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The invention relates to titanium sheets, and

more particularly to methods or procedures for
rolling titanium to form light gauge hot rolled
sheets having sizes and thicknesses comparable
to sheet steel, say for example, 36" x 96" x .020”.
Titanium in the form of ore in the earth’s
.crust. is relatively abundant, and its potential
uses in pure metallic form, due to its mechanical,
- physical and chemical properties—particularly
its lightness in weight, its strength, and its
corrosion resistance—are manifold.

‘Titanium has been used widely for many years
-in the form. of ferro-titanium or ferrocarbon-
- titahium as a deoxidizing material in the manu-

facture of basic steel, because of its high affinity
--for both oxygen and nitrogen. It also has been
.-used as an alloying agent in steel and aluminum.

However, little actual experience has been had
and little use. has been made of pure metallic
titanium because of the present high cost of re-
~ducing the metal from ore to metallic form. As
-- & resulf, only extremely small quantities of pure
-metallic titanium have been processed in an ex-
berimental manner to form small titanium bars
..and shor$, narrow sheet thickness sections for
- test purposes. Some titanium is said to have
--been hot rolled into heavy gauge sheet on the
-~same equipment as used for stainless steel, but

such procedure is laborious and costly and does
not provide light gauge, hot rolled titanium sheet
material finished in sizes and gauges comparable
~to sheet steel for use in pressing, stamping, draw-
- Ing -or otherwise forming large sheet titanium
components, parts or devices...

Pure titanium ingots have only been available
~in weights ranging. from 40 to 650 pounds and
-xound in shape, being produced either by arc

or induction melting of sponge titanium. Sponge
_titanium is produced by separating the iron and
titanium from ilmenite (iron-titanium ore) to
form titanium oxide which is converted to ti-
tanium tetrachloride. -The latter, when re-
--duced ‘with -molten . magnesium, . forms. sponge
titanium and magnesium. tetrachloride.

The problem of rolling pure titarium into large
- -size, thin gauge hot rolled sheets from such avail-

-able ingots is complicated by the small size and
~~weight of such -ingots, their round shape, the
- affinity. ‘which titanium- has for oxygen when
"~ heated which may produce undesirable surface
~oxides -or scale; and -the inherent stiffness of

titanium when rolled to.sheet form which pre-
vents it from being satisfactorily doubled upon
~-itself;
complicated by the belief of those who have
~-investigated the properties of titanium that the
--material could not be-heated to a high enough

An approach -to the problem is further.

12 Claims. - (CL 29—19)..
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size, light gauge, titanium sheets without damag-

- ing the material: -
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‘Another factor complicating the problem is
the relatively high heat conductivity of pure
titanium which results in rapid cooling of the
heated material during rolling. This rapid cool-
ing characteristic,” in addition to the relatively
low temperatures believed to be required for
avolding damage .to-the material, has indicated
that great difficulties ‘would be encountered in
obtaining desired reductions and uniformity of
gauge in attempting to hot roll large size, light
gauge, titanium sheets. :

Notwithstanding these difficulties, we ap-
proached the problem from the standpoint of
proper controls-of rapid heating, rapid and ex-
tensive reductions, and surface protection against
heat loss and excessive oxidation, and discovered
that pure- titanium sheets could be economically
and satisfactorily rolled-in sizes, for example, of
36'-x 957 x .020” to 36"’ x 96 x 014’/ with
satisfactory surfaces, free from mill marks, and
with uniform gauge. - : B

Accordingly, it is an object of the present in-
vention to provide a method or procedure of roll-

~ing pure- titanium into large size, thin gauge
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sheets of the order of 36’ x 96’" x .020"’ to
36" x 96" x.0147", - . :

.- Furthermore, it is an object of the present in-
vention to provide a method or procedure of
hot:rolling pure- titanium to light gauge sheet

- form with relatively-high- rolling temperatures
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without damaging the material.

