\o.662 Vertical File Folder
" With Right Hand Tabs = ° S e




~THE R. & H. CHEMICALS DEPARTMENT
E.I. du Pont de Hemeurs & ,C'Oo, Ine.
Chemiceal Division-~Niagara Falls
June 5, 1933.

Prep ai-aticn' of Titenium Pi
~ Zrom Titenium Ores (N3549)

By: A. 4, Levine
M'n L. RGES

|

DUP0500264

)8




‘THE R. & H, CHEMICALS DEPARTMENT
E, I. du Pont de Nemours & Co., Inc.
Chamie&l Division--Niagara Falls

S June 5, 1933,

Pr gggggtion of Tit i
ﬁ_ngZ$§§nium Ores (
¥, L, Ross

Summsry of Work to Date
OBJECTIVES - - — e s e me e W e W me e e e ‘-' - sy we am =
INTBODUCTION . e e o e e e L - e we - :-' Y
CONCLUSIONS - "' Ll - e e o e L f - . -

RECOMHENDATIONS |
OUMMARY = = = = = = = = = = w5 e e m o= o = - o= e m

DISCUSSION OF KNGWN METHO?S FOR PREPARING TITANIUM

ﬁPROPOSED PROCESS FOR THE PREPABATION oF TITANIUM -
‘TETBACHLORIDEJ""‘,-""-----.-.-o-?—aac--.._.,

EXPERIMENTAL WORK = = = = = = = = = = = = = = = ~ =

A, Electrlc Furnace Fusion = - = = = =« = = « < = -

1, Power SOUTEE ~ = = = = = = = = = = = = = - =

2, Electrodes = = = « = = = = = = 2 =~ = = -
3., Fusion Crucible = = =~ = =~ = & o v 4 = = =
4, Operation of the Furnace - e e -
5. Description of the Fusion Product = = - =
8, Discussion of Fusion Product - ~ = = -'~ -

§

LI I |

{

B. Chlorination Furnace Operation - - - - - = -
1. Furnace Charge and Chlorine Supply - -

]

B. Chlorination Temperature - = -~ - = = = « = = -

3, Operation of the Furnace - = ~ ~ - - = =
4, Purification of Crude Titanium Tetrachloride

C. Yicld Dath = = = = = = = = = = = = = = = = « =
1. Chlorination Huns I R

File Classif

.2 -"§ Sk b*

Page
- 1
- 1
- B
R -
- 2
- %
; ”4 _
- 4
- 4
- 4
- 4
- 5
- 6 .
- B
- 6 -
- 6
- 5'_
- 7
- V4
- 8
- 8

DUP0500264




1, To briefly summarize methods found in making a literature
tudy of the preparation of titanium tetrachloride.

2. To summarize laboratory work covered to date on the prep-
aration of titanium tebrachloride. o

TR0 IO , L eEe . ) f,_a” ,
. N L .
= In recent years titenium pigments have increased in use: for th%
reason that they have & better covering power than the ordinary pig-
ments, The subjeet of titanium plgments became of interest to the
R, & H. Chemlcals Department on accownt of findings of the Experi-
mnental Statlon who were working on the problem for the Krebs Pigment
Co, They found that the titanium oxide made by way of hydrolysis of
the tetrachloride gave a pigment in the rutile form which as far as
is now known is the only way to obtaln that particular: form. e

Suceessful development of a process for producing a satisfae-
" tory titanium pigment by way of the chlorides of titanium will pro-
- vide an outlet for 25 to 38 toms of chlorine per day according to a
" statement by Dr. Keats of the Experimental Station.

The methods used by the Titanium Pigment Co. and the Commeroia3
Pigments Corporation are very similar in nature and are carried out
essentlally as follows: The "ilmenlte™ ore is digested in 70.0%
sulfurie acld untll the greater per cent of the titanium oxide and
ferric oxide are dissolved. This produces a cake low in residual
acid, The cake is leached with water and the residue reworked with
subsequent batches. Scrap iron 1is added to the solution to reduce
all iron to the ferrous state. About 80.0%4 of the iron is removed
as crystallized sulfate by cooling. The solution is elarified and
the hydrolysis step carried out to produce the titanium dioxide.

