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PREFACE

Because of the decreasing supply of
high grade ores, & new technique of re-
fining zine is needed which can handle
large throughputs of lower grade ore efe
ficiently.

This investigation is a preliminary
study of the feasibility of using the re-
latively new technique of fluidization of

solids to fill the above need,
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INTRODUCTION

Before an investigation of the use of fluidization for the reduction

of zinc oxide, a brief resume of the present status of the zine industry

is in order,

Zinc metal is marketed in the grades shown in Table I,

eapie 1¢Y)

MARKET GRADES OF ZINC

Per Cent Maximmm

Grades Lead

Special
High Grade 0,007
High Grade 0,070
Intermediate 04200
Brass Special 0,600
Selected 0.800
Prime Western 1,600

Iron

0,005
0,020
0,030
0.030
04040

0,080

Sum of Lead,
Cadmium Iron & Cadmium
04,008 0,010
0,070 04100
04500 04500
0,500 1.000
04750 1,250

The three main uses of zine are in galvenizing, in the mamufacture

of brass, and in the manufacture of zinc oxide, - The zine used in the

menufacture of brass must be of high purity,.

As little as 0,07% lead

or 0,05% iron in the zinc used to alloy with copper for brass will cause

the brass to be brittle and subject to cracking under severe mechanical

treatment, In the present day manufacture of brass only Special High

Grade, end High Grade Zinc are used.



The prices paid for the various grades are listed in Table II,

eaprs 13 (13)(18)

PRICES FOR VARIOUS GRADES OF ZINC

Price per pound Price per pound
Grade 1:1 ;.948 in 1949
High Grade $0.0925 $0,1000
Intermediate 0,0915 0.,0950
Brass Special 0.0890 0.0925
Prime Western 0,0865 0.0900

Though this demand for high purity has provided an incentive for exe
tension of the electrolytic zinc industry, the distillation processes still
are producing the major percentage of the total output of the metal,

In 1946 thirty-nine per cent of the total production of zinc was pro-
duced by electrolytic means, Sixty-one per cent of the total production
was produced by reduction and distillation procasaes.(ls)

Based on the fuel used, the distillation processes may be divided
into two classes, natural gas and coal fired processes, Both classes
have the same general steps of roasting the ore in air, reducing the
roasted ore and distilling the mebtallic zine to separste it from the
gangue.

The ores in the United States are mainly sulfide ores containing '
ebout 3% zinc, These low grade ores are usually concentrated to about
60% zinc before leaving the mine site. This concentrated material is

roasted,



The distillation is carried on in present practice by hand-charging
a one to one weight ratio of coal and roasted ore into refractory retorts.
The retorts are externally heated to the reaction tempersture of approxi-
mately 1150°C, The charge is maintained at this temperature for the rest
of the 24 hour cycle at which most smelters run,

Of each 24 hour cycle approximately 4 to 6 hours are spent in clean-
ing, replacing, and recharging retorts, Another 2 to 4 hours are spent
in bringing the charge up to the reaction temperature, Thus, only two
thirds of each cycle is spent in direct production of zinc,

According to W, R. Inga.lla(T) there is only sbout 70% direct re-
covery of metal in the present process, Another 20% of the metel is rew
covered from the reoxidation products formed in the primary distillation,
Total recovery of the metal present in the ore is them about 90%, J. L.
qur(l) states that the total recovery of metal from the ore in this
country is probably closer to 85%.

Among the sources of loss in the present retorts may be listed abe
sorption of zinc by the retorts and condensers, diffusion of zinc vapor
through the walls of the retorts, and the egress of zinc vapors from the
end of the condensers.

In the electrolytic production of zinc, the ore is roasted in air,
The zinc oxide and zinc sulfate mixture thus formed is leached with dilute
sulfuric acid, This solution is neutralized and filtered to remove other
metals such as iron, entimony, aluminum, copper, and cadmium, This
filtered solution is electrolyzed in wooden tanks using cathodes of pure
aluminum and snodes of lead. The zinc collects at the cathodes and is
stripped off the aluminum, This cathodic zine is melted in reverberatory
furnaces and cast into fifty pound slabs for market,



With this process, one ton of zir;a requires about 3550 kilowatt hours
of energy. The equipment used is expemsive because the materials of cone
struction must be resistent to sulfuric acid, The greatest expense, how-
ever, is the cost of electrical energy,

The main losses in this process occur in the leaching and filtering
cperatim.(l)

Many attempts have been made in the past to reduce zinec oxide with
methane or natural gas,

The use of methame as a reducing agent has several outstanding ade-
ventages over the present use of carbon for the reduction, Among the ad-
vantages may be listed the following items,

On the basis of its reducing power as given by the equation

Zn0 + CHY == Zn + CO + Z2Hgp (1)
AHy zozeg = 105,900 calories per
gram mols of zine
twelve thousand cubic feet of methene will produce one ton of zinc ace
cording to J. L. Bray and others.(?)(7) mme cost of twelve thousand
cubic feet of natural gas is less than the cost of the one ton of coal re-
quired per ton of zine in the present prooess.(?)

As pointed out by He A. Doerner, ?(®) by burning the effluent gases
from a methane reduction reaction, more heat is supplied than is necessary
for the reaction,

In reaction (1) 105,900 calories of heat must be supplied to reduce
one gram mole of zinc oxide with methame at a temperature of 1050°C, How-
ever, the heat of combustion in the gaseous products of the reaction
(CO and Hp) is 183,430 calories., This is more than is required for the
reduction reaction,



G, 0. Mader'®) hes shown that, from & thermodynsmic viewpoint,
methane has several mrlmd adventages over carbon as a reducing agent in
the reduction of zine oxide. In reaction (1) there is a considerable
difference between the heat capacity of the products of the reaction amnd
the reactants, Because of this difference, the heat of the reaction and
the free energy change are sensitive to an increase in temperature, Maier
predicted that it should be possible to carry on the reduction of zine
oxide with methene at temperatures considerably lower than those now used
in the reduction with carbon,

H, A. Doerner(2)(3) 1 ter experimentally verified Maier's predictions
and developed a process using a bed of solids in the reduction of zinec
oxide with methane,

Despite the promise that methane holds as a reducing agent, no come
mercial operation has been successful because of certain practical obsta-
cles,

Included in the difficulties to be surmounted before methane re-
duction can become a commercial success are the following:

There is difficulty encountered in maintaining a gas-tight seal
between a ceramic retort and the source of methane because of the une-
equal thermal expansion., The production per unit of retort volume has
not in the past warranted the expense of an alloy retort.

According to J. L. Bray(”) the entrance to the reaction chamber has
in the past clogged with carbon formed from the decomposition of methane,
Serviecing of these entrance pipes has been difficult,

In the methods utilizing a solids bed of zinec oxide difficulty has
been encountered in maintaining contact between the reducing gas and the



zinc oxide, The beds of zinc oxide have tended to pack in the past and
the reducing gas followed the path of least resistance, This resulted in
inadequate comtact between the reducing gas and the solid,
Another difficulty encountered is the formation of "blue powder”,
Blue powder is a mixture of zinc and zinc oxide,
ssier(8) pointed out that in the two resctions
200 === CO2 + C (2)

G0g + 70 g Zn0d + CO (3)
reaction (2) is known to be slow below 1100°C., but reaction (3) is perw
eeptible above 300°C, and is very rapid above about 550°C,

R, We M122ar{31V(32) 41 r0duced pure zino vepor into pure carbon
monoxide at various percentages of each component and at various tempere
atures between 650°C, and 850°C, He found that in the absence of any
active catalyzing surface the reaction between zine and carbon monoxide
was extremely slow, Millar also found that iron, present as metal or as
impurities in clay, catalyzed the oxidation of zinc at these temperatures,
He also found carbon deposited in the reaction chamber, He concluded
that the reaction which was being catalyzed was reaction (2) above, and
that the carbon dioxide thus formed, oxidized the zinc,

The other substances Millar tested for cabtelytic activity were zinc
oxide, pure molten zinc, aluminum oxide, iren free clay, and silica.
None of these materials showed any catalytic activity.