Also, it-is-an object of the present invention
to provide a -method or -procedure of hot roll-
ing pure titanium sheets to light gauges, utilizing
certain usual sheet: rolling- steps of .matching
and -doubling -without- attendant dificulties due
to the inherent stiffness of rolled titanium.

Furthermore, it is an object of the present in-
vention to provide a -method -or procedure of
hot rolling pure-titanium to sheet form while

- protecting the material during -final -stages. of
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reduction from rapid loss of heat and from ex-
cessive oxidation.

Also, it is an object of the present invention to
provide a new method or procedure by which pure
titanium- sheets-may be hot rolled economically
with existing modern sheet mill equipment. -

It-is-a further objeet of the present invention
to advance the art by providing an economical

- method -or procedure  for the successful pro-
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: . temperature -for. obtaining those reductions in .

" hot rolling which are necessary o produce large

duction of large: size, light ‘gauge; -ductile; pure

-titanium sheets while avoiding difficulties here-

tofore believed to be so inherently associated
with titanium-as to prevent the economical -and
satisfactory-production-of such sheets: -

- - Finally,"it is an-object of the 'presen,t' 'inv,en-

tion to satisfy the existing need for large size,
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light gauge, ductile, hot rolled, titanium sheets,
to solve problems existing in ‘the ‘manufacture
of the same, to eliminate difficulties believed to

be inherent in this field, and to obtain the fore--
going advantages and desiderata in a 51mp1e, ‘

economical, and effective manner.

These and other objects and advantages appar-
ent to those skilled in the art from the following
description and claims may .be obtained,. the
stated results achieved, and the described diffi-
culties overcome by the discoveries, methods,
steps, operations and procedures which. comprise
the present invention, the nature of which is set
forth in the following general statement, pre-
ferred procedural embodiments of which—illus-
trative of the best mode in which applicants have
contemplated applying. the principles—are set
forth in the following description, and which are
particularly and distinctly pointed out and set
forth in the appended claims forming part hereof.

The nature of the discoveries and improve-
ments in methods of rolling titanium sheets may
be stated in general terms as preferably includ-
ing the steps of providing pure titanium sheet

bar as by forging or rolling the same from tita- &

nium ingots: conditioning  the surfaces of the
sheet bar; repeatedly heating and elongating the
same by single-ply rolling to heavy gauge sheet
form: matching, reheating and rolling such

_sheets in pairs to further reduce and elongaie

the same: sandwiching such titanium sheets be-
tween hasic steel sheets; and reheating and roll-
ing such sandwich packs to desired gauge prefer-
ably accompanied by doubling.

By way of example, the improved methods and

procedures of the present invention may be
understood by reference to examples hereinafter
described in detail. Three round, 40-pound, arc-
melted, pure titanium ingots, 5%’' in diameter

_and 12’ long and containing up o §9.24% fita-,
nium and .36% carbon, after being surface con-

ditioned in. the same .manner as other metal
ingots to remove scale and surface imperfections
by turning, grinding, ete., were heated in a redue-
ing atmosphele in a gas-fired furnace to approxi-

mately 1700° ¥. to 1800° F. metal temperature,

and forged on a drop hammer to flatten the same.
After the first forging operation, the surfaces of
the blanks were reconditioned -with chipping
hammers and grinding wheels in a usual manner,
and the blanks were rcheated, further hammer
forged, again reheated, and -finally hammer
forged to provide from each ingot one rectangular
sheet bar approximately 34’ thick by 12’" wide by
28’ long.

One round, 100-pound, induction-melted, pure.

sitanium ingot, 8’’ in diameter and 14%’’ long,
and containing 98.579% -titanium, .66% carbon,
229 iron, and .06% nitrogen, was similarly sur-
face conditioned to remove scale and surface im-
perfections, and then heated in a reducing atmos-
phere to approximately 1750° F. to 1850° F. metal
temperature, forged on a drop hammer, reheated,
and further forged to form a 5’7 x 5’ x 26’* slab.
This slab was then cut in two to form two blanks
5’7 x5 x 13", and one blank was subjected to
three heating and forging steps to form a sheet
bar 34’ x 12’ % 34’’, and the second blank was
subjected to two heating and forging operations
to reduce the same to a sheet bar of similar size.