The titanium dioxide formed in this way is prepared for use by
caleining at 850°C, The pigment formed in this way 1s the anatase
form whioh is not the best form of the pigment,

It has been found at the Experimental Station that the titanium
oxlde obtained from the hydrolysis of titanium tetrachloride gives
the desired form upon calcining. Their preliminary cost estimates
show that the most economicsl place of producing titanium tetra—
chloride is at the Niagara Falls Plent.

A literature search has been made to determine the present
known methods for preparing titenium tetrachloride. A process
was next laid out-on paper which appeared to be the simplest and
most gconomical to apply on a commercial scale, The various steps
were then trled out on a laboratory scale in order to determine the
feasibility of the process and if possible to obtain weighed vields
‘in the various steps.
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1. The preparation of titanlum tetrachloride by the process
outlined is chemically feasible.

2. A form of titanium carbonitride has been prepared in a
laboratory seale are furnace in 1500 - 2000 gram lots. The analysls
does not differentiste between titanium as metsal, carbide, nitride
or oxlide, hence it is not known to what extent the titanium oxide
was reduced. The material produced was iridescent, brittle and
gave a smooth fracture upon breaking. It conformed to descriptions
of the material by Moissan in his book "The Electrie Furnace®".

3o The electric furnace product was readily chlorinated at
200 - 600°C. Preparation of titanium tetrachloride was rapid at
first but tapered off after a few hours of operation.

Ayyield of 50 -~ 55% on‘titanium.tetrachloride was obtained
based on the titanium content of the carbide and the titanium tetra-
chloride found in the chlorination product.

~ Since chlorination was carried out as high as 500°C for.
several hours and titanium carbide chlorinates readily at 200°C
-1t is quite probable that the electric furnace reduction was not
more than 60 - 70% complete.

RECOMMENDATIONS
It is recommended that:-~

1. The Experimental Station and the Krebs Pigment and, Color
Corporation make an economic study of the problem in line with
the proposed method of manufacturing titenium tetrachloride,

2. Further laboratory work be held up on the problem until
a decision has been reached on the basls of the above recommen-
dation- . .

Methods of preparing tltanium tetrachloride from ilmenite ore
were reviewed as recorded in the patent literature and R. & H. re-
ports., The methods recorded involved brigquetting of the oOre with
carbon and ehlorinating at 800°C., first by reduction of iron oxide
at 800 - 900°C with subseguent leaching with ferric chloride to re~
move the iron and final briguetting with carbon and chlorinating at
800°C and also selective chlorination of the iron and titanium at
different temperatures after reduction of the lron with carbon at
‘800 - 900°C, Other records were found to show that the electric
furnace product, titanium carbonitride, could be chlorinated at
200 - 500°C, After a review of these methods a process was laid

. out as followss:-
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. 24, 1935.)

(Cont'd.)

1, Electric furnace rusions of 1lmenite and carbon to rorm
e carbonitride which is a reduced concentrate of titanium car~
blde and titanium nitride. o =

, 2.vcru5hing and Sizigngf the product.,
'8, Chlorination of sized product at 200 to 500°C,.

o a, Purification of the crude titanium tetrachloride by re- -
distillation.

This lay-out seemed to involve the least amount of mechanical
‘handling and the least number of steps in going from the crude ore
to _the finished product. All four steps were carried out success-
fully on the laboratory scale. Welghed ylelds were taken on the
chlorination step but exact data on these ylelds are in doubt since
difficulties were experienced with methods of analysis which have
' not been ironed out as yet.

DISCUSSTION OE KNOY

(See "Literature ‘and Patent ‘References Relative to the . .
Chloride Processes for Preparing Titanium Oxide", Experimental
Station, E. I, du Pont de Nemours & Co., Inc., Wilmington, April

" Various methods haVe been suggested for the chlorinaﬁianOfv
are recorded briefly in the following’

v The ore has been finely ground, mixed with soft coal, coked,
crushed and sized, dried and chlorinated at temperatures around
850 - 750°C. The crude product was then purified by distillation.

