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Conoco recently decided to start producing CATAPAL-SB alumina at our 
Lake Charles Chemical Plant. CATAPAL-SB Is the trade name for the high 
purity, high surface area, powdered alumina which is currently being 
produced by Condea, a (Jorman company which is 50 percent owned by 
Conoco. This alumina is produced as a by-product of Conoco's primary 
alcohol ("ALFOL") process. In order to produce this alumina in the 
Lake Charles "ALFOL” Unit, the existing Section 500 which reaccs alk- 
oxlde with sulphuric acid producing alum and alcohols will have to be 
replaced by a new Section 550. Section 550 will react the alkoxide 
with water forming alumina and alcohols. Start-up of section 550 is 
slated for November 1, 1976.

Since this alumina is produced as a by-product, a basis of 240 MM Ib/yr 
of alcohol resulting in approximately 40 million pounds of CATAPAL-SB 
per year was selected. The plant's production should exceed 220 million 
pounds of "ALFOL" alcohols this year.

The value of CATAPAL-SB alumina lies in its very high purity and its 
special physical properties (see Table I). Because of processing steps 
intrinsic to Conoco's primary alcohol process, much lower Iron, sodium, 
and silicon concentration specifications can be met than by conventional 
methods for producing alumina. The low sodium and iron concentrations 
arc particularly important for some catalyst applications.

The unique physical properties of CATAPAL-SB are a result of the one 
particular difference between Conoco's process and other conventional 
processes for alumina catalyst-support production. This difference is 
that the alumina is produced as a fairly dilute wet slurry which is 
spray dried to produce the alumina product. This allows several degrees 
of freedom for varying the physical properties of the final product; 
for Instance, the amount of turbulence In the reactor and.the speed of 
the spray dryer atomizer wheel are two of the most important design 
criterions.

The decision to produce alumina Is based on an expected threefold 
Increase in alumina catalyst-support demand between 1974 end 1985 (from 
71.4 to 210 million pounds per year). This Increased demand is expected 
to arise from four areas:

1. Petroleum refining catalysts
2. Uesid desulfurization catalysts
3. Automobile emission reduction catalysts
4. Coal gasification catalysts

The last two types of catalysts' markets are much more uncertain so 
Conoco management has decided to try to avoid them. Conoco is in the 
process of committing 70-75 percent of the expected alumina production 
by long-term contracts. These contracts are "take-or-pay" type covering 
1977 through 1981.
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I'ABLE I

iWTAPAL-ji B SP EC1FLCATI UNS 

Chumlca1 ComposiLion (Weight Percent)

Al 2O3 70% MLn. - 78% Max.

C 0.5% Max.

SiO? 0.01% Max.

Fe2°3 0.01% Max.

Na20 0.01% Max.

Physical Properties

Particle Size Distribution Smaller Than 45 Microns, 55% Max.

Greater Than 90 Microns, 15% Max.

Bulk Density, Loose 730-810 Grams Per Liter (45-51 Lbs. 
per Cubic Foot)

Pore Volume (0—800A)* 0.4 Milliliters Per Gram Min.

Spec. Surface Area (BET)* 230 Square Meters Per Gram Min. 
(Approximately 25 Football Fields Per 
Pound)

Crystallite Structure Boehmite Type

*After calcination for 3 hours at 900°F
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k'«Llon 550 ot the l.akt* Uhurlcs M\l,Kl)l." Alcohol Unit provides for water 
hydrolysis of so Ivent - f i*i»r aluminum alkoxlde (produced In Section 425) 
with the lormatlon ol alumina and straiglit-chain alcohols containing 
oven ifirDon numbers. High purity alumina, denatured ethanol, and 
solvent-grade butanol are recovered In tills section while C^+ alcohols 
.arc* sent to Section 600 for further processing. Three processing 
systems are contained in Section 550:

A. Hydrolysis-Extraction System
B. Fractionation System
C. Alumina Recovery System

In the hydrolysis-extraction system, stripped aluminum alkoxlde reacts 
with water according to the following equations:

2A1(0R)? + 3H20 - A1203 + 6R0H (1)
(Monoalumlnua Alkoxlde) (Alumina)

A12<0R)40 + 2H20 - A120-j + 4R0H (2)
(Dlaluminum Alkoxlde)

T1(0R)a b 2H20 - Ti02 + 4R0H (3)
(Titanium Alkoxide)

The above reactions are exothermic and carried out at 200°F in the 
presence of excess water. The two products from the reaction are an 
aluraina-wacer slurry and crude alcohols. These are mutually insoluble 
and separate in the hydrolysis reactor. Any Cg+ alcohols contained In 
the alumina-water slurry from the hydrolysis reactor are removed In a 
two-stage countercurrent extraction with butanol.