From the above we may assume that the oxidation of zinc by carbon
monoxide proceeds at such a slow rate below 850°C, that it is of negli-

gible practical importance unless a catalyst is present to promote the



formation of carbon dioxide,

To minimize blue powder formation it is necessary to keep the cone
centration of carbon dioxide and water vapor at a minimum,

Doernsr(s) overcame this difficulty by using a nickel catalyst to
convert the carbon dioxide formed in the reduction to carbon monoxide,
He also used a specially designed condenser to keep down reoxidation

The difficulties of meintaining adequate contact between the ree
dueing gas and the solid can conceivably be overcome by a new technique
known as fluidization of solids.”

Good fluidization will be defined for the purpose of this work as
a well agitated mass of solid particles, which shows no tendency to slug
or chanmnel, and which has little tendency of solids carry-over,

Among the features of a fluidized solids technique may be listed the
following things,

1, Very large throughputs of solid material may be handled in
this way, J. F. Snuggs(la)
tons of catalyst per day has been handled with little trouble

reports that as much as 13,000

in & fluid catalytic cracking unit, Loﬂ(s) et al state that
the ability to handle large amounts of solids with simple
mechanical equipment and small energy requirements is one of
the features of a fluidized solids technique.

*Fluidization of solids is the phenomenon which occurs when a fluid
is passed upward at certain velocities through a bed of solids, The
solids are violently agitated by the stream of fluid and the system of
both solids snd fluid takes on the characteristics of a fluid,
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A very close equalization of temperature is attained throughe
out a fluidized bed, Mickley and Trilling(1®) found in
laboratory size equipment that a longitudinal temperature
traverse extending 35" along a fluidized bed, gave the
following resultss The temperature varied from 225°F, at
the bottom of the bed to 227°F, at the top of the heating
element, From a radial traverse they found that the
temperature did not very except within about 1/8" of the
containing walls in a 3" diameter vessel, There was a
temperature gradient of about 76°F, from the heat input
to the fluidized bed,

Leva(®) ot al found that good temperature equali-
zation is one of the features of fluidized solids beds,
Resction rates in solids-gas reactions are increased be-
cause the violent agitation brings about thorough contact
between unreacted gas and fresh solids. The finer degree
of comminution associated with fluidized solids also ine
oreases the solid surface available,

Coefficients of heat transfer in fluidized beds are con-
siderably increased over those for gases alone at the
same velooity, Mickley and Trilling{1®) found that heat
transfer coefficients varied inversely with particle size
and directly as solid concentration. The coefficient
varied inversly as the mass rate of gas flow, The intro-
duction of particles into a gas stream in the form of a
fluidized bed increased the heat transfer coefficient



from 3 to 70 times ihose expected from the gas alone, The
coefficients found were in the range from 10 BTU/(hr,)
(8q.ft.) (°F,) to 120 BTU/(hr,)(sq.ft.)(°F.).

Both Leval®) et al and Wigton(1®) indicate there is
an increase in heat transfer, when fluid beds are used,
over that expected from the gas alone,

5, Countercurrent flow is not possible with a fluidized bed
because of the execellent mixing, Stages of fluidized
beds may be arranged, however, so that a semiecounter-
current flow is possible,

6, The gas velocities sllowable are a limitation upon the
use of fluidized beds, With high velocities, excessive
carry-over and entrainment of solids result, Slugging,
the phenomenon in which a bubble of gas carries a portion
of the fluidized particles up the vessel and subsequently
drops the particles back, also seems to depend on ve-
locity. Lm(G) et al state that the factors which ine
fluence slugging are the ratio of bed height to diameter
of vessel, particle size, distribution of particle size,
end the difference in density between the fluidizing gas
and the fluidized solid, Levn.(s) snd his co-workers, in
another article, state that chamneling depends on the
moisture in the bed, the diameter of the reactor, the
rate of fluid flow, and the particle diameter,

Considerable difficulty is encountered in using laborastory scale

equipment for fluidization studies. With small diemeter tubes, violent
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slugging is encountered, Bridging of the tubes is also encoumtered at
any change in size or direction of the tubes., Continuous systems of

small size are difficult o maintain in operation because of this plugging
and bridging.

Fluidizaetion studies made in a batch resctor may not accurately pre-
dict the operation of a continuous unit,

There are several possible obsbacles to the use of a fluidized bed
technique for the reduction of zinc oxide with methane,

Foremost among these is the fact that some substances fluidize poorly
if at all, Some substances, which fluidize acceptably at one temperature,
may tend to become sticky or agglomerate at other temperatures and fail to
fluidize,

Another possible difficulty in the application of this technique to
the reduction is that the rate of the reduction reaction may be so slow
that very little reaction cen taeke place in a practicel length of fluidized
bed because of the velocity demanded for fluidigzation, and the resulting
short residence time afforded between solid end gas,

Therefore, the two main questions which this investigation is to
answer aret

l. Can the commerecial zinc oxide sinter be fluidized with methane

or natural gas at the temperatures at which the reduction re-
action takes place?

2. If the sintered material cen be fluidized, is the gas velocity

necessary for fluidization such that sufficient contact time
is afforded for the reduction reaction to take place?
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RAW MATERIALS

The sintered zinec oxide used was obtained from the National Zine
Company, Bartlesville, Oklahoma, It was a sample from the regular
sintered material as charged to the retorts for distillation,

He A, Doerner(3) gives the following sverage malyses for sintered
concentrates obtained from the companies indicated,

TABLE III(S)
ANALYSES OF VARIOUS ZINC OXIDE SINTERS

Sintered Concentrates Calcined Concentrates
American Smelting American Zinc
Constituent _and Refining Co, _and Lead Co. Eagle-Pikgher Co,

Zn 69,10% 70.60% 68,68%
Pb 0.43 0470 1,18
s 0.70 1,00 0.98
Cd 0.01 0.28 0.02
Fe T35 —— 1,97
Cu 0.80 —— 1.07
510y 1.96 ———— 5.60
Ca0 snd Mg0 1.07 0.83 2412

- -
e —

The sintered concentrate from National Zinc Company was analyzed
for zine, The zine content was 67.6%.

The reducing gas used was natural gas from the city gas mains in
Stillwater, Oklahoma. The gas company furnished the following analysis,



TABLE I7

ANALYSTIE OF
STILIWAT

s OHLATOLA

HATURAL GAS FROU

Qonstiﬁuent Telume per centb
CHa, 7645
Collg 17,0
€0z 1.0
Oz 1.3
i) a2

100.0

However, il was known that the gas for Stillwater was drawm from

three sources and that the analysis might vary from time to time,

The combustible carbon te hydrogen ratio, as

analysis, is 1 to 3,80. Analyses wers run on the

glven by the above

gas Lrom the mains

at different times, and it was found that the combustible carbon o

hydrogen rabio calculated from Tthig series of analyses was 1 Yo 3.88,

This is the rabtio used in the calcwlabtions in the

experiment,

12



Sinee 1t was necessary to know if lthe sintored material would bee
come sticky or agglomersbe at the Loapsrsbure of reductioun, a crucible
contalning the sintered mabterial was placed in a furnece, and the benper-
ature was raised to 1800°F, The sanplo was cooled and ingpecbed Lovr
sclomeretion, o tendency to apglomorats was evident. This test was
only censidered indicabive and nol conciusive, sinee the maberial in this
test was open be the stmosphere and the melterisl in the resctor would be
subjoct to a reducing etmosphere. However, from the indieation of me
agglomeration, sxperiments were plannsd to find a perticle size and
fluvidization weloeity rense to be used in the remaining experiments,

The spparstus for this experiment is represented schematically in
Pigure 1, Compressed alr was introduced inbto the bottom of a one inch
dlameter glass tube through suitable throbiling wvalves, The flow rabe
was measured by the pressure drop across a glass caplllary tube, This
device had been previously calibrated, (Calibretion data may be found
in the Appendix.) Previously ground and sieved samples of the sintered
material were inmbroduced imbo the top of the glass tube until the bed
height was six inches., Compressed air was admitbed at the bolttom of the
bed, and the veloeity was adjusted so that good fluidization was achisved,
Various sizes, and rabios of sizes, of particles were studied in this
manner, Huns were nmade ob different gas velocities. The range of vee
locities used was from the velecity which berely supported fluvidization,

to the veloeciby ab which either slugging or entraimment of solids becems

foehts
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oxcessive, o fluidization charecterisbics of the various particle

sizes were sbtudled visually and nobabions as 1o upper and lower limits

of the welocity uwcaeble, solids enbraimment, channeling and slugging were
/

made., '