The five sheet bars thus forged from the 40#
and 100# ingots were then surface conditioned
by shot blasting and grinding over all, the ends
thereof where not square being machined to pro-
vide square ends.
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. finishing speed of about 225 feet per minute.

4
Ezample 40-1

.One of the 40# ingot sheet bars was heated in
a continuous bar heating furnace under a reduc-

ing atmosphere to 1520° F. metal temperature
.and. given six passes on a 3- high hot mill to elon-

gate the 12/ width of the slab to 43", with &
The
piece was then reheated to 1580° F. and given two
passes on’ the 3- hlgh mill to elongate the same

vto about 57 mches The piece was then heated

in = continuous pack heating furnace under a

raducing ‘atmosphere with the furnace tempera-

_ture. maintained at approximately 1480° F. to

157 ;
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approximately 1350° F. metal temperature and
given two single-ply passes on a 2- high hot sheet
mill to elongate the piece to 74’" long by .115"

thick, finishing at’a speed of about 225 feet per

minute.
The sheet was then sheared in half, matched

‘ina _pair, and the palr heated in the continuous

pack furnace to 1350° . and given four passes
on the 2- h1gh hot m111 to 74" x .059’’. The pack
was then reheated and hot- doubled without roll-

ing and again reheated to 1350° F., and given four

passes on the- 2-high hot mill, producmg four
sheets in the pack each 029’ thick. 'The doubled
end of the pack contalnmg the four sheets was
sheared away, and the four sheets matched with
two ordmary or basxc steel sheets of approxi-
mately the same size and gauge in a sandwich

with the four titanium sheets in the center and
one basic steel sheet above and another below
che four ntamum sheets This sandwich pack
was heated in a contmuous pack furnace to 1350°
. and glven two passes on the 2-high hot mill to
0237 gauge, then hot-doubled, reheated, and
given two passes on the 2-high mill. The eight

titanium and four steel sheets in the pack were

{hen separated, -the gauge of the eight titanium
sheets therein being from .013’* to .014’’. The
finishing tempera.ture ‘of the titanium sheets in
the pack was apprommately 1100° F. to 1150° F.

During some of the later rolling steps on the

~ 2-high hot rmll gas flames were impinged on the
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rolls in an attempt to keep the rolls as hot &
possible to prevent coolmg of the titanium shceus
during rolling.

We discovered in carrying out the foregoing
procedure in rolling titanium to sheets as thin as
.013-.014’" thick, that excellent metal surfaces
resulted on the titanium sheets, with little oxide
formed thereon and no mill marks, and the gauge
of each sheet was substantially uniform through-
out. We further -discovered in separating the
sheets in the pack that the titanium sheets did
not stick to-the basic steel sheets between which
the titanium sheets were sandwiched, and that
the titanium sheets d1d not stick to each other.

We also discovered that the lower heat con-
ductivity of the steel sheets between which the
titanium sheets were sandwmhed held heat in the
titanium sheets longer and enabled more elonga-
tion of the titanium sheets in the pack in one
heating than could have otherwise been obtained.
Furthermore, the relatively high rolling temper-
atures used in rolling the titanium sheets enabled
the necessary e_longatlon to take place required
for producing titanium . sheets-as thin as 013~
.014'’ thick.

