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. T.0.: Fardenindustiie plent.at. Mm visited on several
bctvna J’\ny 18 and Jnly 27, 1046, to ‘study the methenol plant .
and- obtsl n' 8l necessary information, . -

nl. the p@oun whyod at Oppsu for the oynthuh
of nothanol. 1- similar to that used in the United States.  However, «rnin
process and design- Zeatures mmrporutea in this plant, and izmprovements -
made in newer plants duilt elsewhsrs in Germsny dy I.G. hrbonindnstuo.
are considered to de of particular intornt. S

'mm.m_mmz

Bynthetic nethanol prod.uction Fas been mvostigatod at Oppan
only. Infomtion on other, more recently bduilt methanol plants, was
. obtained from :I.nterrogated personnel vho have been connected with other
- installations. The reader-is reforred -to Appendix 2 for a list of previous
reports on this su:bject. .



TARR I_- METHANOL SYWTHESIS SYSTRN
" Qenaxals

The methanol production techniquo at Oppau is dased on exporicnce
sained in the manufacture of amnonia and isodbutyl alcohol. The first

1sobutyl unit at Oppau vas attached to the ammonis plant, use being uae
of certain amsonia plant squipment and building facilities, - -

Kathanol, which is used at Oppau for the production of
formaldshyde, was formerly received from the I.G. Plant at Leuna. later,
as the demand for formaldehyde incressed, a now isobutyl plant was _
constructed at Oppau and the isobutyl plant, connected with the ammonia
plant, was converted to methanol production,

At present there ars two complete methanol synthesis loops in

operation at the ammonia plant, each having a capacity of 90 to 100 tons
per day, and the new 1eobuty1 pl.ant is shut down because of an insufficient

supply of gas.

According to the interrogated personnel the modern methanol v
plants built elsewhere in Germany ty 1.G. Farbenindustrie are very similar
in construction and layout to the new isobutyl plant at Oppan. However,

a different catalyst is used and the space velocity for methanol eyntheeis
is about 3 times that for isobutyl synthesis. v _

Methanol is produced, from hydrogen a.nd cerben monoxide, in the
presence of 'a suitable catalyst according to tl;e following reaction: - -
.~ 2Hz+ CO—p CH0H o ' -

The following mdssirable side raaction. giving small amorunts of
dimthyl ether alao takes place.

2 cxaon--y '('cﬁg)zo + B0

. If the temperature of the catalyst is a.llowed to rise e.'bove a'bout
400°G ‘the following highly exothermic reaction takes place \dth further .
1ncreaee :ln temperature. )

.o +31{2—9 CHg + Hz0—

* The raw material ueed for methanol synthesis at Oppau :le & Water
-gas of approximately the" following composition. o :

52, 5% xz. 1% co, 5% 003, and 1. 5% N, §




Oulfur is roemoved from this gas Dy passing it through aotivated cardon at
low prossuro. A portion of the gas is sont through a low pressure CO
oonversion system'to adjust the ratio of Hz to 00 to the proper proportion
and the ocombined gas is then compressed to 25 to 37 atm., and scrudded
vith vater for the removal of CO,. Thisis followed by a final compression
to about 260 atm. aftor which it is sent to the synthesis system as fresh
 maloe-up cu .

.Mg. 1 gives the flov diagram of a methanol synthesis loop.
Although thn equipment is generally designed for a maximum pressure of
326 atm., the usual operating pressure at. .Oppau 18 350 to 260 atm,

The fresh’ make up gas ha.s the following approximate composition:

630$K K '
29.0% Co Batio'é% = 2.2 to 2.4

g i; €02 Maximum sulfur content, 1 to 2 mg/cu.m. of gas’
0.2% 034

This gas 1s passed through a vessel containing activated carbon which
removes catalyst poisons such as carbon.oxysulfide and iron carbonyl. The
removal of these impurities takes place at room temperature, and it is
necessary to inject into the gas stream about 0.5 gm. of ammonia per .

1 cu.m. of gas, as well as oxygen .in slightly over the stoichiometric amount
for oxidizing the sulfur contained in the gas. - The purified gas 1is -
1ntrodnced into "the synthesis loop at the suoti.on eide of the circulator.