From this visual study it was detormined that a 11l ratic of the
particles, which passed a Tyler stendard screen with 28 openings per inch,
and which were rebained on a Tyler standard screen with 48 openings per
inchi te the particles, vhich paseed o soreer with 48 openings per inch,

it i

and which were rebained on a seroen with 65 openings per lnch, wos the

size range Yo be used in the reduction cquipment,
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EXPERINENTAL APRARATUS

£ poreelain reacbor wound with Chromel "A™ heabting wire was cole
strucbed, The heabing wire burned out on the first run and cracks de
veloped @t the bond bebwesn The mebal connecticns and the porcelain rew
sctor. Thess cracks were duc to woegual thermal cxpansion, Debails and
draviings of bthis apps.ra[ms ars included in the sppendiz., A discussion
of the failure moy alse be found there.

The next piece of equipment %o be designed and cengtructed is shown
in Pigure 2, This spporabus made use of two reactors, consbructed of 1F
iron pipe, 14 3/4" loupg, The length of the rcactors was limited by the
heated length of the type CTA-2-9 Burrell high btewpersture funaces used
to heat the reactors. It was not presumed that the low carbon steel of
the reactors would withstend the temperabures iavolved for sauy long
period of time, but new rescters could be provided upon failure of the
ones in usece The beblom reachtor was used Ho flvidize the sinbtered
maberial, The top reactor was inbended for fluidizavion of the mickel

atalyst suggested by H, &, Eoernar( %) 4o kecp dowm the concembration of
carbon dioxide. The fluidizing gas for the top {catalyst) reasctor was
to be the effluent gas from the botbom reactor. From this equipment it
was hoped to not only snswer the gquestions originally proposed, bub also
to obtain deta on ecatalyst efficieoncy,

Flow rates were messured by the pressure drop across & glass capile
lary tube. The espillary tube was calibrated in plsce, The instrument

used to measure the pressure drop across the ceplliery wes & differential

manomeber with cerbon tetrachlorido and webter as fluids. Taps were
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provided to memsurc tho pressurs drop across the reaction bed. The
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good fluidizabion was occurring by the pulusting cheracteristics of the

Tomperatures wers measured with Chromeleilumel thermocouples. The

poteationeter used wus a Locds and Vorthrup Company insbrunont. {Caliw

bration dabs and cvrves for these thermocouples moy he found in the fpe

Baged on the resulbs oblalmed using the above described spparatus,
another reactor was coustructed, This apparatus had only one rsactor =snd
wsed only ome furnacs, Since very little reoxidetion ocewrred in the first

run in which po cabalyst was used, the oot

A schemetie diagrom of this eoulprnent is ghown in Figure 3. As nay
o seen the general arrongement of the eguipnent iz the same as in the

first recctor, Ths condenser and zinc colleclor wers greatly reduced in

£

{

size in the new eguipment. The shape of tho sawple boblle was cheuged.

A brass flow rate capillary btube was installed instead of the former zlass

L

one, The reacbor tube was designsd so thab it was sasily replaced upon
feilure.

The sample woblles used in the remaining runs were 600 williliter
separatory fumnels fitted with a owme-hole rubber stopper and & glass
stopcock &t the top end of the furmel. This revision was necessary bew
cause of the inadequate swecpoub of residusl gases encounbered in the
originel semple bobitles, The originel cumes (Figure 2 11) were 800

milliliter Erlemmeyer {lacks fitted with two-hole ruvber shoppers and



or tube was replaced with a new one after the
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AL FROCEDURE

The one run wade in the first equipment was performed in the fol-
lowing manner. Gas was admitbed to the reactors and adjusted to give a
low flow rabte. 4 weighed charge of sintered material was admitted into
the botbon reactor through the slanting tube at the top of this reactor.
This maberial was a 1:1 rabie of + 29 s =283 + 48, «~ 60 particles cizes,
Yo cabtalyst was vsed. The thermocouples were inserted into the reactors
a measured disbauco, The holoes where the thermocouples enbered were
soaled with high temperesbure cement, Thermocouples were iuserted into
the plages provided for them in sach furnacc, Thermomebers were ine
serted in the meber and iné the well Jjust proceding the orifice, The
weber container for the ceé:ling coil had previously been filled. The
furnace tronsiormer was adjusted for the correct voltage aud the switch
was closad, The flow rabe was adjusted to a manomeber differential of
39" or a gas rate-of 5.0 gram moles per hour,

Rewdings of time, btemperabure at orifice, temperature et meber,
meter reading, orifice manometer, pressure drop manomeber, reapcvbor
thermocouples, and the furnace, thermocouple were beken and recorded
at ten minute intervals, The room tempersbture and the barometric pres-
surs were also recorded, Since the pressure in the meober, as neasured
by the mancmeber provided for this purpose, was nil, the uncorrected
barometric pressure was used in the caleulabions,

The condition and color of the flame et lthe exid of the equipment

0

was noved and recorded slso, This £lame chenged nobticesbly in color
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vhen the reaction sterted, The color abt low lemperatures was blue with
an orenge tip indiéating the burning of natural gas. AL around 1300°F,
the color changed bo scoby orange. This was en indication of methane
d;ecox@usi'bien, The flame color began to turn colorless st sbout 1600°F,
This indicated that the reduction reaction was taking prece&ema aver
the methane decomposibion eb this Lomperature, The pump was starbed
when the bed had reached about 1600°F, and the flow valve was adjusted .
to give pgood fluidization. Fluidizabtion was indicated by pulsations in
the pressure drop menometer, At about 1800°F, the pressure drop, as ine
dieabed by the manometer measuring the pressure drop across the reactor,
started decreasing. The veloeiby also started dropping. This indicated
thet somewhere in the equipment the flow was being obstructed, This obe
struction eventually built up so that o manomeber commection was blown
off of the pressure drop mmmomeber. The gas, furnace, and pump were
turned off, Samples of the offluent gas were obtained &b tempeoratures
of 1784°F., and 1815°T,

Then this equipnent was dismentled, it was found thabt the zinc had
condené-eﬂ in the small pipe betwreen the two reactors., This was due to
the unheated space between the furnaces, Although this space was insue
lated with vermiculite, there was sufficient heat loss for the metal beo
condense, This condensed péoduc;t was meinly mebtallic zine with very
little blue powder in evidence.

The natural gas and the samples of the reaction gases were analyzed
using the standard method used with a Buresu of Mines type gas mualyzerfg’}.

From the reduction in wvolume after combustion and the smount of

carbon dioxide formed by cambustion, the carbon to hydrogen ratio of the



gas being analyzed was calculabed.

Trom the carbon bto hydrogen retio of the fuel mnd of the reaction
gas the relative amount of fuel and hydrogen was caleulabted. The amount
of nitrogen was cobbtained by differcnce bebween the emount romeining afber
all absorptions and the amount brought in with the combustion oxyzen.
Prom this the per ceat of nitrogen was calculated. For complets calctie
lations, see the appendiz.

The procedure used in the second equipmernt was essonbially the sane
as the one vsed in the f£irst reactor, The same readings as for the Lirst
run were taken with this apparebus.

The major difference in results obbtoined with this equipnent from
the results obbained in the first equipment was the form of the product
formed, In the new equipment, the zinc vapor was reoxidized far wnore
than in the first roactor,.

