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INTRODUCTION o

During the manufacture of bright-annealed sheet stéol;
the cold-rolled steel may elther be ocut into sheets of con- -
venlent size or produced as a continuous strip and'wonnd inte .
rolls, In elther ocase rolling straihs are set up in the metal,
| which must be partially or cocmpletely removed by annealing,

The bright-énaealing of the sheets requires the utmost
care to prevent diaéoloratimn of the metal'by the formation of
a light coat of oxide_on'thB"Bnrfaoe_(l)J' A agpeclsal techniqué'
has been developed and speclal equipment designed for carrying
out this operation, -

The essentisl eduipment required conaists of an annealing-
box, and annealing furnace, and sultable devices for charging
and withdrawing the box from the furnace,

The furnace, which may be fired by either coal or gas, is
built in two parts, a combustion compartment and a heating
chamber, A reducing atmosphere in the heating chamber 1is do-:
gired in order to prevent rapid oxidation whioh dauses destrac-
tion of the annealing box, The heating chamber has an arched
roof and is about 16 ft, long, 8 ft, uidb,-énd 8 rt;.high (2).
The gas. is admitted into flne-iiké passages at the eleséd_énd'
of the furnace and distributed along each side of the heating
chamber, | : “

(1) gﬁgggggz 520?3 %%%2%3%%"1§%%*%%%%%3 The Chemical Gatalog

z) J. M. Camp and ¢, B.-Francls, The Making, Shapin
Treatigg of Steel, Garnegie Steel Co,, P. 960, !%é




-

The annealing-box is made in two parts, a top and a
bottom, from cast steel, The top is made slightly longer and
wider than the largest sheet to be annealed, and 1t 1s in the
form of a reetaﬁgular”hpod; The bottom is flat on 1ts ﬁpper |
side and 1s several inches longer and wider than the top, Iti‘
outer edge is enclosed by & rim, | ' '

The snnealing-box is charged as rollawpf The sheets are
stacked on the bottom to a height of about five feet and then
the top lowered over them; the orevice that 1s formed between
the top and the rim of the bottom is fllled with sand, Thie "
sand serves as a seal and prevents the sheets from coming linto
direct contact with air other thar that already in the remain-
ing space in the box, Only enough alr is left in the box to
oxidize the edges of the sheets and the surface of the top
sheet of the staock, |

The box, as charged, 1s pushéd into the furnace, the doors
cloased, and the ggs_ligh#ed; The temperature is allowed to
rigse untll the outside of the box has reached the desired
annealing temperature, It is necessary to malntaln this tem-
perature for alx to eight hours until i1t 1s uniform at all
points in tha_stack;; The boxlls then withdrawn fremlthg'furnaée
and allowed to cool to about 200°F, before the top is removed.
- In eooling the gas inside the box contrasts, thereby pulling
fresh alr into 1t through the sand seal eausing rafthor oxida-
tion of the sheets, If thie oxidation is found to be too
great, the process may be changed slightly by keeping the box
filled with g reducing gas during both heatlng and cooling




eyeles (3),
Tha process for bright-annealing rolls of gheet metsl
differe from the above.enly to the extant that, instead of

stacking, the individual rolls are charged to the annealing box.

The temperaturee used in bright annealing range from
1240°F, to 1600°P, The temperature most cemmenly.useﬂ,il400°?;,;
ia sufficient'to'eliﬁiﬁate, to a great extéﬁt the streas and
strain produeed by rolling operations, and to develop the
duetility slmost to the maximum obtainable in the metal(&).
Highgr temperatures are found to promote excessive grain-_'
growth,'whieh tends to weaken the sheet conslderably as well as
to roughen the surface in deep drAW1ng; Lower temperatures do
not sufficlently remove the rolling sirains, nor do they impart
sufrioient'softness and duotility te the metal(ﬁ);__ |

One of the prineipal limitations of box-annealing is ths
tendeney of the metal aheets to stleck together at the annealing '
temperature. The pressure on the bottom sheets of a stack or
‘near the center of the coil is great enough to cauee the sheeté
to stick aso Tightly together that & sword is frequently
necessary to loosen them(s), The pressure on the bottom sheets
in a five foot stack 1s about 15 1b./sq.im, At times aqufa- |
tion_ié impossitle, Qaklng it necessary to diseard the sgheets
ase waste, Those that afe geparated may have their sﬁrfaae
damaged 80 badly that they must either be discarded or sold as
8 lower grade prednet;' The losses due to sticking mey range

5 Shannon: loe, eit., p. 141
J, M, Camp and G, B, Francis: loc. oit., p. 963

5 Ibld, p., 963
6) Ibld, p. 983 ‘




up to 3%, or even more at highér temperatures(7), These losses
" inorease the cost of preducing bright-annealed gheets, and
therefore open up a field for the development of sultable
methoda for pfeventing stioking,