‘ Starting at this point the flow of gas is as follows: The gas

lea.ving the circulator passes through an oil trap, where. lubricating oil

-1s removed; and is then conducted. to the interchanger.‘ In this vessel the
gds 18 heated by the gas. leaving the converter and, after passing through
the .starting heater, enters the converter. A portion of the cold gas
by-passes the interchanger and is injected between the' ca.talyst ‘beds in

the converter .for temperature' control. The gas’ lea.v:lng the converter passes '
through the :l.nterchanger where 1t is cooled by the incoming gas and. then goes.
.to a double pipe water cooler in which the product is- condensed; The
" product.ls removed from.the gas stream in the prod.uct separator following

the water cooler and. the non-condensed gases are. returned to ‘the -suction

of ithe circulator. . ‘A constant bleed is maintsined after the' product
eeparator to control 1nert ga.'s concentra.tion 1n the loop.

L w_ond.ensate ‘removed from the prod:u.ct separa,tor conta.ining
j:methanol water,’ dimethylether, higher .aleohols -and’ 1mpur1t:les is known
L‘.jas_z" rew_ methe ;ol" is_sent_to_the_distillauon—system.—




Desorintion of Equinment.
A One coiphh synthesis loop consists of the folloving cqn;p-ontt

2 Activated carbon vessels - suitable for either 2 or 3 synthesis loops. One
18 operated and one is spare. These vessels are vertical tovers £00 =n.
I.D. x 8 =n. high and each contains Y4 meters of sotivated cardon (M
Xhole) packing. ~The packing 1& 7 to 10 mm. in size. ~See section on
catalyst for pﬂpu’ation of nounud cardon. )

1 Circulator - At Oppm several of the 014 vertical-typs steam driven
oirculators, originally installed for ammonia production, are used.
The new plants are equipped with more modern machines. For instance,
at the Waldendurg plant where 3 methanol loops were erected for a total
production of 300 tons per day, 3 electrically driven circulators each
having a capacity of 100,000 to 110,000 cu. m. per hr, NIP, were
installed. They are constant speed units and operate at 122 R.P.N.

1 011 Trap - Oppau uses standard vertical cylindrical veuels. The newer
methanol plants are using cylindrical vessels €00 mm. I.D. x 6 m. long,
installed at a small angle from the horizontal in order to provide a
. large disengaging surface. '

1l Product se'parator ~ Oppau uses standa.rd vertical cylindrical vessels.
' Newer plants have inclined vessels, sinnar to the oil traps, and are
800 mm. I.D. x 6 m. long. ‘

1 Water cooler - ‘Horizontal double~pipe unit consists.ng of 4 rows in parallel,
10 pipes high. The inside pipes, 45 mm, I.D. x € m. long, carry the '
"high pressure gas while water is circulated comter-currently in the

. outside pipes which have an I.D. of 120 mm.' The total surface of 1
unit ic approximately 260 sq. m. The inside pipes are made of N5 steel

-~ (3% Or, 0.25% Mo, 0.1 C). It was found that severe corrosion took.
.pla.ee ‘at the inlets to the cooler and pieces avproximately L ft. long
of NB steel (3% Cr, 0.5% Mo, 0.5 Wo) were welded to the 55 pipes at .
the 1n1et ends. ~- . .

Y Intercha.nger - (Fig.a) This unit is of the shell and tube. type The shell
.-1s-a ‘steel forging made of $2 carbon steel (Siemens Martin steel with’

- -0.2%°C, having U0 to U5 Kg/sq. mm. tensil strength and 26% elongation).
800 mi. I.D.-x 12°N. 1o - It has 8 10 mm. thick 1liner of. 85 :
(3% Cr, 0.25% Mo, 0.1% C).or N8 (3%-Cr, 0.5% Mo, 0.5% Wo) special ‘steel
protected by a 2 mm. thick brass (63% Cu, 37% Zn) liner. The two’ heads

..are also protected with 2. mm: thiclc brass. plates. ' The . tube btmdle -
“consists of 757 copper ma.nganese alloy(Gu *-1, 5% Mn) tn‘bes. ‘€ mm’, . I n._ E
x 14 m..O D. x 10.3Y4 m. ‘long, rolled and ailver ‘soldered ‘into’ ‘copper : ’
manganese “tube- ‘sheets. The ‘total surface is 265" 8q. ‘m. There ‘are: 57