Runs at four different onlrance ges rabes were made using this ap-
parabue, Before each run & check calibraliicn was maode of the flow
metering device, This was nocessary since a change of posibion of the
capillery with respect te the pipe would change the calibration of the
device. The possibllity of such a change of position was present since
the reaction tube was dismentled at the completion of each rum,

The four enbrance pas rabes used were 4,1, 4.7, 5.6, and 6.0 gram
moles of gas per hour, 4t the three higher velocities the pressure in
the equipment bullt up wntil the run was stopped. Vhen the eguipment
was dismantled afbteor each vrun this excessive pressurs was discovered o
be caused by blue powder clogging the exit from the zinc coandenser. o

evidence of agglomerabion was discovered, The thermocouple was removed



from the resctor vhile the bed was still ab sbout 1700°F, It was ine
apected for agglomerated meterinl, There was sinbered material stuck to
the thermocouple, bub upon cleser examinetion and measurement of the
length of sipbter formed aleong the thermooouple snd the reactor and cone
denscr, it was delermined thabt the material was not sbuck to the thermo-
couple because of stickinese of the sinter, Wb because sons of the zine
vapor had condensed upon the thermocoupls end the sinbter sbuck to the
flvid zine., It was realized thet this wes only for one ore and that olther
ores conbtaining different emounts of ifmpurities mzyy agslomerabe,

A tabulation of the importent results from the above runs may be

found in Teble V,
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e
Run No, 1 Semple % % % % % % Temp, % %

_ Bottle COz 02 co Nz Fuel Hp at which Converted  Converted

Gas Rate =  yuher Sample (Based on  (Based on

540 go mole Teken °F, yrosm) Carbon)
5 2 0.2 640 11,9 11,2 46,6 25,2 1784 1643 19,0
Reactor I 3 0.9 5.2 12,0 8,4 15,5 21.6 1819 56,5 63,1
Run No, 2 1 =5 1 5ol 9.6 71,5 10.3 1648 649 b |
St Rabs & 2 12 &b 942 10,56 61,9 14,1 1748 10.5 14,4
3 07 246 1540 10,6 53,6 1840 1798 14,9 22,8
5¢5 geo mole 4 2.6 3.7 14,3 13,7  43.6 22.2 1840 20,8 27.8
'&E-_. 5 5 Lia 19.0 5,0 38.4 33,9 1885 21,3 35,0
Reactor Noe 2 6 13 1.4 28,2 6e2 28,7 39.4 1928 41,4 46,1
Run No. 3 1 1.8 5.3 1.6 49,6 42,4 Trace 1645 — 7.0
das Bake = 2 1.8 &2 3.9 43,6 40,2 549 17565 7.0 11,56
it 3 1,6 5.6 4,7 47,5 23,8 16,9 1796 26,7 21,0
. Pﬁ—”" 4 2,1 B0 943 34,1 31,0 17,8 1850 22.4 26.2
. g 5.6 1.2* 18,1 2.7 27.0 28,4 1880 3542 44,6
Reactor Noe 2 6 1.9 3.0 24,2 14,9 15,4 40,8 1895 58,2 63,0
Run Ho, 4 1 L LY 7ol 23,1 54,1 12,5 1649 10,7 13.4
Sis Dile 2 2.2 2.1 10,4 15.8 5049 18,8 1774 16,1 19.9
6 5 ul. 3 Sed 1.8 1205 5.? 58.6 19.0 1824 14.5 21.0
7 Bt 5 2,4 1.6 18,0 14,6 * 35,4 30,1 . 1848™* 31,8 57.3
Reactor No, 2 6 2.7 244 19.3 4.4 35,1 36.2 1870%* 54.8 38,5
Run No, 5 1 1,1 4.8 2,5 83,6 43,6 14.4 1626 22,6 8.7
G.’ thﬂ = 2 1;3 0.,‘ 5.8 55.2 “.0 24.1 1715 22.8 13.4
e o 3 L A3 840 22,8 47.4 18,5 1766 26,1 20,1
o &E__‘. 4 1.4 3.6 6.2 27.9 40.6 19.2 1810 26,7 17.7
. 5 1.9 2.1% 840 34 344 22.1 1881 38.8 28,0
Reactor No, 2 6 3 13 1244 4,0 43,3 373 1943 30.7 24,7

*

**Egtimated from furnace temperatures.

Oxygen analysis in doubt (See discussion of Results)

(Reactor thermocouple burned out)
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PISCUSSION OF RESULTS

The uncerbainby of the pyrometer and thermocouples used in this work
was + B°F, The smollest scale division of the meber was 10°F. Thus,
interpolabion was necessary to read bemperatures suy closer them 10°F,
{Calibration daba moy be found in the Appendiz.)

The meter used to celibrate the flow device was calibrebed with the
use of o stemderd 0.1 cubic faot bottle, (Table ZX, Appendix). Tho corw
rection factor to be applied was found to be 1075 cu, fY. poer 1.0 cu. i
observed, This corroction factor was applied in celoulabing tho vow
locities for the calibration curves of the capillary tubeg,

The capillary tube was calibrabed beforc each run so thet any shift
in relative position between the capillary srd the pipe would be accounted
for, The instrument used to meesure pressure drop across the cepillary
was & differentisl manomeber with water as the light fluid end carben
tetrachloride as the heavy fluide The heights of the liquid irn the nanoe
meter legs could be read aseurately to 0.1 inches, This could be 042
inches when both legs of The mancmeteor are considered. ‘I‘tm tenths of an
inch pressure differential corresponds to two tenths of a grem mols of
gas per hour, Tho wcertainty of the gas rabe measurement was btwo tenths
of & grem mole per hour, %The inherent uncerteinty of the gos analysis
cquipment is ¥ 0.1 milliliter., This is due 4o the smallest division of
the gas measuring buretts being 0,1 milliliter,

The figures used in the 't:ables'and graphs represent the aversge of

check mnalyses,
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It wiil be noticed that oxycen ond nltropsn sppeme in the nnalysis,
If this ropresenbn e residunl sir leli ix the sausling bottleos due o
inscplebo Dlushing, ihe nidrogon Lo ozygen rebio should be Be76 L0 10
Por nops of dhe snelysos doos this ralio bolds Thus, spperesily eithor

the oxypen or mivogen cones from some ooy source or the anslyses gsre

v

in errove The most prdeobly esplonsticn o ¥hls discrepaney 1o that the
oxygen poveenbape is calowlated frou o ansll dllferonee belwwon two larpy

mharse Jof axuploy in faple I, Tam I¥, & soople of BG.05 ml. waw

anslyzod in oon ohogke Afbor ibe COp wes absorbed tho resding was 55,94

ml. wd afior Yo Op was choorbed the resding wrp Bh.40. £ suwsmulebive

A w X

grrov of loss Shum C.00 on bolh of those resdings would wore thun socoupd
sor 4w dispropaney in lhe nitvopen to oxygon ratic in this cosoe Thero

ore severnl exmalyses wialeh moy bo viowed with suspicion desplin the sbove

explonetion, These cuslyses heve beon dosisncted with on asterisk on tho

reaudbs sboot, IL i8 Yo be suspected thal the shsorbing solution for the

ogygon was ozhenstod in theso cases sinece tho allregos to oxgrper ratio is

It will bo moticsd alse that the resulbs for Bun I are ot plotied

Pigore 4. The reason for the ebsence of these resulbts is thot m I wos

ie in o different equipment thon the rest of the rums, snd the snblyticel

procedure weg, ab thot time, wuelicble.

In Pigure 4 tho curve for 4.1 gn. mole/hr velveity hus bosn altered
{dottod linus) cinse the veloolby actually drovped {sec Toble X) while
finidiastion s snained goode *ﬁms,, the oxtremely hdgh convorsion sctually
measured probebly resulisd because of tho large increase in regidonge
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Pigvre 4 indicates thet an incresso in bemperature increases the
per cent conversion st oll velocities investigated, This indicates an
inerease in resction rabe with an increase in temperabure,

Pigure 5 shows thab 'hmre is an opbimmm gas velocity asbove which
the per cent conversion decreases,

This phenomena seems logical upon enelysis of the factors affecting
the per cent of the gas couverted. The per cent of the ges reacted would
incresse with tempersture, It is possible that the per cent of the gas
reacted would create sn inoreased sglbtabion of the fluidized bed, and
thus sn increased surface of solid exposed hto the gas, This incroase in

agitation would probably be more noticeable from low to medium velecities
then Lrom medivm to high veleocities,

There are, then, two possible fachors btending bto increase the per

cent of the gas converted with =0 increase in entramce veloeiby., DBub

&

an increase in enbrance veloeity not only results ir ths shove factors,

e

it also resulbs in & reduced residence time of the ges in the fluidized
bhed,

Considering these three factors, it is logical bthat the per cent of
the gas reacted would increase with an inmcrease in velooiby beceuse of
the first two facbtors. It is slso logicel thot above a certain velocity
the influence of the third faetor would predominate end the per cent of
the gas veacted would decrease with an incresse in velocity.