Also, the sandwiching of the titanium sheets

petween the basic steel sheets, in the later stages

of the heating angd rolling operations, protected
the surfaces of the titanium sheets from exces-
sive oxidation or scaling even at the relatively

-high temperatures-used.
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~Erample-40-2. -

The second 40# mgot sheet bar was s1m11ar1y
heated in - a continuous bar heatlng ‘farnace

under a reducing atmosphere toa 1580° . metal"

temperature and given six passes on a 3-high
hot mill to an elongatmn of 49” w1th a 225-feet-
per-minute finishing speed The piece was then
taken to a continuous pack “heating furnace

where it was heated under a reduclng -atmos- -

phere to approx1mately 1350° ¥ metal temper-
ature and given two single-ply. passes.on & 2-high
_hot mill to an elongation of 73’* and a thickness
of .122’’, finishing at about 295 feet per, mmute

The sheet was sheared in half matched in a-

pair, and the pair reheated to 1350" F in the
continuous pack furnace, and then grven three
passes on the 2-high hot mJJl to. 647 x 061”
At this stage, one of the t1tan1um sheets in
the pack was cut up for»tests a
nium sheet was matched w1th and sandwmhed
between two basic steel sheets and reheated to
1350° F., and given three passes on the 2-h1gh
hot m111 finishing the- t1tan1um sheet at 18" x
040’7,
producing one t1tan1um sheet and’ two bas1c steel
sheets.

| Ezample 40-3

~The third 40# ingot sheet- bar- was- similarly

heated in a continuous bar heating furnace under
4 reducing atmosphere to a 1520% F.-metal tem-
perature and given four passes:on-a-3-high- hot
mill to an elongation of 22’’, with a-225-feet~per-

minute finishing speed. The ‘piece was: then re- -

heated to 1550° F. and given two-passes to an
elongation of 40’’. The piece was: then taken to
a continuous pack heating furnace where it was
heated under a reducing atmosphere to approxi-

mately 1350° F. metal temperature-and given

three single-ply passes -on a -2-high -hot mill to
an elongation of 80’" and-a thickness of 1197,
finishing at about 225 feet per'minute. - The-sheet
was sheared in half, matched-in a pair,'and the
pair reheated to 1350° F';-in the continuous pack
furnace and then given three passes on- the 2- h1gh
hot mili to 62’* x .053"’.

At this stage; one of-the titanium sheets in the
pack was sandwiched between- two basic- steel
sheets and reheated to 1350°-F. and given one
pass on the 2-high hot mill and then hot-doubled,
reheated, given two passes on the 2-high hot mill
to .033’” gauge, reheated to-1350°-F;, and given
two further passes on the '2-high- hot mill to

71'" x .020”’. The sheets in this pack were sepa~-
rated, producing two 71’’ x .020"* t1tan1um sheets
and-four basic steel sheets:

The other titanium sheet from the 62” X: 053"
pair was similarly sandwiched between two basic
steel sheets and reheated to 1350° F. and given
two passes on- the 2-high'hot .mill, ‘then-hot-
doubled, reheated to 1350° F.; and finished: with
four passes on the 2-high-hot m_illlto 81'’ x .020"’,
producing in the doubled:pack-two 81" x .020"’
titanium sheets and four: bas1c steel sheets

Ezample 100-4

One of the 100# ingot sheet bars was snmlarl.v
heated in a continuous bar heating furnace under
8 reducing atmosphere to s 1680° F. -metal tem-

perature and given four passes on-a 3-high hot’

mill to a 22’" elongation; with a 225- feet-per-
minute finishing speed. The piece-was then re-
heated to 1480° F. and-given four passes-on the
_3-high mill to an elongation -of 46""-

] he other tita- -

The sheets in the pack were separated o

-The- piece;
was then taken to a continuous pack heating

""é,‘ési'dga
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furnace where 1t was heated under a reducing
-atmosphere to approximately 1480° ¥. and given

- three single-ply passes on a 2-high hot mill to

- an -elongation of 70’ and a thickness of .118"’.

5 The sheet was sheared in half, matched in a
pair, and the pair reheated to 1550° F. in a con~
tinuous pack furnace, and then given four passes
on the 2-high hot mill to 62’/ x .070’’. These
titanium sheets at this stage were so brittle with

10 no- ductility- that no attempt was made to roll
~them further.