_baffles each: with circular—hﬁes*‘ji-mrﬂirgiving*a*tatﬂ*g
“area of. 285. sq. ‘em. ' The. tube bundle’is. surrounded by a’
*copper manganese plate on the: outside of wh:l.ch a: 125 mm‘ hick

Yo



kieselguhr drick lining is inatalled, held in place by a 3 mm, thick
drass shell., The tude bdundle has funnel-shaped heads at each end
mede of copper manganess, tho lover funnel being dolted to the dotiom
head of the vesgel vhile the upper funnel is provided with s stuffing
box which permits the tube bdundle to expand, To prevent gas from
dy-passing the tude bundle, B asdestos packing rings are provided
o.long 1ts lonsth as von as ltutnnc boxu ;t ea,ch ond.

1 Oomrertor - (Fig. 3). The shell is a steol forging 800 mn, .D. x 12 m,
long. The inside linings of the converter, similar to those of the -
interchanger, are indicated on Fig. 4. Yor installing the 10 =m,
thick special steel liner the forging is heated with steam to a
temperature of 250°C. and then the liner is inserted. The method used
for inserting the 2 mm, thick drass liner is indicated on Fig. 4. The
bulged portion of the liner is pressed against the shell with a jack
and the whole liner is then hammered.

The present methanol converters in use at Oppau have old type cataliyst
baskets., Gas, is introduced into the bottom of the converter and rises
through a central tube in which a heating element is inserted, The
gas then flows downward through the basket, which is completely filled
with catalyst. Inserted into the catalyst mass are five equally
spaced perforated pipe rings, made of N8 or copper manganese alloy,

- through which cooling gas is introduced. This converter is charged
'with approximately 2.6 to 2.7 cu. m. of catalyst, having a specific
gravity of 1.4 to 1.5, and ig said to have a capacity of 90 to 100
tons per day at 260 atm. pressure. . .
vil.’he newer type- converters. such as were inetalled in the Hyde'breck )
-plant, have 6 catalyst beds. The cooling gas is introduced under each
.of the five top beds, the genera.l arrapgement being indicated on
Fig. 4. The catalyst grate is made of N8 steel and is.covered with a
copper manganese screen, having 3 mm. openings, on which the catalyst
rests. Four 3 point thermocouple leads are installed for measuring-
the temperatures in the converter., Thie type converter is charged with
approximately 3 cu. m. of catalyst having a specific gravity of 1.4
to 1.5 and is said to have a normal capacity of 110 tons of raw
methanol -per day with a possible maximum of 150 tons per. day at 300
atm. pressure. ,

Miscellaneous. In the more: recent 1nstallations the starting hea.ter is in
. separate -vessel as 4indicated on Fig.’ 1.' The heating element consists
" of 40 ‘mm; wide x 7 mm. thick copper. bands wound -around porcelain '
‘insulated: pipes., Transfomers for ‘the. starting heaters can be.
regulated{ to. furnish from 80 to 400 KVA at 16 to 20 volts. &

N In recently built plants the shells of the high pressure vesaels ‘are
. 0F: the: wrapped or: wound i constmction~a.s descri—bed—by—Nnrman“W—Kraseﬂn
FIAT Final Report No. 611 da.ted. I)ecem'ber 12, -1945 entltled" : '




“Dosign end. construotion of high preseure coqmnore and reaction
equipment®, When dullt in this manncr the special steol nnr is 235
mn, thick and serves as & mandrel for the wludtnce.

Piping in the eynthnh loop, carrying hot gascs, h~mdn»of Ne eteel

Another interesting feature in the newor plants is the provision made
“for the expansion of the Interconnssting hot piping. Both-the inters--
‘changer and the starting heater are supported by 10 cm, diameter rolls
and can move as the hot piping interconnecting them expands. This
arrangemsnt obviates the necessity of long expansion dends.