Caleulations from the dabe obtained indicabe that the cptimum lineayr
velocity is spproximately 0,956 £t./sec.

It will be noblced that both graphs are plotbed with Yper cent of

gas converbed” as the ordinate, This is an indirect indieation of the

smount of zine formed.



From the equation
700 + CHy = Zn 4 CO + 2Hy (1)

it may be seen that one mole of methane gives one mole of carbon monoxide
and two moles of hydrogen. The per cent of CO in any analysis of the efw-
fluent gas divided by the sum of the per cents of umburned fuel and car-
bon monoxide (i.e. the total carbon) would then give the per cent of con=-
version of the gas. However, the above reaction does not give the true
picture of the reduction with natural gas, The natural gas is not pure
methane, Also, in the actual reduction, carbon dioxide and some water
vapor are formed, The conversion of the natural gas then is only an ine
dication of the conversion of the zinc oxide., If the assumption is made
that all combined oxygen that occurs in the gas analysis comes from the
zine oxide, it would be possible to estimate the rate of zinc production
with considerable accuracy. Because some of the impurities present in
the ore occur as oxides, the above assumption is not wvalid,



POTENTIALITIES OF THE PROCESS AND DIRECTION OF FUTURE WORK

In order to get a comparison between the present production from
retort distillation, and the production which might be expected from use
of a fluidized technique the following essumptions and caleulations were
made,

From the work of G. L, Oldrig;ht(ls) an average production figure of
1,63 pounds of zinc per hour per 10 inch retort was celculated, This total
represented production of both blue powder and spelter, The average per
cent of blue powder formed was 7.4%.

With a fluidized bed 10 inches in diamter and two feet deep a 50%
conversion of the gas might be assumed at a gas velocity of 1,0 ft./second,
and a bed temperature of 1900°F,

A gas wvelocity of 1,0 ft,/sec, in this diameber vessel is 1964 cu,
ft./hr. at 1900°F, or 1,134 pound moles of natural ges per hour, With a
50% conversion snd assuming one mole of gas reduces one mole of zinc oxide
04567 pound moles of zinc would be formed per hour, This is 37.2 pounds
of zinc per hour, or 22,8 times as much zinc per hour as Oldright's data
indicates is produced in the retort method,

This increase in production per umit volume of reactor would greatly
reduce the heating expense, The lower temperature of reaction (1900°F,
instead of 2100°F.) would increase furnace life considerably,.

Continuous fluidization would eliminate mmuch labor cost of cleaning,
replacing, and hand charging the retorts,

Based on the reducing power and cost of both coal and natural gas,

natursl gas is by far the more economical reducing agent in regions in



which natursl gas is availsble, ascording to J. L. Bray(l),

The sinter will fluidize in the condition it comes from the roasting
operation, However, the velocities needed may be too high to allow re-
action to take place, The determination of optimum particle sizes is one
of the problems to be solved.

It is possible that an added comminubtion cost will be necessary to
obtain the proper particle size,

The prevention of reoxidation is another problem to be solved,

H, A, Doerner(3) and H, X, Nejarian(1%) both state they have condensed
metallic zine from non-condensable gases with very little formation of
blue powder, Doerner controlled the temperature of condensation care-
fully, but Najarian made use of a liquid zinc bath to keep the condensation
temperature above the melting point of zinec, It may be possible that one
of their methods may be adapted to this use, The product obtained from
runs 2, 3, 4, and 5 contained a high percentage of blue powder, Run 1
contained very little blue powder, The difference between the runs was
that the zinc condensed in a narrower space, and presumably at a higher
temperature in the first equipment themn in the second equipment, The re-
oxidation in the second equipment was probably due to the lower temper-
ature of condensation in these rums.

Raw material characteristics is another direction of investigation
which should be followed, The present investigation was made with only
one sintered material from the Tri-State area, The absence of agglomer-
ating tendencies in this perticular sintered material is not conclusive

one way or another with respect to other ores., An investigation into



the tendency of sinbered meberial from various zinc ores to agglomerate
should be wnade,

As pointed out previcusly, babtch fluidization does not relisbly pre-
dict the operabion of a conbinuous process. Eventually work should be
done to develop a combinuous process if the above invesbtigations chow

that a fluidization process can be commorcially feasible,
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CONCLUSIORS

The following couclusions mey be nade fyom the resulbs cbhained:

e

Gertein commereisl sinbered metevrials conbalning zine oxide

which neburel gas reduces zinc oxide to mehballic zinc,

1,

The velocities ab which good fluidization occurs et the
rescbion temperatures ere such that reaction bebwecn the
natural gas and zinc oxide %o produce meballic zinc cen

telce place with o praectical depth of bed,
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TABLE VI

CALIBRATION DATA™ FOR VISUAL FLUIDIZATION BQUIPMENT

Flow in Vanomoter reading Caleulated Velocity™*
cite The /560, inches of mercury in a 1,125" Diaweter

Tube —= Fh./sec,

0,01208 11,62 1.74
0002094 4,54 1.31
001323 1l.88 1,92
0.01088 6,41 1.57
0.00885 1.82 04,888
0,008656 073 0.528

* Pron Je B. Hocobb's notes.

(2-21-29)

** prea of tube = (1.125/12)%(3,1416)/(8) m
0.00592 sq. ft.

Too/sec, == (cu.fte/s0c,) {1/aren) or
0401205/0,00692 == 174 Pb./scc.
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FAILURE OF FIRST REACTOR

The first reactor that was designed and constructed (Figure A 1)
had a porcelain reaction tube wound with Chromel "A"™ heating wire. The
tube was 30" long and 1" inside diameter. The gas entered at the bottom
through a distributor with 1/16" holes, The gas left the reactor at the
top and entered the tangential feed pipe of a cyclone dust separetor., The
dust separator was also wound with Chromel "A" wire,

The dust free gas passed dowmward through a 48" length of porcelain
tube used for a zine condenser, This condenser terminated in a porcelain
lined steel container to collect the zine,

These were the only items that differed from the second reactor,

The reason for the heating element failure was the complete surround-
ing of the heating wire by material with low thermal conductivity. Thus,
though the bed temperature was only slightly higher than 1000°F,, the
temperature of the wire was sbove the melting temperature of Chromel "A"
wire.

The metal to porcelain bonds developed cracks due to unequal thermal

expansion,
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NOTATION FOR TABLES VII, IX, X, XI, AND XII

9 = Time of Reading in hours and minutes,

T, = Temperature of gas stream at the thermometer just
preceding the orifice, in degrees Fahrenheit.

