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1. A gas at pressure and temperature of P, and T), respectively, is steadily exhausted to
the atmosphere at P; through a pressure-reducing valve. Find an expression relating
the downstream gas temperature Tz to Py, Py, T}, (20%)

2. Develop expressions for the coefficient of Joule-Thomson coefficient and the
difference C;- C, for the gas that obeys van der waals equation. (30% )

3. Air at 101 kPa, 27°C, is compressed to 2000 kPa at a rate of 4 kg/s. Find the power
of the compressor and the rate of heat removal for:  (20%)
(a) Reversible isothermal compression.

(b) Reversible adiabatic compression.
Air may be considered as an ideal gas for which k (= C,/C,) = 1.4 and M = 29,

4. A binary solution of components A and B, at P,= 10 MPa, T = 30°C, and mole
fraction of component A, X, =098, is in equilibrium with a phase of pure A,
through a membrane permeable to A only. The Gibbs free energy for this solution 1s
given by

g=CaX + C(1-X) + RT[XInX + (1-X)In(1—-X)]
where Cy = 3000 kJ/kmol
Cg = 3000 kJ/kmol
R =8.3143 kl/kmol K

and X is the mole fraction of component A. Assume the specific volume of pure A is

constant at Vo = 0.02 m*/kmol.  (30%)

(a) Interpret the meaning of the constants C, and C.

(b) Is this solution ideal?

(c) Find the pressure of a phase of pure A which is in equilibrium with the solution.
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Mass Transfer. When a system contains two or more component whose
concentrations vary from point to point, there is a natural tendency for mass to be
transferred, minimizing the concentration differences within the system. The transport
of one constituent from a region of higher concentration to that of a lower concentration
is called mass transfer.

Many of our day-by-day experiences involve mass transfer. A lump of sugar added
to a cup of black coffee eventually dissolves and then diffuses uniformly throughout the
coffee. Water evaporates from ponds to increase the humidity of the passing air stream.
Perfume presents a pleasant fragrance which is imparted throughout the surrounding
atmosphere.

Mass-transfer is the basis for many biological and chemical processes. Biological
processes include the oxygenation of blood and the transport of ions across membranes
within the kidney. Chemical processes include the chemical vapor deposition (CVD) of
silane (SiHi) onto a silicon wafer, the doping of a silicon wafer to form a
semiconducting thin film, the aeration of wastewater, and the purification of ores and
1sotopes. Mass transfer underlies the various chemical separation processes where one
or more components migrate from one phase to the interface between two phases in
contact. For example, in adsorption or crystallization processes, the components remain
at the interface, whereas in gas absorption and liquid-liquid extraction processes, the
components penetrate the interface and then transfer into the bulk of the second phase.

If we consider the lump of sugar added to the cup of black coffee, experience
teaches us that the length of time required to distribute the sugar will depend upon
whether the liquid is quiescent or whether it is mechanically agitated by a spoon. The
mechanism of mass transfer, as we have also observed in heat transfer, depends upon
the dynamics of the system in which it occurs. Mass can be transferred by random
molecular motion in quiescent fluids, or it can be transferred from a surface into a
moving fluid, aided by the dynamic characteristics of the flow. These two distinct
modes of transport, molecular mass transfer and convective mass transfer, are analogous
to conduction heat transfer and convective heat transfer.
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Key to Cheaper, Better Nanotubes
Comes Out in the Wash

Since their discovery 13 years ago, carbon
nanotubes have been nanotechnelogy's
poster child. The tiny straw-shaped mole-
cules are stronger than steel, flexible, and
conductive. Researchers have pitched them
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NIAID Tackles H'.u Genuhe&

Hupmgtuapurthe field of influenzare- .
‘search, the Mational Institute of Allergyand
 Infectious Diseases (NIAID) this week an-
hotnced 2 new flu gename sequencing Fm]‘
ect. The $2-million-plus effort will crank
thruug'h the sequences of thousands of hur ;
‘man and avian influenza viruses and dﬂpnrs}l:

Today, most nanotube makers grow their mi-
nuscule bes with the help of tiny nanosized
catalyst particles that seed the growth of the
tubes inside high-temperature vacuum cham-
bers. The main drawback to this approach is

as the nght stuff for everything from chemi-  that the resulting tubes wind up contaminat- l‘J‘.iEn'I in GenBark, the DMA database. -

cal sensors and drug-delivery agents to wires  ed with catalyst particles, which must then be E-Ei:au.ﬂ! fluviruses constantly mutate.a
for nanoscale computer circuitry and even  removed through chemical reactions. new yﬁmm hﬁwhemgﬁwﬁ ;' '
the building blocks for an elevator extending In recent years, lijima, now at the National ﬂugﬁagﬁﬁﬁaﬁngmn}r IMOre SEqUERCESs on

into space, Their cost, however, is a bit of a  Institute of Advanced Industrial Science and han:[w]llhalp rmar&:,mmqﬂmw}grcut
problem: At 500 per gram, nanotubes are  Technology in Tsukuba, and colleagues have | tain strains mmarehinlmtatﬂ H'I'JPI'.I;I'I?& .

more than 30 times as expensive as gold. But  focused on a simple nanotube manufacmnng ‘l."EEEI'lEEH'Id | drugs, MIAID ul'ﬁualsﬂj.