Oporating Data. Yields and Utilities.
" a. OQperating Conditions
.A typloal analyeie of gas at the inlet of the converter is as
follows: 18.4% C0, 67.2% Hp 0.6% CHy and 13.1% inert gases.
Plant experience has ind.i.cated tha.t tge percent CO in the gas entering the

converters must be less than 20% in order to prevent the formation of
appreciable quantities of higher alcohols. ) -
The maximum operating temperature in the catalyet bed is batween

360 and 390°C. The normal pressure drop across the convarter vith-a new
catalyet charge 1s 12 to 14 atm. After about 6 months of operation this.
pressure drop increases to about 20 atm, It was pointe=d out by the operating
personnel that it is very important to maintain a constant pressure drop
across the: converter, as a sudden variation of even e few atmospheres ‘
increases the amount of undesirable components in the raw methanol. . As the
catalyst gets older in order to maintain-& desired production rate, the
,preeeure drop is increased very gradually by regulating the by—pe.ss valve
-across the .circulator.: _ -

: ‘ I'he raw methanol 1eaving the synthesis loep bas the “ollowing -
‘approximate composition: 1 to 2% (CHz)20, 6 to 8% En0, 90% CHzOH and O, 8-
$0 1.0% higher alcohols and ketones. . The following information on the -
composition and properties of raw methanol was o'btained from operating éata .
for ‘the Waldenburg pla-nt. _ L L

ADpPeaTANCE .......eviieiniinien. .».,.clea.r and colorless
Specific weight at 2o°c ..,;;T;.i... 0.821 - ..o

Water per-cemt (..o lo.. e eeis 10 50718 R
Dimethylether ........;;;,,;;.;.;;...10 to 12 c.c. /soo ‘c.c.

Free.acld svvivenidas Ve e e w e
- -Seponification number..» ‘
o Bromine number e

Wi e

N . ——Accor&ing—tro——the—operaters—the—br . g anol
R ehould be ae low as poseihle. A high number 1ndica.tee the presence‘



of unsaturated alcohols snd ketones. The upper limit is from 5 to 7. Good
quality produot should have 3 and exocellent product 1. .

Y mnn_mnmm B

Approxisately 3000 ou. m. of fresh feed are roquirod per ton of
rav methanol. Ths oirculation rate is adout £ times the make-up or
spproximately-100,000-cn.-».- per-honr.--The-average-dleed . from.a loop is-
about 158 of the fresh feed or 450 cu. m. per ton of rav methanol.

c. Produotion capacity and yields.

A synthesis loop as desorided above, with the new type converter,
is said to have a normal capacity of 110 tons of raw methanol per day. The
conversion per pass is between 12 and 16% of the smount of CO ted to the
converter. The yield of methanol contained in the raw product based on the
CO fed into the system is approximately 72%. This yield based on the Hp
fed into the system is spproximately 62%. : -

d. Utilities.

It is estimated that, under normal operating conditions one
methanol synthesis loop as installed. at Oppan, producing 100 tons of raw
methanol per day, requires the following utilities per ton of raw methanol:

Electricity eseceserserssssssscssansacesse 2D kwh.

StBAM ...ccicececrcrscvscscsacnsassessesears 0.3 tons
Cooling water - ceisesseccscsassccnscsasssss 130 cu. m.

Operatingle.oor ..... l5hma.nhours

) The activated car'bon (M Kohle) used for the removal of sulfur

vcompounds and iron carbonyl from the fresh feed is prepared in the following

‘mapner: Ruhr anthracite 1 to 10 mm. in size is used.as raw materisl. 400
liters of this material are charged into a special brick-lined furnace and
the charge is ignited.  Air, water gas end enough steam for temperature
control are introduced into the bottom of the furnace. A temperature of
920°C, (ot to exceed 950°C) is maintained for 3 hours. During this time

- “the bulk density of - the: raw material. vwhich at. the start is 700 gmf1iter,
‘increases to 900 gm/liter and then decreases to 550 gm/litér which should

- be-the density of the-final product. The ‘resulting product is screened a.nd

- the 1 to 10 mm material is used for the activated csr‘uon vessels.

el ’.l'he catalyst used for methanol synthesis 1s a zinc chromate
_having e following -composition. before reduction. . 26 to 30% 0!'203—._59—170
64% 200, 1 to 1.5% graphite and 9 to 10% nao e




. This catalyst is prepsred at the I.0. plant at ‘Leuda as tquo\m
100 kg. of 7inc oxids in fine posiered form are mixed with 240 liters of
water to form a suspension. Then 50 kg. of chromic oxide are sdded. :
According to Leuna this addition should be very rapid as the sino chromate
mixture has thixotropic properties and & non~hoaopendous product may result,
giving a poor quality catalyst. Approximatoly 150 liters of the water is
then removed in a press. The material is dried in a shelf dryor with air
" at 11000, pulverized in-a mill, mixsd with grsphite, and then tabletted. .-
The finished product is in the form of small cylinders 10 zm, diameter x
10 mm. high.