Tm = Temperature of gas in the meter, in degrees Fahrenheit,
R, = Meter Reading in cubic feet,
liy) = Reading of left leg of Orifice Manometer,
Moy = Reading of right leg of the Orifice Manometer,
lp) = Reading of left leg of Pressure Drop lianometer,
Hpr-Read:lng of right leg of Pressure Drop Manometer,
Tepy = Reading of the thermocouple in the top furnace, in °F,
Te,; = Reading of the thermocouple in the top reactor, in °F,
Tepp = Reading of the thermocouple in the bottom furnace, in °F,
Teps = Reading of the thermocouple in the bottom reactor, in °F,
V¢ = Voltage applied to the top furnace.
Vp = Voltage applied to the bottom furnace,



TABIE VII

DATA SHEET FOR RUN NO, I

42

Weight of ore charged - 12 ounces

Room Temperature = 840,

Barometric Pressure 7365.,5 mm,

-

8130
8:40
8:50
9:00
9110
9:20
9:30

_9:4!3

9350
10:00

10:10
10:12
10:20

10:30
10:40

10:49

10:60
10:52
10:56
11:00
11:05

11:10

To ™a R Mo1 Yor ¥p1 Yor Tegg  Tepy  Tepp Topp
80 86 97,100 15,8 19,7 20,3 19.4 Furnace turned on
80 86 97.892 15.8 19,7 20,3 19,4 668 390 L0 260
80 86 98,500 15.8 19.7 2043 19.4 778 557 544 370
80 86 99,000 16,6 18,9 20,3 . 19,4 860 670 T70 570
80 86 99,510 16.6 18,9 2045 19,2 938 762 868 728
80 86 100,000 16,9 18,6 2045 18.2 1262 1175 1258 1130
80 86 100,344 17.0 1845 20,5 19.2 1238 1130 1372 1290
Flame started "puffing",
80 86 100,656 17,3 18,3 2045 19,2 1632 1448 1503 1444
Pump started, Noticed pulsations in pressure drop menometer.
80 86 101,095 16,3 19.3 2044 19.3 1790 1620 1810 1580
80 86 101,478 16,0 19.4 2045 19.1 1790 1730 1700 1625
Sample Number 1 - taken at 1650° to 16909,
80 86 101,956 16,3 19,2 20,8 19.2 _1830 1760. 1790 1710
pressure drop rose rapidly to 15,6 19,9 2240 177 1830 1760 1780 1695
80 86 o 16,0 19.6 22.1 17.6 1870 1805 1852 1700
Sagple Number 2 - Taken at 1700°F,
80 86 103,810 16.0 19.6 22,1 17.6 18956 1837 ‘1890 1710
80 86 104.680 16,4 19.1 21.8 17.8 1930 1872 1938 17256
Pressure drop started to go down = flame changed color,.
Trouble with 105,291 manome ter 21.2 18.4 1960 1890 1955 1736
(The manometer tend to blow off the commections,)
Semple Number 3 - Taken at 1735°F,
Véry feeble flame (orange) 1735
Even feebler flame (orange) 1735
79 84 105,572 20,7 19.1 e 1915 ———— 1735
One-half inch flame 2044 19.2 2000 1933 2033 1710
Flame so lew it doesn't show over burner,
79 84 105,695 ——— ——— 2043 19,3 2010 1942 2050 1708

Meter stopped - manometer blew commection and blew liquid oute

Turned gas, electricity end pump off.
Meter reading when stopped = 105,700,

Pressure drop seemed about normal when manometer blew out,

42 greams of zinc was recovered,
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TABLE VIII

ORIFICE CALIBRATION FOR RUN I

43

Manometer "
Left ﬁ?gﬁ%

8"0' 27 .O

8.0 27,0

840 270
11.4 24.0
11.4 24,0
3T 2240
13,7 22,0
-16.0 20,0
16,0 20,0
16.9 19,0
16,9 19,0
17.4 1867
17.4 18,7
17,8 18+3
17.8 18.3

Meter Readin Volume Ze moles ge moles/hr*
piff, Tims of Run Tnitial '_F*ﬁa cuefte/min,  per hr, Corrected
_X(1.075)
19,0 1 min,, O sece. 90,400 90,576 0,176 :
19.0 1 nin,, O sec,. 90,800 90.982 0.182 11,9 12.9
19,0 1 min., O seec, 91.300 91,431 0.181 11,9 12.9
12.6 2 min,, O sec, 91.840 92,131 0.146 2.6 10.0
12,6 2 min,, O sec. 92.200 92,346 0.146 9.5 10.0
8.3 1 min,, O sec. 92,600 92.721 04,121 7.89 865
8.3 1 min,, O seoc. 92,800 92,919 0.119 T87 8.5
4,0 X mino. O sec. 93,100 93,181 0.091 5.40 548
4,0 1 min,, O sec, 93,230 934310 0,080 5.39 5.8
2.1 1 mn., O 8€Ce 9"5.430 95.486 000'56 3.62 400
2¢k 1 min., O sec. 93,530 93,887 0.057 3473 4,0
1.3 1 nin,, O sec, 93,640 93,648 0.044 2489 3.1
1.—3 1 Iﬂinb, 0 SBc. 93.710 930754 0.044 2.89 3‘1
0.5 1 min,, O sec, §3,300 93.821 0.021 1,35 1.4
0.5 1 ming, O sec, 93.330 93,880 0,020 1,34 1.4

* From Calibration of Meter, Table XVI

The meter temperature stayed constant at 30°F,
Barometric Pressure = 737 mm or 29,2 inches of mercury,
Temperature of enbtering gas = 32°F,
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MANOMETER DIFFERENTIAL, INCHES OF MERCURY
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TABIE IX
DATA FOR RUN II

- 3 W N Ny M My My Tz Terz W
7:30 83 90 10,700 13,25 16,25 18,9 20.4 Turned furnace on 45
7:40 83 90 11.440 13.30 16,20 19.9 20,4 Changed furnace 60
T24b - - —— - ——— - - 560 370 60

Changed furnace voltage to 80
7350 83 20 12,200 13.25 16,25 19,75 20,60 815 545 80
7356 Changed furnace voltege to 100
8:05 Twrned pump on to maintain pressure 100
8110 Attained fluidization by raising velocity and then lowering
it beck to 13,25 16.25 19.8 205 1400 1240 100
8:156 Changed furnace voltage to 120
8:18 Flame began to turn orange (carbon from methane dissociation)
1660 1410 120
8:23 83 920 14,600 13.25 16,25 19.8 20.5 1770 1550 120
Took sample number I between 1550° and 1570°,
8:28 83 920 15,100 13.25 16.25 19.8 2045 1640 110
Took sample number II between 1640° and 1680°,
8:34 83 90 15,600 13.25 16.25 19.8 2045 1850 1700 110
Took sample number III between 1700° and 1720°.
8:40 83 90 16,380 13.25 16.25 18,8 20,5 1900 1750 110

Took sample number IV between 1750° and 17559,

8:43 Pressure building up - velocity down,

8845 83 20 16,940 13.6 15,75 19.9 20.4 - 1790 110
Took sample number V from 1790° to 1805°.*
Flame became colorless (From 0g).

8:50 83 90 17.260 13.6 15,75 e - 1970 1830 110
Started taking sample number VI at 1830°,

8156 83 90 - 17.600 13.6 15,75 20,00 20,30 2100 1858 110

8258 Flame started to take on orange color,

9:056 83 920 ——— 13.8 15.60 20,00 20440 2190 1858 120
Finished taking sample number VI at 1658°,

9:08 Gas shut off 18,538 13.8 15,60 20,00 20,40 2190 1858 120

Charge = 200 grams of 1:1 28=48 nesh on Tyler Standard Sereen.
g e Fr g s

* Samples V and VI taken while velocity was dropping,

—_— e ———=




TABIE X

DATA FOR RUN III

Charge « 200 g, of 1:l -i%:'fg-msh

Room Temperature - 80°F, Barometer - 743,8 mm Hg
©- To Ta R M1 Yo Mp1 Ypr ) Topp %
23130 76 82 22,934 15.9 18,0 19,90 19,76 Turned furnace on 45
2140 76 82 23,456 15,9 18,0 19,90 19,70 350 152 45
2150 77 83 24,047 15.9 18.0 20,00 19,70 672 362 65

2357 Hoticed leak in meter. : p - _

3:00 77 83 24,572 16,1 17.8 20,00 19,70 1038 742 85

3:04 Painted meter lesk - stopped it, (also change valve)

3:10 77 83 25,592 16.0 18,0 20,25 19,45 1480 1318 110

3:26 Pump started = fluidization barely perceptible -« changed to 115

3:30 77 83 26,198 16,0 18.0 20,20 19.45 1693 1560
Adjusted to good fluidization - took Sample No. I from 1560° to 1570°,

3340 77 83 26,848 15,9 18,25 20,00 19.45 1783 1670 110

Took Sample No, II from 1670° to 1680°,
3:50 {4 84 27 .692 15,96 18,15 20425 19,45 1889 1700 110
Took Sample No, III from 1700° to 1720°,

Took Sample No. IV from 1760° to 1780°, 110
4100 77 84 28,500 16,00 18,00 - —— ——— 1800 115

Pressure drop started to act up at 4:01 1800

Took Sample V at 1800°,*
4:04 77 84 16.25 17,75 20,00 19,30 Flame is colorless
4:09 o 16,25 17,50 —— e 2060 1805 115

4310 77 84 28,867 16.25 17,50 20,00 19,30 2082 1805 116
4114 77 84 28,989 16420 17.30 20.00 19,30 2125 1810 115
4:16 Sample No, VI from 1810° to 1820° - Sample off at 4:16*

4:17 Gas off and switch off at meter reading - 29,049,

Noticed fine blue powder in glass tees of sampling device.