In the fractionation system, the wet crude alcohol from the hydrolysis 
reactor is sent to a dehydrator tower where the water Is removed. The 
condensed overheads from the dehydrator tower and the butanol stripper 
(In the alumina recovery system) are combined and sent to the dehydrator 
tower overhead accumulator. This combined stream, which consists of 
water, ethanol, and butanol, separates Into two phases in this accumula­
tor. The water phase is combined with makeup condensate and barometric 
condenser blowdown water and recycled to the hydrolysis reactor. The 
alcohol phase is fed to an ethanol tower where a 93 percent ethanol 
product is recovered. The bottoms from the ethanol tower consists of 
water and butanol which is used for extraction In the hydrolysis- 
extraction system.

The water-free crude alcohol from the dehydrator tower is sent to a 
butanol tower where a high purity butanol product is taken overhead.
Host of the butanol product is recycled to the process while the net 
make butanol is sent to the hydrogenation section. The bottoms from 
the butanol tower is transferred to Section 600 for further fractionation.
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In tlu* .iluminn recovery system* the alumina-writer &>lurrv from the 
liy«l 11> I y *; I-s-i'xi rar (. I on aystem Is sont to a butmiol utripper where 
lnij.inol Is snipped I rum the s Lurry with steam* The alcohol-frce 
slurry Is t I ion sont 1.0 a spray dryer lot recovery ol a high purity, 
high surface area powdered alumina* The spray dryer utilizes direct 
hc.itJng with air and flue gases which enter at 1»400°F and exit at 300- 
350e'F. The alumina product (75 percent alumina/25 percent water) from 
the spray dryer is transferred to product storage where it is loaded 
into railcars and trucks for bulk shipment.

DETAILED PROCESS DESCRIPTION

A. Hydrolysis-Extraction System

Stripped aluminum alkoxide is received from Section 425 at 160°F. 
The alkoxide is pumped from intermediate storage tanks FB-506A or 
FB-508, heated to 200°F with steam in EA-S51, and injected into 
the hydrolysis reactor, DC-551, through a small diameter nozzle 
which promotes turbulence. The alkoxide enters the reactor in the 
slurry phase between the two impellers of the reactor mixer. It 
reacts rapidly to form crude "ALFOL" alcohols and hydrated alumina.

The hydrolysis water to the reactor consists of makeup condensate, 
barometric condenser blowdown water, recycle water 1rom the distil- 
l.i»ion system, and ammonium hydroxide solution from the ammonia 
•absorber. Condensate is used as process water to prevent contami­
nation of product alumina with foreign minerals. The hydrolysis 
water is pumped from the hydrolysis water tank, FB-551, to the 
hydrolysis reactor, DC-551, via the steam ring heater, PA-551. In 
this heater, the water temperature is raised to about 170°F by 
direct steam injection.

An ammonia concentration of about 0.15 weight percent is maintained 
in the hydrolysis water. The ammonia prevents formation of emul­
sions In downstream equipment. This concentration is maintained 
by injection of ammonium hydroxide into this stream Intermittently.

A wet butanol stream from the extraction system also enters the 
slurry phase of the reactor to enhance removal of heavier alcohols.

A crude alcohol phase and an alumina-water slurry phase are pro­
duced in the hydrojysis reaction. A nitrogen pressure of 80 psig 
is maintained in the hydrolysis reactor to permit transfer of 
slurry by pressurization rather than pumping. In normal operation, 
most of the crude alcohol is pressured directly from the reactor 
to the dehydrator tower to conserve energy. The remaining alcohol 
is cooled in EA-553 to 175*F and sent to the alcohol surge tank, 
FB-553. Five recycle alcohol streams also flow into this tank:

1. Remelted barometric condenser cooling tower sump scrapings
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> Remelted railcar scrapings

). *6’ tower overheads from Section 600

off-spec, alcohol* from Section 600

5. Skimmed alcohols from hydrolysis water tank, FB-551

These alcohols are pumped from FB-553 to the dehydrator tower 
continuously during normal operation.

