I0) GupUa, A.J. and Thodos, G., I,~ss and Heat Transfer in the Flow o~ Fluids 
Through Fixed and Fluidlzed Beds of Spherical Particles, AIChE J., 8, 
608-10 (1962). 

{II) Bradshaw, R.D. and Benne=£, C.O., Fluld-Partieie Mass Transfer an a 
Packed Bed, AZChE J. 7, 48-52 (1961). 

(12) Pfeffer, R., Hear and Mass Transpor" in MulKiparticle Sys=ems, Ind. Eng. 
Chem. F,,nd., 3, 380-3 (1964). 

(13) Resnlck, W. and Whi=e R.R., Chem.Eng. Frog., 45, 377 (1949). 

(14) Coro, S., Levee J., and Smith J.M., Ind. E~E. CHem., Process Des. Dev., 
14, 473 (1975). 

19 



|mm 

(/I O 

=E 

0 , ~ 0  " 
, m  qm lm w e  

:m,__ __ O 

w , =  = 

P'i_ ( , . I 'U~ ,  . 

,9, 
_~ e L E  ._. ;: 
0.,,,,- _w m ~ 

|mm g m m 

O 

Reproduced by N T / S  
National Technical Information Service 
Springfield, VA 22161 

This report was printed specifically for your order 
from nearly 3 million titles available in our collection. 

For economy and efficiency, NTIS does not maintain stock of its 
vast collection of technical reports. Rather, most documents are 
custom reproduced for each order. Documents that are not in 
electronic format are reproduced from master archival copies 
and are the best possible reproductions available. 
Occasionally, older master materials may reproduce portions of 
documents that are not fully legible. If you have questions 
concerning this document or any order you have placed with 
NTIS, please call our Customer Service Department at (703) 
605-6050. 

About  NTIS 

NTIS collects scientific, technical, engineering, and related 
business information -then organizes, maintains, and 
disseminates that information in a variety of formats- including 
electronic download, online access, CD-ROM, magnetic tape, 
diskette, multimedia, microfiche and paper. 

The NTIS collection of nearly 3 million titles includes reports 
describing research conducted or sponsored by federal 
agencies and their contractors; statistical and business 
information; U.S. military publications; multimedia training 
products; computer software and electronic databases 
developed by federal agencies; and technical reports prepared 
by research organizations worldwide. 

For more information about NTIS, visit our Web site at 
http://www.ntis.cjov. 

N'r/s 
E n s u r i n g  P e r m a n e n t ,  E a s y  A c c e s s  to  
U .S .  G o v e r n m e n t  I n f o r m a t i o n  A s s e t s  



U.S. DEPARTMENT OF COMMERCE 
Techndogy Admini~ation 

National Technical Information Service 
SpfJngfJeJd, VA 22161 (703) 605-6000 