In other processes the ore is briquetted with carbon using
a starch paste as a binder, drying and chlorinating as suggested
in the first case,

One process was mentlioned in which.ths ore was briquetted
with earbon and heated to around 800 - 900°C. to reduce the iron.
The reduced product was then chlorinated at 350°C to remove the:
iron. The temperaturs was then raised to 550 - 600°C and chlorine
- fed in the opposite direction to prepare the titanium tetrachloride.

, Ancther varlation 1s mentioned in which the ore is reduced gt
7 800 - 900°C with carbon and the iron next extracted with iron
.. chloride leaving the concentrated titanium oxide. This oxide was
“ " then briguetted with carbon, dried, and chlorinated at 550 - 600°C
and the product purified by distillation.

Lo In this plant in 1924 titanium tetrachloride was made by
’direet chlorinatton of titanium carbide or carbonitride.,  See report
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sﬁUSSION,(Cont'a )

revaration of Titanium Tetrachloride from Titanium Carbide“ 'D. 0.
an, May 8, 1924, ' Mr, P. S. Brallier of the Niagara Smelting
ration also described this method In Volume 49 "Pransactions
the American Electro Chemical Soclety® for 1926, It is our under-
standing that the carbide 1s a product of the electric furnace fusion_
) 8 titanium ore with an excess of carbon.

It may be noted that the earlier pr0cesses involwe briquetting
“extractions, high temperatures, endothermic reactions with difficul%
-gonditions for applying heat and other mechanlcal steps that would.
'ontribute towards high cost. :

, After a review of these yvarious methods a process was laid out
paper as shown in the followlng section:~

YBOPOSED PROCESS FOR THE PREPARATION OF TITANIUM TETRACHLORIDE

See attached flow sheet, blue print'No. 1,

In the electric furnace the oxides of iron and titanium should
be reduced to the carbide or nitride formed and should be recovered
the form of a dense, brittle mass which could be easily crushed
snd sized for convenient chlorination. By this method handling
should be simplified since there is no briquetting involved.

The chlorination step is exothermic and on a large scale :
hould require cooling instead of the dpplieation of outside heat as
in the case of the briquetted ores, The chlorination reaction should
yecur between 200 ~ 400° C, a much lower tempserature than reguired for
rect chlorination of the ores, hence as a result there should be
ch less wear and tear on the equipment. The crude produet should

readily purified by fractional distillation of such materials as
118solved chlorine and ferric chloride.

_Fusion - Bee blue print No. 2,

200 K,V.A, transformers tapped for 20 40 60 and 80 volts to
pply 10,000, 5,000, 2,500 and 2,500 volts respectively. A volt
; '“and ammeter were available for proper control. L

e electrodes were 1—1/2 inch carbon or graphite, movable so
the arc could be readily controlled.

asion Crucible

hough in the earlier fusions a graphite crucible was ﬁounted
the electrodes, in the final method of operation developed
quare box was made of 1/2 inch graphite plates. . The dimenslions

DUP0500264

3




in the top of the box after passing through holes in the side, The

: 2. Charge:
ilmenite ore supplied by the Krsbs Pigment and Color Corporation

. ":ax,(Cont!d.)
§, Egsion gggciplg (Cont‘d.) ,

of the box were approximately 8% x 8% x gu, The electrodes met

box was insulated by S$i1-0- Gel brick to give the highest efficiency
possible from the are.