The alumina-water slurry phase from the hydrolysis reactor con­
tains dissolved and entrained alcohols. The alcohols must be 
removed and recovered to avoid an unacceptable carbon content In 
the alumina product and avert an alcohol product loss.

A two-stage countercurrent extraction with butanol is used to 
remove the C^+ alcohols from the slurry. The alumina slurry is 
pressured from the hydrolysis reactor, DC-551, to the first stage 
mixing drum, FA-553. Here, contact is made with the butanol phase 
from the second stage phase separator drum, FA-55A. The effluent 
from Che first stage mixer is phase split In the first stage phase 
separator drum, FA-552. The alcohol phase from FA-552 is pumped 
to the hydrolysis reactor.

The alumina slurry from the first stage phase separator is pres­
sured to the second stage mixing drum, FA-551. Here it contacts 
fresh recycle butanol from the recycle butanol tank, FB-552. In 
order to maintain the alumina slurry at 185°F, the recycle butanol 
is preheated to 169®K In EA-552. The alcohol/slurry mixture from 
the second stage mixer is transferred to the second stage phase 
separator, FA-554. The alcohol phase from this separator Is 
pumped to the first stage mixing drum. The slurry is pressured to 
the butanol stripper, DA-554.

Parameters effecting the operation of the reaction-extraction 
system are reaction and extraction temperatures, hydrolysis water 
and recycle butanol flow rates, and ammonia and ethanol concentra­
tion. The most economical operation is at the following conditions:

1. Minimum Hydrolysis Water Flow (or Maximum Slurry Concentration)— 
since the water in the slurry is evaporated during spray 
drying, less water results in less condensate makeup and fuel 
requirements.

2. Minimum Butanol Recycle Flow—since less butanol decreases 
the load on the fractionation system.

Hydrolysis water flow rate should be set to give a butanol stripper 
slurry feed concentration of 9-12 weight percent solids; higher 
solids concentrations can cause slurry transfer problems. Recycle
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butanol Mow rate should he set at the minimum value which con­
sistently gives acceptable extraction. The design hydrolysis 
reaction temperature is 200°F. Higher temperatures will decrease 
alumina product surface area and increase butanol solubility In 
the slurry. The reaction temperature is regulated by adjusting 
hydrolysis water and alkoxide feed temperatures. Temperature of 
the second stage extraction is set based on butanol solubility in 
the slurry and slurry flow characteristics. Emulsions can occur 
in the reaction-extraction system due to ammonia deficiencies or 
excess ethanol concentrations. The ethanol tower removes the net 
make ethanol and is designed to give minimum ethanol recycle.

B. Fractionation System

Crude alcohol containing approximately 11 weight percent water is 
fed to the dehydrator tower, DA-551, directly from the reactor, 
DC-551, and from the alcohol surge tank, FB-553. Before entering 
the tower, the feed is filtered in FD-551 to remove any entrained 
alumina particles and then heated to Its bubble point of 208°F In 
EA-555. The dehydrator removes the water, as a butanol/water 
azeotrope, along with the ethanol and ammonia. High purity 
butanol from the butanol tower Is "refluxed" to the top tray of 
the tower to minimize Cg+ alcohol carryover.

The water-free crude alcohol bottoms from the dehydrator tower is 
fed to the butanol tower, DA-553. A 99+ percent butanol product 
Is distilled overhead in the butanol tower. The butanol tower 
overhead product provides reflux to the dehydrator tower and 
supplements the recycle butanol requirements (to the hydrolysis- 
extraction system). The net make butanol is sent to the hydro­
genation section. The butanol-free tower bottoms is transferred 
to intermediate storage located In Section 600.

The dehydrator tower overhead is condensed, subcooled to 160°F, 
and combined with the butanol stripper overhead (also at 160°F).
The combined stream enters the dehydrator tower overhead accumu­
lator, FA-555, and separates into an alcohol phase and an aqueous 
phase. The aqueous phase is pumped to the steam ring heater, PA- 
551, for recycle to the hydrolysis reactor.