It wag unpossﬂole at this time to determlne
accurately whether the higher heating: tempera-
tures-or the higher carbon, iron; and nitrogen in

15 - the original induction melted ingot were respon-

. sible-for these brlttleness and lack of ductility

" characteristics.:

E:mmple 100—B

The second 100# Ingot-sheet bar was similarly
heated in a continuous bar heating furnace under
a reducing atmosphere.to a 1550° F. metal tem~
perature-and given six passes.on a 3-high hot
-mill to an elongation of 32!, with a 225-feet-per-
25 minute finishing speed. The piece was then re-
heated to 1500° F. and given four miore-passes
-on the 3-high -mill to an elongation -of 57’’.. The
piece wag then taken. to.a- continuous pack heat-
-ing-furnace where-it-was heated under a reduc-
30 ing atmosphere to approximately 1350° F. metal
temperature and given. three single-ply passes on
-& 2-high hot mill to an elongation of 75" and a
~-thickness-of .134"". The sheet. was sheared in
- “half, matched- in -a- pair, and the pair reheated
35 to 1350° F..in the contmuous pack -furnace and
~-then -given five passes on-the 2~ hlgh m111 to
74” x 061 -
‘Here again, the t1tan1um sheets were So- brlttle
and lacking in ductility that no .further rolling
40 was performed. Since these titanium - sheets
originated-from the same ingot as the titanium
sheets produced - in : Example 100-A, but - were
heated and rolled with temperatures and passes
- comparable to and on the same equipment as the
45 sheets rolled in Examples 40-1, 40-2, and 40-3,
.. it-is believed that-the -higher carbon:content in
the 100# ingot was responsible for the brittle-
-ness and. lack of ductility. x
All.of the sheets roller from the 40# arc-melted
50 ingots having low carbon contents, were ductile
:and could be welded.-
-~ Although very little scale or ox1de was formed
on-the titanium sheets rolled- in the sandwiched
- packs, yet the slight-amount of scale that did
55 form was very hard_and tight but could be re-
..moved following heat treatment, including heat-
ing-to 1300° F. and: air .cooling, by de-scaling in
a molten -sodium - hydride bath followed by a
- nitric hydrofluoric acid. brlghtemng dip, and fin-~
680 ishing with a ﬁattemng pass on:a.2-high cold
mill. - -

The t1tan1um sheets 1olled in the candvvmhed
packs- tested 104 - Rockwell B- Scale -hardness,
‘while the basic steel sheets in said packs tested

65:656-75 Rockwell B-Scale hardness. .

In forging the tltamum ingots :to Iorm -sheet,
bar, the metal was heated to between 1700° .
. and 1800° F. causing scaling which was removed
from the forged pieces by the surface eondition-

70 ing operations. However, the ability to heat the
sheet bar to from 1520° F. to 1580°.F., as in Ex-
-amples 40-1, 40-2, and 40-3, and to as high as

©1680° F. in Example 100-A, without damsaging
-the material, . was..a totally unexpected result
75 since thosé skilled in the art indicate that 1300°

20
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. . is the top limit to which titanium can safely
“be 'l heated for rolling.

(As 1nd1cated in the examples, the higher heat-
ing took place in the contmuous bar furnace for
heatmg ‘the sheet bar, and a somewhat lower
metaI temperature of about 1350° F. (also above
‘the 1nd1cated safe ‘1300° F. femperature) was

) ‘used in heatmg in the contmuous pack furnace,
,exceptmg in Example 100-A where temperatures
_Of 1480° F. to- 1550° F. were used. However, these
temperatures did not damage the material since
‘the brittleness oceurring in Example 100-A was
'because of the high carbon content of the titan-
1um rather than the high heating temperature.