N

. At present a new and simpler method is employed at Oppeu for
 the preparation of this material: 100 kg. of pure powdered sinc oxide and

40 kg. of pure crystalline chromic oxide are mixed in a stainless steel
(18-8) mixer and 40 liters of water are added, as well as 2 kg. of graphite.
The temperature must not exceed 30°C. when graphite 1s-added, otherwise
lumps are formed. From the mixer the material is sent to the pelleting
machine. The specific gravity of the pellets is 1.7 to 1.75. The catalyst
made according to this method has not yet been employed on a large scale.

The normal catalydt life was said to be from 6 months to 1 year,
" On removal of a spent charge about 60 to 70% is found to be pulverized. A
change of catalyst is made when the pressure drop across the converter -
reaches approximately 20 atm. and the spent catalyst is pneumatically
removed from the converter. New catalyst should be carefully charged to
avoid breakage. . - ' .
- A nsw catalyst charge is reduced in the following manner: The
synthesis loop is purged with nitrogen and a pressure of 2 to 3 atm. of
nitrogen is applied. The circulator is started-at about 1/3 of the normal
rate (30,000 cu. m. per hqur). and fresh gas is slowly fed to the system.
The temperature is slowly raised by means of -the starting heater to 100 to
1109C, and the pressure to 260 atm. These conditions are maintained for
30 to 48 hours, during which time water separated in the product :drum is.
measured. In the next 24 to 36 hours the temperature in the converter is:
raised until the entire catalyst bed is at a temperature of 250°C. At this
stage the temperature can.be raised to the normal operating temperature in
2 to 3 hours. , S S o ‘

e . .PART II - METHANOL DISTILLATION.
Procesgs -descriptigg..' : - | : , ) . _
. Fig. 5 gives a flow diagram of the methanol distillation system..
Raw methanol from the synthesis system is expanded into the raw product .
‘storage tank which operates at 12.-'15 atm. ~Dissolved gases are thereby
released and are vented. The liquid flows through a second expansion valve
-which-reduces—the-pressure-to-6-~—8-atm.;—1gpreheated and introduced into—
‘the 1st rectification-eolumn. 1In this column thé dimethylether is distillec




off, condsnsed, and sent to a’'storsge tank, 958% pure dimethylether ;g
obtained and is used for making dimetlyl sulfate and dimethyl snilins.

The bottoms, fres of methylesher, are sent to a 2nd rectifi-
cation unit. In this unit "V® methanol (Vorlsuf methancl), consisting of
95% methanol and 5% methyl isobutyl sther, methylal, methyl formiate, etac.,
is separated and goss to a "V¥ methanol storsge tank. .The bottoms are
_cooled and introduced into sattling and intermediate storsge. tanks. _In the
line going to these tanks a 1% solution of potassium permanganate in water
1s added to the stream in the amount of 0.3% of the produat flowv. The
purpose of this addition is to oxidize any drganic compounds and decompose
the iron carbonyl contained in the product. The temperature at the mixing
point should not exceed 3000. otherwise oxidatiocn of methanol takes place.

_ The liquid is allowed to stand in the intermediate storage tanks
for at least 8 hours and preferably 24 honrs for settling to take place.
The clear ligquor is decanted and conducted to the 3rd rectification unit.
The sludge settled on the bottom of. the intermediate storage tanks goes to
a filter press. The filtrate is also sent to ths 3rd rectification unit and
the filter cake is discarded. The side stream of the 3rd rectification
column is the pure product and goes to the product measuring tank where it
ie analyzed for purity. If it meets the specifications it is sent to the
final product storage. A portion of the reflux is sent to the "V' methanol
storage tank. The total production of "V" methanol from the 2nd and 3rd -
rectification units amounts to 3 - 10% of the crude methanol. This product
is injected into the isotityl alcohol synthegis system or used as fuel.
 The bottoms from the 3rd rectification column are sént to a -
residue storage tank and from there are fed into the reboiler of the hth -
rectification column which_operates in a batchwise manner. The first over-
head from the- Uth rectification column is pure methanol and is sent to the.
~product measuring tank. -After a certain time the purity of .the overhead
is such that it must be sent to the raw methanol storage tank.. Finally,
when ethyl methyl ketones, di-isobutyl ketones, diisopropyl alcohol and
mostly isobutyl alcohol ‘begin to boil off, the overhead 1s sent to the
higher alcohols storage tank. This product is used in the isobutyl plant.
The residue in the reboiler, which 'is mainly water, is discarded.