The alcohol phase from the dehydrator tower overhead accumulator 
is fed to the ethanol tower, DA-552. The ethanol tower removes 
the net make ethanol and minimizes ethanol recycle to the hydrolysis- 
extraction system. Low ethanol recycle rates reduce emulsion 
formation in the hydrolysis reactor. The ethanol product is 
removed as an ethanol/water azeotrope (about 93 weight percent 
ethanol) from a sidedraw on tray 11 of the ethanol column. The 
ethanol sidedraw product gravity flows to product storage FB-506C.
The top ten trays of the ethanol tower remove ammonia from the 
ethanol product. The overhead vapor consisting of most of the 
ethanol and water and essentially all of the ammonia is partially
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feed filter, FD-5S2, to the spray dryer, EC-551, using another 
positive displacement pump with a variable—speed drive. The 
slurry enters the spray dryer through a centrifugal wheel atomizer. 
The resulting slurry droplets contact the hot air and flue gases 
from the spray dryer air heater, BA-551. Combined stripper over­
head from Section 425 (liquid fuel) is pumped in from FB-555 to 
fire the heater. The inlet hot air temperature is maintained at 
1,400*F by using excess air supplied by GB-551, the combustion air 
blower. The exhaust gases and alumina leave the spray dryer at 
300-500°F and enter a baghouse, FD-555, which recovers the alumina 
product. The alumina-free exhaust gas is vented to the atmosphere 
from the spray dryer exhaust fan discharge, GB—552.
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ondt'UKCtl In EA-560 And enters the overhead accumulator, FA-558.
The liquid in FA-55B ia returned as reflux to the ethanol tower.
The uncondensed vapor from FA-558 is partially condensed In the 
ethanol tower vent condenser, EA-562, and returned by gravity flow 
to FA-558. The purpose of EA-562 is to minimize ethanol recycled 
to the hydrolysis-extraction system. The uncondensed vapor from 
FA-562 which is mostly ammonia with some ethanol and water, is 
absorbed with service water in the ammonia absorber, DA-555. The 
ammonium hydroxide solution gravity flows from DA-555 to the 
hydrolysis water tank, FB-551. This enables almost all the 
ammonium hydroxide introduced into Che process to be recycled, 
minimizing fresh ammonium hydroxide makeup and pollution problems.

The ethanol tower bottoms is cooled to 150°F In EA-558 and trans­
ferred to the recycle butanol tank, FB-352.

Alumina Recovery System

The alumina slurry from the second stage separator drum, FA-554, 
is pressured directly to the butanol stripper, DA-554. The slurry 
Is fed to the top tray. Live steam, desuperheated in PA-552 to 
process conditions, is used to strip all butanol (as a butanol/ 
water azeotrope) and lighter components from the slurry. A 
cyclone, FA-560, is provided In the butanol stripper overhead 
vapor stream to remove any entrained alumina particles. The 
overhead is condensed and subcooled to 160°F In EA-565 and com­
bined with the dehydrator tower overhead stream (see above).

The alcohol-free slurry is pumped from the butanol stripper using 
a positive displacement pump with a variable-speed drive. This 
slurry first enters EA-566 where it is cooled to 195*F and then it 
flows to the alumina slurry surge tank, FB-554.

The alumina slurry is pumped from FB-554 through the spray dryer 
feed filter, FD-552, to the spray dryer, EC-551, using another 
positive displacement pump with a variable-speed drive. The 
slurry enters the spray dryer through a centrifugal wheel atomizer. 
The resulting slurry droplets contact the hot air and flue gases 
from the spray dryer air heater, BA-551. Combined stripper over­
head from Section 425 (liquid fuel) is pumped in from FB-555 to 
fire the heater. The inlet hot air temperature is maintained at 
1,400°F by using excess air supplied by GB-551, the combustion air 
blower. The exhaust gases and alumina leave the spray dryer at 
300-500°F and enter a baghouse, FD-555, which recovers the alumina 
product. The alumina-free exhaust gas is vented to the atmosphere 
from the spray dryer exhaust fan discharge, GB-552.

SAL
-7-

000010383



The alumina product from Che baghouse is transferred to one of the 
alumina check bins, FB-556A, B, and C (one for each shift). After 
product testing, the alumina is transferred to one of the product 
silos, FB-557A, B, C, and 0. The product is loaded into trucks 
and railcars. Inventories are measured by load cells on the 
silos. An off-specification product silo, FB-558, is also available 
when needed.
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