that price may soon be on its way down. technique called chemical vapor deposition, | - “Theresnotalotof ‘sequence out there in

 the public dnmaln.. says the agency's Maria ©
Gmmm‘ﬁ.eﬁml‘nersxan alsousethedata
to study how readily a human wmw[llm iy
“bine with'an avian flu strain; such _ﬂEﬂ'tE__
- 'H5N1 strain in Asia, and putn‘ntiaﬂﬂmd'l
. off a global pandemic, The pm;e:‘l:—paﬂ:nf a
. broader NIAID microbial sequencing initia- -
tive basad at The Instituts for C-l!m:lmkﬂl!-
- search In Rockville, Maryland—will include
.+ callaborators such as flu expert | Robert Web-
*ster's lab/at 5t. Jude Children's H.EEEI’d’ﬂ'EﬂE'

in which hydrocarbon gases are fed into a
superheated chamber containing nanoparticle
catalysts. Like other groups, lijima and his
colleagues found that after only about
| mimuate of operation, virtually all of the cat-
alysts stopped working. The researchers knew
that the high heat broke apart the hydro-
carbons, creating a vapor of carbon atoms
that link together to form the tubes. The trou-
ble is that the tube must start growing correct-
by from the catalyst right from the start. Yat in

pitalin Memphis, Tennessee.. :
most cases carbon atoms cover the catalyst - In-anpther push to prapare for a Pmdgn
particles with an amorphous coating that pre- |¢_pﬂ[¢mm-, experts, government :nHT:lals.
vents nanotubes from taking shape. - and companies mﬂhﬂﬂ%ﬁ:fﬂ‘zdﬂsat

Other researchers had found that they i the World |
could remove the amorphous carbon simply 1 They called for

gm'emmts"f:urputupmnm.'* (s

by adding pure oxygen. But it works a little j_ ".mnmyqu‘ﬁdwﬂm:m:medmlqpmmh o
too well and quickly oxidizes—or burns—the Jnmm I.':a.mn .mn ﬁam:nm?usn s
growmng nanotubes. “So we figured we need  § g oxmtia

Aquaculture. Mew water-based technique can 3 weak oxidizer that will not damage the car- [HfLISlﬁI"I fﬂl’ ﬂ-u l'F WEF Sudies

grow luxuriant columns made of nanotubes, bon nanotubes,” says Kenji Hata, the physi-
cist who led the current effort. The group de- ;__ ?n;::lrm, qu t:SFI ITLrl W&Tﬁm fh

On page 1362, Japanese researchers  cided w look at water, Hata says, because wa- 0 $15 illion ouerthe et s

report that by simply adding a little water  ter readily reacts with carbon to create carbon GLl.flu'Jarl[lnassas, Mmman: phasﬂeaisdn]n

vapor to a standard nanotube production  monoxide and molecular hydrogen. Hata thﬂmlﬂﬂanll‘u’tmdehe MTm an-

scheme, they've hit upon a new, highly  found that when he tuned his apparatus to add mﬂd an 12 ”MME‘H 'ﬁ:’glh'.l:s 3 “&'fﬁﬂ'

efficient way to grow nanotubes. If the  about 100 parts per million of water to ﬂthj_..fl- . smmendation made by & Vih advisory pand

approach can be scaled up, it conld signifi-
cantly drop the price of nanotubes, opening
the door to new commercial applications.
The team also reports that the technique
makes it straightforward to create
macroscale sheets, pillars, and other shapes
out of nanotubes, which could become the
starting materials for novel types of elec-
tronic devices. “The results are quite
remarkable and will lead to much follow-
up, says Honggie Dai, a chemist and nano-
tube expert at Stanford University.

in 1991, Japanese physicist Sumio [ijima
diseovered that nanotubes had grown on the
cathode of an arc discharge machine used to

ene and other inert carrier zases, the water re-
acted with the amorphous carbon from the
catalyst particles but didn't damage the grow-
ing nanotibes. As a result, virtually all of the
catalyst particles remained active and quickly Binns, found 2 “probable link” betweenthe . vy
produced a forest of nanotubes growing up - Symptoms experienced hyﬂulfWarwt&ms s
from a surface. And because of the high effi- | ‘8ndtoxinsthat affect the nervous system,
ciency of the growth process, the resulting - stich as sarin gas and pesticides. Other com- e ;
crop of nanotubes ends up nearly free of cata. | MMittees, in particular those appointed h}'ﬂ‘E T
lyyst contaminants. ﬂlrfﬂhﬁﬂmiﬂeﬁéﬂe t!'DH}.ha*-'e rerﬂctﬂd :

By starting with catalysts patterned in Ly n hypathesis, Ao g
circles and lines, the rcse:frrhm?s grew both | HElrddSDK._EdltufufﬁlEkmahufﬁlter— TR
pillars and sheets of nanotubes. Becanse ﬁ”ﬂd‘m;:ndam-bﬂﬂf:ﬁm Gd{t *
nanotubes have such unique optical, electri- compmitee, says e rien sailicrsiol] S
51w Ahiersl - s v ; - likely ta settle the issue because resgardiE_I_'_.i i

! R R P o lack good epidemiologic informationen

that examined allrnemarlsmg fromthe i
+ 1980-9' GulfWar (Science, 1 October, aﬁ] .j_ o
: Thepmd,maim:lhyfmmnefemene—; i
- partment officlal and Vietnam veteran James

oy

CREMT: K. HATA FT AL STCMMNCE

make spherical, all-carbon molecules called
fullerenes. The machine, which blasts a tar-

may enable researchers to make devices
such as optical filters and arrays of electron
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fullerenes. T : : _ the battlef'el:l . oJenmien Couziee
get of graphitic carbon with a jolt of electric-  emitters for flat-panel displays, Hata says. i % ? s e e 2 T
ity, turns out a jumble of tubes and soot. —RoserT F. Service
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