We believe that: it is possible to heat tifanium

_to the temperature ranges set forth in the ex-
‘amples for hot rolling without damaging the ma-
terial primarily because of the rapidity with
which the material can be heated in continuous

_furnaces and of the rapidity with which the ma-

_terial was’ rolled on the 3-high and 2-high mills,
‘ﬁmshmg at speeds of 225 feet per minute. Since
_a reducing atmosphere was maintained in the
continuous furnaces, little or no scaling occurred
therein, and the rapld rolling accomplished the

necessary reductions to obtain the thin gauge’

‘finished sheets of the order of 020" to .€13" in
}thmkness before any- ‘damage to the material
“could occur as a. result of-the initially high tem-
" peratures. to which the material was heated for
rolling.

We believe further that it would be impossible
_to reduce the material to such thin sheet gauges
w1thout usmg the high rolling temperatures,
without- finishing at metal temperatures of the

“order of 1100° . to 1150° F., and without sand-

wiching individual or multlple titanium sneets
_between basic steel sheets not only to protect the
thtamum sheet surfaces in- ‘the final rolling opera-
“tions, but also to retain high heating tempera-
tures during rolling.

TThus, the ultimate essence of the present in-
vention lies in the fact that sheets of a metal
dissimilar to titanium, such as basic steel sheets,

~are used to form a sandwich pack with the dis-
similar metal sheets on the outside of the pack
in completmg the rolling of titanium sheets to
form large size, thin gauge titanium sheets.
These sandwich packs of the two dissimilar metal
sheets may be repeatedly heated and rolled to
desired gauge with the optimum number of passes
as in Examples 40-1 and 40-3, or may be re-
peatedly heated and rolled accompanied by dou-
bling as in Examples 40-1 and 40-3, or may be

. heated and rolled without doubling as in Ex-
ample 40-2. -Furthermore, one titanium sheet
may be sandwicheéd between two sheets of a dis-
‘similar metal as in Examples 40-2 and 40-3, or a
plurality of titanium sheets may be sandwiched

] between a plurality of sheets of a dissimilar metal
as in Example 40-1.

Accordingly, the present invention includes a
dlscovery of a successful procedure which may
be used for the economical manufacture of hot
rolled titanium sheets of large size and thin
gauge; provides a, method of hot rolling pure ti-
tanium to light gauge sheet form with relatively
high rolling temperatures without damaging the
material; provides for the use of a doubling step
in the manufacture of titanium sheets without
difficulty from the inherent stiffness of rolled
titanium; provides a method of protectmg titan~
jum sheets during the final stages of reduction
from rapid heat loss and from oxidation or scal-
) mg, prov1des a. procedure by which pure titanium

2,651,099
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sheets may be hot rolled economically with exist-
ing modern sheet Till equipment; and provides

.. a. solution- to. existing problems and difficulties

10

; -,encountered in satisfying the need for Iarge size,

light. gauge, ductne hot: rolled tltamum sheets

cin a slmple, economxcal and effective manner

The hot. rolled tn:amum sheets made in the
‘manner described may, after - annealing . and

-pickling, - be_ cold rolled to lighter gauges in a
-usual manner to as much as 50% reduction when

it-is de51red to.obtain cold rolled tifanium sheet

'material, or when it is desired to obtain titanium

15

sheet ma,terlal thinner than hot rolled tztamum

,sheet materlal which may be. ‘made in accordance

with the present invention.
In the foregomg descnptmn cerfain .terms

~have been used for- brevity, clearness and under-

20

25

standing; but no unnecessary limitations. are .to

. ‘be implied therefrom beyond the requirements

of the prior art, hecause such terms are utilized
for descriptive purposes herein. and not for the
purpose of limitation- and .are intended to he
broadly construed.

. Moreover; the description of the impr ovements
is by way of example, and the scope of the pres-

_ent invention is. not limited to the exact details
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described nor to the specific examples set forth.