. - The el_a.'boraté me thanol dibtiilation system described above is -
- considered necessary at Oppau in order to obtain a product pure enough for
formaldehyde manufacture. o S o ) ‘ it g



.
The following tabulation presents the pr&nn&ph Womuon
on the various rectification columns:

R RN bt b

Rectification

eolm "e:w._.,”, e i s 1 e s ﬂek .ws ey e 143,:,7‘_"«:_..,..,..1
Dismoter Top 8ect. 0.6n. . . 1,6a,
© Bot.Sect. l.0m, 5@  25m y
Height 8+5m. 33.,5m. -33,6m. 33.6nm.
Material of
construction: .
column - steel steel steel - steel
Bubble caps : - cast iron cast iron cast iron
Type of plates: Bamag sieve Bubble Bubdle Bubble
. type caps caps caps
Number of Top Sect.23 70 .7 70
platos: Bot.Sect.21 .
Distance ’ - . .
betwcen—plazes____-___ - 30 em, —- T ——
Foed injection  B8th,12th .. 16th,20th 17th,21st 16th,30th
oint from ~ and 18th -and 28th and 27th ax(d 28th
bottom: *  plates plates - plates o
o : normally normelly .
o . 20th 21st !
Side stream ' .~ 52nd,S6th  3lst,37th
take 'off point- =~ - = ' = . and 60th . and 4lst
- from bottoms- . ' S ‘plates.  plates -
: - . 60th

- The above information was gi.ven from memory by Dr. E. Haarer anﬂ,
since the detailed: drawings for this equipment could not. be located, the '
accura.cy of this 1nformat:lon cannot be’ vouched. for._
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!ho uuumzon system as dssorided is sald %o de suitable to
bandle normally 160 to 190 tons of orude methanol per day, with & maximum
of. 800 tons per day. .

- The following tabulation pruonto the prinoipol o:ponun‘ data
for. tha. various.distillation .columns?. ..

Rectification - 3 4

oolumn.No,3
Operating pressure .

(absolute): 6 to 8 atm. 1 atm. 1 atm. 1 ata.
Temp. at the i
botton of 110° C.. 68 to 70° C. 89 to 72 to
the columnt 90° C. 1000 O.
"I.'omp. at the
top of the - 30 to 35° G, 62° C. 64° C. 46 %o
column: - - : : : , .98° .
Ratio of reflux o : .
to distillate: 1031 © 681 - .31 to

L T — e o 1:1
Ratio of reflux: N -1

to fside :stream: g

- AS the operation of the 4th rectification column is. ‘batchwise.
operating cond.itions at the beginning and end of the cycle are .given.

) : -The : a.‘oove 1nforma.tion was’ also givon from.memory 'by Dr. E.
Haa.rer and its accuracy cannot be vouched. for,

'One ton. of rav: methanol furnishes the following products.

. Pufe mOthAN0L siueeesceqesoarsscaiionsansnes 780 to 830 kg.
YN e bHENOL 1 s et e e s s st srsateieisacisiesnes 30 t0. 200 kg
Dimethylether .....'.....-.....'....'.‘.‘.......5.... 20 kge

: ‘:_H:lgher alcohols _......;;. ..._."_‘......._02 to 0.3 kga:

The yield. “of. pure methanol .V'based. on the metha.nol content of. raw metha.nol
fed to the syetem s appro:dma.tely 89% T R R e

s

: ; : etha.nol di stilla.tion system the following utiliti.es are
required per ton of pure methanol produced"“ '
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%.ntiu hbor 000000ss 000 eesbetRRestORBIS OQVNWI

AR e Ai3tilled methanol is subjected -to the following-chemical-

tests: i S,

1, Sulfuric acid test - To 5 c.c. of methanol cooled to under
890, is added 5 o.c, of pure concentrated Hp80,. The resulting mixture is
shaken and its temperaturs should not exceed &C. A dark .coloration of the
mixture indicates the presence of traces of olefines, which are very
Poisoious to formaldehyde catalyst. - A slight coloration is acceptable.