Removed the thermocouple at about 1700°F,

No trouble encountered. Some metallic zinc formed on it, Also some blue=
gray powder and some brown and gray solid matter stuck to the zinc,

Some solid carbon deposited just above the bed height,

20,8 grams of zinc and blue powder was recovered.
*Samples V and VI teken as flow decreases due to pressure built up in equipment
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TABLE XI

DATA FOR RUN IV

'!

28-48

Charge = 200 geo of 13l mesh
Room Temperature - 84°F, 48-64 Berometer - 742,2 mm Hg,
° T Tn Bn Mp1 Yor M1 Mo Tegp Terp %
1:30 82 88 43,300 15.05 19,06 20,0 19,7 furnace turned on 45
1:40 82 88 44,376 15,05 19,06 20.0 19,7 428 222 45
1:50 82 88 45,272 15,06 . 19,05 2040 19,7 842 511 70
Evidence of fluidization.
2:00 82 88 46,153 16,05 19.06 20.1 19,6 1178 861 90
2:10 82 88 47,047 15,06 19,05 20,3 19,3 1522 1238 110
2:20 82 88 47,981 15,05 19,05 20,45 19,25 1718 1461 115
Flame turning orenge - started pump,
Started collecting sample I at 1545° to 1575°,
2:30 83 90 48,918 15,05 19,06 19,20 20,5 1840 1610 115
Flams started to change to colorless - smoky core.
2836 15005 19005 19.30 20.&) - 1670
Took semple II from 1670° to 17109, Pressure fluctuated and good fluidization started,
2:40 83 20 49,980 15,06 19,06 19,30 20,30 - - -
Flame chenging rapidly to colorless,
Took sample III from 1732° to 1748°,
2:45 83 90 50,610 15,05 19,06 19,50 20425
Flame colorless = Took sample V at 1850°,
2360 83 90 50,9356 15,06 19,05 19,60 20.10
Took semple VI 2t 1850° to ===
Something wrong with Reactor Thermocouple - reads 1200°,
2:55 83 90 51,054 15.05 19,05 19,70 20,00 2091 12007
3300 Sample 6 teken off, Meter = 51,137
3:02 Flame absolutely colorless 2170 « still fluidizing
3:04 Fluidization continued and
pressure drop across bed was = - 19,70 20,00

when pressure became great enough te blow manomster connection.

Shut equipment down and removed thermocouple.
No difficulty - no agglomeration - appearance the same
as last time except for burned out place.

I
i




TABIE XII

DATA FOR RUN V

-—
—— -

|II
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Charge « 200 ge of 1l:l 248 mesh
Barometer = 739,88 mm Hg, 48-65 ' Room Temperature - 86°F,
- o Ta . By o Moy 1 pr Togz  Torp %
3:00 82 88 56,100 14,1 20,0 20,0 19,7 furnace on 45
3:10 82 88 56,622 14.1 20,0 2040 19,7 250 230 45
3:20 57 .380 14.1 : 3000 20.1 19.5 405 405 60
Found thermocouple trouble - inserted furnace couple the rest of the way amd corrected.
3330 82 88 59,066 14,1 20.0 2043 19,3 1102 764 920
3333 Pump started.
3:40 82 88 60,234 14,1 2040 20,4 19.2 1244 998 80
3:50 82 20 61.412 14,1 20,0 20455 19,05 1518 1292 110
331563 Adjusted to fluidize « then back to 14,1 and 20,0
Pressure drop read 20,25 19,45 (Orange flame)
4:00 82 90 62,678 14,1 20,0 20,25 19.45 1658 1470 110 -
4:06 63,448 14,1 20,0 20,25 19,46 1530 1l0
Took Sample I from 1530° to 1550° F,
4:09 84 90 63,752 14.1 200 20425 19,45 - - -
4110 84 90 64,118 14,1 20,0 20,25 19,45 1762 1592 110
4:13 Fluidizing fairly well - (Sample II from 1618° to 1642° F,)
4:15 84 98 64,728 (Sample III from 1678° to 1682° F,)
4:18 - - 65,500
4:22 - - 65,800 Sample IV from 1708° to 1740° F,
to 66,044
The pressure drop and orifice readings remained censtant
for all the above at 14,1 2060 20425 19,45
4:25 84 90 66,412 14,1 2040 20425 19,45 1911 1761 110
66,950 Mlﬁ V from 1780° to 1800° F,
to 67,200
4330 Flame color finally changing from orange to colorless 120
67,900  Sample VI from 18550 to 1860° F,
Pressure building up velocity down.
Furnace 2055
43239 Orifice manometer blew out,
4341 Switch off - gas off « pump off.

—

Took thermocouple out of reactor at 4:42, temperature = 1878°%

No trouble with agglomeration, Appearance similar to Runs IV and III,




TABLE XITI

TYPICAL AMALYBIS OF NATURAL GAS

1.
2

Se

4

5

6.

1.

Ze

Tolume
Volume
Volume

Volume

Volume
Vo lume

Volume

(a)
(b)
()
(a)
(v)
(c)

Volume
Volume
Volume
Yolume
Voluue

T

volume

after COp absorbed

after Op absorbed =

after

after

after

after

alter

after

Volume after CO

February 19, 1949

Analysis

of Sample = = = = o= = =

I
¥

after CO gbsorbed = « =

Combustion
Of Sample = « = = = = =

after Combustion = - =

GOz absorbed =
COo absorbed -
009 absorbed -

09 absorbed

]

Oz absorbed

%

0z absorbed

absorbed = =

Analysis of Oxygen

Volume of oxygen sample w = =

Voluma after Op absorbed = = =

08430 ml,
084,20 ml,
97 o 40 ml,

7.2 ml,

85,60 ml,
31. 20 Iﬂlo
54,50 ml,

227 ml,

22,6 ml,
22.6 ml.
14,3 ml.
13.9 ml,
13,9 mle
13.9 ml.

42,70 ml.

4480 ml,
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CALOULATIONS TOR ATTALYSTS (F NATUBAL GAS
Volume of Sample = 98430 nl.
Volumo after CO0s absorbed = 88,20 ml.

98.30 - 98.20 = O.lO I‘,ﬂ-a 502

0010 _ = 0,1 % cop

o o
08,30

Volume after $0p absorbed = 98420 ml.
Volume alfter Qs ebsorbed = 97,40 ml,

98,20 = 07440 = 0,50 ul, Oy

O 80 . o
—-—:—s-‘u = 818 7o O
g0 - %

Volume albor Op ebsorbed = 97,40 ml.
Volume after CO absorbed = 97,20 ml.
0620 11le GO indicatbed

(It is imprebable theb any €0 is present. The solubtion
used to absorb G0 also absorbs obher gases, notably
oxygen, However, the calculation is listed,)

<

e = 0.2 % 00

ol

COMBUSTION CALCULATIONS

Volume of Op used = 85,60 ml,
Volume of Sample used = 31,80 ml.

Total volune =117e10 mle
VYolume after combustlion = 54,50 nl,

117,10 « 54,580 = 82,80 ml, reduection in volume

Volume after combustion =
Volume after 02 gbsorbed

54,80 ml.
= 22,60 ml.