4. Ogeration of the Furngce _
harges- Although no analyses were rurnished with the

a typical analysis was given in the patent literature as follows.-

Titanium oxide ‘ 53.66%
Ferrous oxide = 17.09%
Ferric oxide 18.68%
Zirconia : ' 0.94%
" Alumina _ 1.12%
Silica S 3:80%
Calcium oxide o 0.72%
Mangangse oxide 1.36%
Phosphorus anhydride O 84%
Loss on ignition

Total -

© " In the first 5 TUns ilmenite ore and carbon (appreximatelyf
100 mesh coke or charcoal) were mixed in the ratio of 1000 grams’
ore to 330 grams carbon. In the ‘last fusion made the carbon was
Inereased to 660 grams. ‘

(]

In the earlier runs the charge was placed in a 4" by 5% graphit
crucible in small gmounts but in later runs thée crucible consisted
of the graphlte box as shown and the charge made up of 8 - 10 1lbs.
of material, The charge was placed in the lower part of the furnace
with the electrodes converging about 2" above and in the center of
the charge. The furhace was then covered to prevent the cireula-
tion of air as mnch as possible.

¢ 7 b. Fusion:- Various voltages were tried 60 volt operatiun
proved to be too severe as the are could not be well controlled.

one run at this voltage the S11-0-Cel brick was volatilized durin
nutes operation. The following run was made at 20 volts without
1sfactory results since the arc could not be maintained without
01ding the electrodes together by hand. 40 volts operation proved
0. be gqulte satisfactory since the ar¢ was easlly malntained and a
tant load of#600 amperes could be held with frequent adjustment
e electrode spacing. The best runs were made at 40 volts and-
amperes for 25 mlnutes, Two good batches were made under these
'igns in which 1800 and 2000 grams of the fusion product were
Ble

73]
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,.ﬂfJ':_AL_ W(_JBK (cont:d_._)
_(&mﬂd)

Q, Qg g;p gg og thg Fugigg Product

N Since the heat was applied above the charge, the product appeared
‘on top in the form of a lump approximately 1" thick in the center
ftapering to the edges, 6" wide and 8" long.

- The best prm&uct was readily crushed in a crusher and sized to

4 - 8 mesh which made a very convenlent form for chlorination, The

material was hard and brittle, and had a slight irideseent appear~

ance, The best part was free from blow holes while that near the A-

ggges ‘of the lump often contained blow holes and grains of unreduce_
enite. :

The-< samples for best chlorination runs were selected from the'
crushed and sized material, care being taken to select the most den%e
material with no oxide coating on the surface. : v

6, Discugsio of Eggiog P:ogggz

This laboratory was inexperienced in the appearance of a good
form of the carbonitride. It was recognized that our methods of
analyses, which were not thoroughly worked out, would not differ-
entiate between the metal, carbide, nitride or oxide since it was
expected that 1f all oxlide was not converted to the reduction pro-
duct, complete chlorination would be difficult in subsequent chlor-
ination steps. There are difficulties to-overcome in the higher
temperature fusion on the smallscale that' may be readily overcome
on large scale operation. This point may be checked by obtaining
the carbonitride from the Titanium Alloys Co, which is made in
thelr regular electric furnace reduction of titanium ores and then
‘making a comparative chlorination run.

B. ghlorigaﬁiog_Egggggg__ngganl__ - See blue print No. 3.

A sample of carbonltride was selected from the 4 to 8 mesh
- waterial, This sample was s0 selected that it would be as free
as possible from blow holes and oxide film, £10 grams was used
_1n Run No. 3, while 125 grams was used in Runs No. 4 and B,

lorine Supply

Chlorine wes supplied from a small weighed chlorine cylinder.
idchlorine rate was controlled by its movement through a sulfurie
1d bubbler.

22. Chlorination Tgmggrgtggg

200°C and titanium tetrachloride collected in the balloon o
sk, In subsequent runs the furnace was operated at 400 - 500°C
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IMENTAL WORK (Cont'd.)
1 Furnace Operation (Cont'd.)
M__.@._ﬂ Chlorinstion Temperature (Cont'd.)

since ylelds of titanium tetrachloride were the chief interest and
not the chlorination temperature or the selective effect of chlorine
on iron and titenium at varying temperatures.