If the solution remains white, the product is of excellent quality.

2. Boiling point test -~ An entire unplo of methanol must
distill off without a temperature increase of more than 0.3 to 0.4 ‘C.

’ 3. Potassium permanganate test — 1,3 c.c. of 0,1% EMaOy
solution in water are added to 100 c.c. of the product. The mixture must
‘de placed in a water bath and maintained at 17 to 18° C. The color should

- change from violet to brown in not less than 20 mimutes. A longer period
indicates a better product, while-a shorter period indicates that an :

. insufficient amount of EMnO4 has bdeen added in -the process.

. ‘4, Test for iron < 10 c.c. of 25¢ KH40H and 10 c.c. of 304

B0, are added to 100 c.c. of methanol.. The mixture is ‘bolled with-a ,
reflux cooler for 30 minutes. The flocculent iron compound is filtered out,
dissolved in hydrochloric acid, and a standard ‘colorimetric test for iron

- is applied. Traces of iron in. the product indicate that an inmfficient
amount of Din04 has been added in the proceas for breaking up the irom -
carbonyl. , = e :

e 5. Bromine number ~ This test i8 applied to the raw methanol.
- To 100 c.c. of product, the bromine solution is slowly added until a yellow
coloration identical to the standard solution. is obtained. The number of

c.c. of bromine solution added i the bromine number. : : o

. The bromine aoluticn is repared by. add.ing 4.2 c.C, of
_‘concentrated. bromine to 1000 c.c. .of - 50 acetic acid ‘and. the" resulting
‘mixture we11 nhaken. o - _ R

s - The etandard ‘solution 1s prepared 'by adding 0.05 gr. of
‘potasaium dichromate to 1 liter of water. '
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APPENDIX 2

" Coples of the nyu-u 1sted bolw were mn-ltt-d t0 Wc& D.O.
Inquiries should .be. nddnsua tos - ;

“offioe of Pudblicatsons Bosxd-~
UsBs. Department of Commerce .
Vashington 25, D.Co i

1. Related Reports Published by Allied Intelligence Agencies:

CI0S Report, File No. XXVIIX-27
FIAT Records Branch File No,
17961/TP200/P3614

Leuna Works near Haraoburg.

cIcs Report. rne No. m-ma
FIAT Records Branch !110 No..

11,088 /TP200/P705
1.,Ge Farbenindustrie A.G. Works,

Iudwigshafen and Oppau.

CI0S Report, File No. XXVII-85
FIAT Records Bmch F:tle No. -
"13!;00/‘1'?200/9683

I.G. mbeninduﬂtrie AaGn Works. '
lndwigshafen and Oppau.

CICS Report, File ‘Nos XXII-107
FIAT Records Branch File No.

9351/TP200/P}435 :
s e X !‘arbenindustrie A.G. Works,‘

Leuna,.
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" SYNTHETIC METHANOL

" FIAT FINAL HEPORT No.B8S

| CONVERTER - -

FIG.3

“DATE: AUC. 11945



SECTION THROUGH CONVERTER
SOAD GAS BLECTION UM . MO OR Cotan ALLOY JSwen )0

CATALYSY

CATALYST QRATE

\. . < -

I F oL L

b

CONVERTER WALL 250 - 300 mm thick \ CATALYST CONTAINER WALL 12-15mem thick
STEFL LINER 1OmmthickN8 OR NS -Ly A Cu40.2—1 JoMn

UNER 2mmthick (BRASS \_INSULATION 7Omm (KIESELGUHR BRICK
R CLEARANCE. 10 mm INSULATION RETAINER 2mm thick (BRASS)

GAS MIXER

METHOD OF INSTALLING
'COPPER ALLOY LINER

_ | SYNTHETIC METHANOL
7| FIAT FINAL REPORT No.888
|~ CONVERTER DETAILS
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