Having now described the features, discoveries
and prineiples of the invention, the methods and
procedures comprehended, the characteristics of
the products produced thereby, and -the advan-
tageous,- new and useful results obtained; the
new and useful discoveries, methods, steps, opera-~
tions, procedures and principles, and mechanical
equivalents obvious to fhose skilled in the art,
are set forth in the appended claims.

- 'We claim:

1. The method of hot rolling thin-gauge tita-
nium sheets including the steps of heating and
rolling .intermediate gauge titanium sheets from
sheet bar, sandwiching at least one intermediate
gauge titanium sheet between two sheets of a
dissimilar-metal having a lower heat conductivity
than titanium to form a sandwich pack, heating

5 and rolling the pack to desired final titanium

sheet gauge, and protecting the titanium sheet
material from rapid heat loss and excessive oxi-
dation by the dissimilar metal sheets during heat-
ing . and rolling of the sandwich pack to-final
titanium sheet gauge.

2. The method of hot rolling titanium sheets to
a gauge as thin as .013", including the steps of
heating a.nd rolling intermediate gauge titanium
sheets from sheet bar sandwiching at least one
intermediate gauge titanium sheet between two
sheets of a dissimilar metal having a lower heat
conductivity than titanium to form a sandwich
pack, repeatedly heating the pack to about 1350°

.P. and rolling the pack to desired final titanium

sheet gauge and protectmb the titanium sheet
material from rapid heat loss and excessive oxi-
dation by the dissimilar metal sheets during heat-
ing and. rolling of the sandwich pack to final
titanium sheef. gauge.

3. The method of hot rolling thin gauge tita-
nium sheets including the steps of rapidly heat-
ing titanium sheet bar to 1480° F. to 1680° F.
and rapidly rolling the same by a plurality of
passes to elongate and thin the metal, rapidly
reheating the material to about 1356° F., and
further rapidly rolling the same by smgle ply
passes to intermediate gauge; matching and
rapidly - heating and rolling the intermediate

gauge material to further reduce the same; sand-
: Wmhmg at least one further- reduced titanium
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sheet between two sheets of a dissimilar metal
having lower heat conductivity than titanium to
form a sandwich pack; rapidly heating and roll-
ing the pack to desired final titanium sheet
gauge, and protecting the titanium sheet material
from rapid heat loss and excessive oxidation by
the dissimilar metal sheets during heating and
rolling of the sandwich pack to final titanium
sheet gauge.

4. The method of hot, rolling thin gauge tita-
nium sheets including the steps of rapidly heat-
ing titanium sheet bar to 1480° F. to 1680° F. and
rapidly rolling the same by a plurality of passes
to elongate and thin the metal, rapidly heating
the material to about 1350° F', and further rapidly
rolling the same by single-ply passes to inter-
mediate gauge, matching and rapidly heating and
rolling the intermediate gauge material to further
reduce the same, sandwiching at least one further
reduced titanium sheet between two basic steel
sheets having a lower heat conductivity than
titanium to form a sandwich back, repeatedly
heating the pack to 1350° F. and rolling the same
accompanied by hot doubling to desired titanium
sheet gauge, and protecting the titanium sheet
material from rapid heat loss and excessive oxi-
dation by the steel sheets during heating and roll-
ing of the sandwich pack to final titanium sheet
gauge.

5. The method of hot rolling thin gauge tita-
nium sheets including the steps of rapidly heat-
ing titanium sheet bar to 1480° F. to 1680° F.
and rapidly rolling the same by a plurality of
Dasses to elongate and thin the metal, rapidly
heating the material to about 1350° ¥. and fur-
ther rapidly rolling the same by single-ply passes
to intermediate gauge, matching and rapidly
heating and rolling the intermediate gauge ma-
terial to further reduce the same, sandwiching
a further reduced titanium sheet between two
basic steel sheets having s lower heat conduc-
tivity than titanium to form a sandwich pack,
reducing the pack to desired titanium sheet gauge
by operations of heating to 1350° F. and rolling,
and protecting the titanium sheet material from
rapid heat loss and excessive oxidation by the
steel sheets during heating and rolling of the
sandwich pack to final titanium sheet gauge.