3. Operatiog of the Furnace

v The furnace was railsed to the desired temperature and the chloriné
' feed started. The Tate of 40 - 60 grams of chlorine per hour was
malntained for the first 2 or 3 hours after which the rate was grad-
nally reduced to 15 - 20 grams per hour. The runs were continued foi
10 to 20 hours.

-hlor-‘atid

The titanium tetrachloride was collected in the balloon flask
throughout the run. Ferric chloride collected in a ¢old part of
the furnace tube and at times caused a restriction. At such times
this part of the tube was heated with a free flame to drive the
iron on through to the balloon flask.

A record was maintained of the chlorine used and 50 - 100% ex-
cess of chlorine was added before the run was stopped. The run
was usually stopped when the feed rate was between 5 and 10 grams
of chlorine per hour and & large percentage of the chlorine was
carried on through the furnace. When chlorination was stopped:
the titanlum tetrachloride was distilled over into the receiving
flask and weighed, This product contained small amounts of -
chlorine and ferric chloride in suspension,

4, Purification of

.The material obtained from the chlorination was purified by
distillation in & long necked flask with a Kjeldszhl distilling
- head. The product boiled at a constant temperature around 135°C.

It wes noted in the distillation that free chlorine was first
refluxed off. This was followed by the collection of amber colored
- crystals along the neck of the distilling flask and walls of the
condenser. These crystals collected sometime before the titanium
tetrachloride begain to distill over. The first fractions of
] titanium tetrachloride were colored by this material but the pro-
¢ duet gradually became whiter in color until it was almost water-
. white near the end of the distillation.

. The product showed only traces of iron when dissolved in acid
and tested with thiocyanate. No quantitative test was made.” It
1s thought that the amber color in the product is probably due to
;,agloxychloride or partial hydrolysis product of the titanium tetra-
‘chloride,
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EXPERIMENTAL WORE (Cont'd.)
. s i
Due to tho high tapcratures, dusting 10330:, and small scale &:
which fus:l.oms were made it was not pess:ib].a to obtain weighed yields.
f‘ 1. Chlorination Rung
Five chlorination runs were made. BRuns No. 1, 2 and 4 were not
satisfactory dues to acofdents during operation. MNMethods ef analysis
, gt this time were not thoroughly checked: to: the point where a yield
could be taken as 100% relisble. Eowever, the figures are given
2 for Runs No., 3 and ¥ and should: sho' dorinitely the trends in the
X - exporinentt.lL worlu oo :
LA
A 1 wt. of carbonitriéa ehlorinated o L 219 g.
L Wt. of titanium tetrachloride reeovorod i 189 g.
e 7 Titanium: oarbidcr oqnivalmt in the- carbo- '_-, IR
T nitride used: i 55¢
i Titanium carbvide equ:l.valent aceountod for : h EX
in. furnsce residue; condenser- systeam and. - ' P
converted:to resovered: titantum tetnehloridt 101,32 g.
o Titanium earbid - egulvalent: scemtad gor-.
ag “ in the-system. . 7 T 84.0%
_‘j,‘) Titanium earvide. oqu.‘-valont roconred u” -
. titanium temchlorido R . 49.3%
Titanium carblde equivalent found inm- thq T
T - _condensex:systemrs. .. R 2.75%
- Titanius ¢arbide 'céai'nlen& r.nd.nfn&' in ‘::r.,;f_; e C
the chlorintting fmact residue - L : 31.4% E
Bag No. 5 ihu e L
i Wt. of cubouitr‘ldw chloriutds PR 188 g
' Wt., of titantum: rfcinehlorids rceo'nrcd* a 117.3 g..
i Titanium cuhiﬁwoquval@t in the- St
' carbonitride whed:- ‘ . . b55,58%
Titanium cardige Qquivalcat roeovoro& uv
titanm totruehlori Ll : e LT 54%
3 Furtho:imdyua'mq not made. . . ' ) '
References— Noteboak N.F. 365, PP..1-30.
: MLR:MCE . L to: Vlult/
x : - ' - ‘ Exec.
: Chen,
Levine
M.L.Ross
K3349
8- Kt - B
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