54450 = 22,60 = 31,9 ml., GOz formed in combustion

If we sbort with ¥ ml. of gas whose carbon to hydrogen molal

rabio is lixz, wo may represent the fuel by a {ormulas of Ty
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his fuel will burn according bo the lollowing equation, if
burned complebely,

(v) oR, +# Y (1 4.@ 09 e Y’C{)2+Y§_H20
The volume bofeore combustion is:
T+Y(1+F)orY (2423
The volume after combustlon snd alter the water iz condensed
is Y {representing the CO02).
Thus the reduction in volume is:
Y(Z*%)E-Y or Y’(l-l-.g}
The volume of COp formed is Y.
From the preceding calculations for this particular anelysis:
The reduction in volume = 62,60 ml,
62,60 = T (1 + )
The volume of COp formed is 31.90 ml.
Y = 31.90 ml,

So1
62.60 = 31,90 (1 + X)

Solving the asbove equaticn:
x = 3.820
Note: Trom the five analysis of natural gas made, the average

carbon to hydrogen ratio may be represented by the
empirical formulas CH3 88



TABLE XIV

TYPICAL ANALYSIS OF BEACTICH GAS

$E

<
]

Sample Bottle Hoe 4, Bum 2,

hnalysis

ls Volume of Sample w = = = v = o« «
2 (a) YVolume efter COp absorbed
(b) Volume efter COs absorbed = «
{c) Volume after COs sbsorbed

t
[}
¥

5 {a) Volume after O absorbed o = «
(b} Volume after 02 absorbed e = =

2 (a) TVolume afber C0 sbsorbed - = =
{(b) Volume afber CO absorbed - -

} Volume after €O absorbed

} Volume after O absorbed = -
3} Volume alfter CO absorbed w
)

)

i
i
1§ & 1

5

Volume after €0 absorbed = =
Volume afber G0 absorbed w e

¥

Combugtion

le Volume of OXYZER = o = = = o o= w w
2¢ Volume of sample = = v v @ « = w
3e Volume affer combustion « =« =« « =

4 (a) Volume after C0s absorbed = = -
{b) Volume after CO2 absorbed = - -
5 {a) Volume after 0 mbsorbed = o -

(b) Volume after Og absorbed
G Volume after €0 gbhsorbed = = -

§
i
¥

]
H
£

Analysis of Oxygen
From previous analysis)
r ¥

1, Volume of oxygen sample e = ~

2e Volume of COp absorbed = = o = = =
3¢ Volume after combustion - =« = « =
4 {8) Volume afier Oy absorbed = - -

{b) Volume after Op ebsorbed o = «

¥

{2 T S I B A |

43.94
42,89
42480
42478
41,18
41,16
38468
3762
35,92
35419
35,00
34492
34490

59437
34,90
42,00
22436
22,86
17.28
17424
17.16

46430
46,00
464,00
10,60
10,80

mle
ml .,
mle
1l e
mi,
ml .
nl.
ml,
ml,
mi,
ml,
ml,
mle

mle

ml ¢
mi,
:ml.
mle
ml,
nle
ml,

mle
mis
Tﬂlo
ml,.
ml,




CALCULATIONS POR ANALYSIS OF BEACTION GASHES
{Reference Table XIV)

Volume of Sample = 45,94 nl,
Volume after €0g absorbed = 42.78
” 1,16 ml. CO2
Volume afber Op absorbed = 41,16
Volume after CO absorbed = 34,90

Ge20 Tile CO

COMBUSTION CALCULATICHS

Yolume of 02 used = 59,37 nl.
Volume of Sample = 34,90 ml,
Combined Volume = 04,27 ml.
Volume after Combushbicn = 42,00 mi,
Reducbtion in Volumse = 52,27 ml.
Volume after G0 ebsorbed = 22,86 mi,
Volume CDs formed = 19,14 mi.
Volune after Oz absorbed = 17.24 ml,
Bxcess Og = Se62 ml,
Volune after G0 gbsorbed = 17,18 nl,
Volume GO formed = 0,08 wl,

ARALYSIS OF OXYGER

Volume of oxygen sample = 46,30 ml.
Volume of residual lis = 10,60 ml,

% Witrogen = .50 = 22,90 % Hp

To solve for ‘the curbon o hydrogen ratio:

Assume ‘theb for cach Y mole of fuel (Gﬂs 88)’ there are X moles
of hydrogen. *

The complete combustion of the above mixture may be represented
by the following eguationst

3488Y
4

2

or ¥ OHg gg + X Hp + (L.97Y + 0.5X)02 =g ¥COp + (1.94Y + X)H0



e
¢n

The volume before combustlion is:
Y + 1.97Y + X + 0,6K or 297 & 1,5%
The volume aftor combusticu snd condsnsation is:
T (for G0g)e
The reduction in volume iss
2,97 + 148 » ¥ or 1,977 + 1,5%,
The volume of §0p formed is Y,
From the enalysis of gas
Reduction in volume = 52,87 ml,
Volume COp formed = 18,14 ml. =7Y
Using these values in the above expression:
1.97(19.14) + 1,5% = 52,27 ul,
Solving for X:

52427 = 57,70 _ 14457

i o=
1.5 1.5

= 9,72 ml,

The volume of fuel is then the seme as the volume of GOp formed.

Volume of fuel = 19,14 ml,
¥olume of hydrogen = 9,72 ml,

The remsining volume is nitrogen = 43,94 = 37.90 or 6.04,

Complete anaelysis:

1,16
(HE P = = 2eb %
%2 715,08 #
1.62 . g
= = BT %
02 45.9‘3: ot
o =-228 . 1434
43,94
3 e 6.04'-' ool
1&2 = 43.94. = 13.[ 70
Fuol = 19:21% = 43,6 %
43.94
Hz - 9.73 . 22.2 %
| 23,94 | ———in

100.,0 %



Solving for Per Cent Couversion:

Total carbon per 100 moles gas.
COg # CO + fuel = Total

2454 4 14,28 + 43,60 = 60,42

Carbon in Heaetion Products = 2.54 # 14,28 = 16,82

16,82

Per Cent Conversion g -
60,42

x 100 = 27.8 %
Total Hydrogen present:
(3.88)(43,60) + 2(22,16) = 213,32

Hydrogen reaction product = 44,32

. 44,32
Per Cent Conversion = A
er Ce on io BRI

56
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TABLE XV

GOOLIEG CURVE DATA

lelting Point of Lead = 621°F, Hoskins Pyrometer . Type &H
Ce Py Load Used Reads in Millivolts amd °TF,
ChromeleAlumel Couple o, 1 Chromel~Alumel Couple No, 2
Reading  Time  Fallie = °Fe Reading  Time  [Allie  "Fe
SeC. volts ) Secs volﬁs
i o 15,0 730 1 0 18.7 678
2 30 14,3 700 & 30 13.6 665
& €0 1367 675 3 60 13.0 650
4 90 13.5 860 & 90 12,7 630
5 120 12.8 G40 5 120 12.6 625
5 150 12.7 630 8 180 12.5 620
7 180 12.6 628 7 180 12,4 615
8 210 12,6 626 8 210 12.4 615
9 240 12.6 625 @ 240 12.4 615
10 270 12,4 Gl5 10 a70 12.4 615
11 S00 12.0 595 11 300 12,0 600
12 330 1leé 576 12 330 1.4 575
i3 360 1i.0 550 13 363 1.0 550
14 390 10,7 528 14 380 10.7 525




TEMPERATURE IN DEGREES F,
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Meber = = = = American lMeber Compeny, Serial Ho. 1010

Standard 0.1 cu.ft, botlle = « American NMeber Company
Serial HWo, 119

Temperaturs of Gés 17 Hobey w w w s w o w = = = TO0°F, .
Temporsture of Botlle = = = = w = = = o w = = « 79°F,
Gas Pressure in Heter = = = « = » less than 1/8% Hs0

Initial lebor Reading e = o s o o = o = = =« 8,000
Finel Meter Heading w « = « « = w » o = « = « (8,095

Revoluwbions per G.l cu.ft, S o e 0.93

]
t
¥

Fal N L by N I%.S e 3, ]
Correcticn Facbor = 1,075 cue {he/l cu, £L. obsorved
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