6. The method set forth in claim 3 in which
the matched intermediate gauge titanium ma-
terial prior to sandwiching is heated to 1350° P,
hot-doubled, reheated to 1350° F,, rolled in
doubled condition and sheared to remove the
doubled end; and in which the four intermediate
gauge fitanium sheets thus produced are sand-
wiched between two basic steel sheets to form the
sandwich pack.

7. The method set forth in elaim 4 in which
the matched intermediate gauge titanium ma-
terial prior to sandwiching is heated to 1350° P.,
hot-doubled, reheated to 1350° F., rolled in
doubled condition and sheared to remove the
doubled end; in which the four intermediate
gauge titanium sheets thus produced are sand-
wiched between the two basic steel sheets to form
the sandwich pack; and in which the sandwich
pack is heated to 1350° F., rolled by a plurality
of passes, heated to 1350° F. and hot-doubled,
reheated to 1350° F. and rolled by a plurality of
passes to desired titanium sheet gauge.

8. The method set forth in claim 4 in which
one intermediate gauge titanium sheet is sand-
wiched between two basic steel sheets to form the
sandwich pack; and in which the sandwich pack

. by a plurality of passes to desired
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is heated to 1350° P, rolled, heated to 1350° .
and hot-doubled, reheated to 1350° ¥. and rolled
by a plurality of passes to desired titanium sheet
gauge.

8. The method set forth in claim 5 in which the
Sandwich pack of one titanium sheet and two
basic steel sheets is heated to 1350° F. and rolied
fina] titanium
sheet gauge.

10. The method of making hot rolled thin gauge
titanium sheets from a titanium ingot including
the steps of conditioning the ingot surfaces, re-
peatedly heating the ingot to 1700° F. to 1850° P,
and forming the same to sheet bar size, condi-
tioning the surfaces of the bar, repeatedly heating
and rolling the sheet bar to intermediate gauge
titanium sheets, sandwiching at least one inter-
mediate gauge titanium sheet between two basic
steel sheets having a lower heat conductivity
than titanium to form g sandwich pack, heating
and rolling the pack to desired final titanium
sheet gauge, and protecting the titanium sheet
material from rapid heat loss and excessive oxi-
dation by the steel sheets during heating and
rolling of the sandwich pack to final titanium
sheet gauge.

11. The method as set forth in claim 10 in
which the sheet bar is rapidly heated to 1480° .
to 1680° F. and rapidly rolled by a plurality of
passes to elongate and thin the same, then re-
heated to about 1350° F. and further rapidly
rolled by single-ply passes to intermediate gauge,
and then matched and rapidly heated and rolled;
and in which the sandwich pack is rapidly heated
to 1350° F. and rolled to desired final titanium
sheet gauge,

12. The method of making hot rolled thin
gauge titanium sheets from a, titanium ingot in-
cluding the steps of conditioning the ingot sur-
faces, repeatedly heating the ingot to 1700° F. to
1850° F. and working the same under pressure
to form sheet bar, conditioning the surfaces of
the sheet bar, repeatedly heating and rolling the
sheet bar to intermediate gauge titanium sheets,
sandwiching at least one intermediate gauge tita-
nium sheet between two sheets of a dissimilar
metal having a lower heat conductivity than
titanium to form a sandwich pack, heating the
pack to 1350° F. and rolling the same to desired
titanium sheet gauge, and protecting the titanium
sheet material from rapid heat loss and excessive
oxidation by the dissimilar metal sheets during
heating and rolling of the sandwich pack to final

titanium sheet gauge.
JAMES A. ROEMER.
BURT H. McKIBBEN.
JOSEPH R. CORRY.
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