One method reported for overcoming sticking calls for the
ceating of the sheets ﬁifh_a one parcenﬁ solution of alkdline
metal sospa(8) before they are placed in the annéglingabex; At
the anneaiiﬁg“température, this separating medium is broken
down, leaving an inert inorganic residue which 1s not harmful
to the mright surfece of the metal,

The ﬁurﬁose of this work has been to investigate the fac-
tors eausihg sticking and to rind, 1f possible, a method for
preventing 1t, The economic as well as the practical side has
been considered in the gelection of sultable materials, It ie
obvious that, to have any'cqmmereial vniﬁe, the cost of treat-
ment must be less than the value of the sheets loat dus to
atieking. | o

Beeanse or the nature of this problem, the experimental
work and the diseusslon is divided into two parts., Part I
will embrace the studies of the faotors effecting sticking and
Part II will cover the prevention of stiecking,

(7) Confidential eommunioation
(8) 8. H, Bobrov, U, S, Patent, No, 2,132, 567 (Oct., 1933)




The furnsce used f@r the'annealing.ﬁaa'bf the resistance
type, rated at 55@9 ﬁﬁtts at‘22 volts, 'Iho'maximum temperature
obtainable waps about lé@0°F; The muffle was a vertical oylin-
der with an opening at the top through which the annealing-box
eould be introduced, The furnace was ingulated with 4% inches
of magné-ai_a and its bottom made of two 1ayei-s; of fire-briok, |
The outside walls and_top_were made ofslrransite‘_board;-

The loading arrangement ror'applying pressure to ths.
gamples being processed #as made_up as follows: A plece of 1%
inch pipe wae set up in a fertieal position and bolted to the
- teble which supported tho-rarngce; Thlg pipe oxténded_about
18 inches above the top of the turn;Ce'and ias slotted at thé;
top end, A ii inch *I¥ besm was ﬁtvotéd’in the alot and
extended across the oenter of the muffle and several inches |
past the edge of the furmace, The shaft that lead down to the
.annealiﬁg-bei“eontacted the beam at mid-point between the over-
hanging and plvoted ends, This arrangement gave a mechanical
advantage of two, thus making the load on the shaft equal %o
twice the load applied to the end of the beam, Figures 1 and 2
ghow the furnsce and leading arrangement as it appesrs during
sotual aperatien;.'

The annealing-box in which the sheete were processed was
made of two ctfcular pleces of casgt 1roﬁ; The .ecover of the béx
wag 5% inches in diameter and one inch thick with a rim 3/8 of
" an inch wide and 1/8 of an inch thick sbout the bottom edge,

A shaft of one irch pipe was attached to the center of the
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Figure 2

Annealing-furnace in operation,



’n

7
.

3

4

&

. g | . | " _@'H |

NY L _ Sectrorr 8-8

” ri
Scole 3=/

Assembled Anrneoaling Box
/C'/.'y. 2




cover for transmitting the load from the beam to the samples,
The bottom of the box was made of a 6% inch oircular pioeé-or-
cast iron with a BV" greove cut about the outer edge, When the
box was assembled, the rim of the cover extended down into the
groove of the bottom, When the two were fitted together, the
box was made alr-tight by filling the groove with lead, AL the
temperatures encountered in the furnace the lead became molten,
thereby allowing the pressure to be applied direotly to the
sheets in the box, Details of the box afe shown in Figure 3,
The tempersature of the furnace was measured and controlled
to within 4 5°F., by a Model 601, Wheelco ¥Oapsoitrol® controller,
using a chromel-slumel thermocouple with compensating leads,




EXPEBIHENTAL
PROCEDURE FOR A TYPICAL RBR

The sheet_stee1~used in this uerk was cold-re¢lled No, 18
American wire gage sheet of the following anslyeis:

Open hearth, mechanical capped, deep
drawing quality, 50% cold reduced,

—LML-

¢ ¥Mn P 8 8% Cu

.06 ,3 ,019 ,035 g
- Gheck Anslysie

¢ M P B BL Ou
.086 .26 017 .032 003 .060 %

The individual aamples of sheet metal were 3 x 3% 1nehes,
this being the largest slsze saﬁple that could be used in the
farnace and annesl ing-box,

In 21l runs three sheets of steel were used for a charge,
The sheets were cleaned by weshing with alcohol and then
thoroughly dried, |

The annealing-box was prepared for a run as fellowﬁ: The
bottom of the beox was heated over a gas burner until it reached
a temperature of about 500°F,, and then aet.on a level surface
in readiness for the lead to be poured into the "V groove on
its outer edge, Three used samples of sheet were placed in
the bottom of the box and the "V® groove filled with molten
iead; Before the metal solidified, the top was placed on the
bottom with the rim extending down inteo the lead-fllled groove,
The rim displaced some of. the lqad and left the groove just full

with'the cover in place, The whole box was cooled to room




temperature, -Thslﬁox*was eadlly_opened by lightlf tapping on
the bottom, leaving the lead from the groove adhering to the
rim of the cover, The clesn eamples to be”stﬁdied iere then
stacked on the bottom of thelbox and the cover replaced, The
annealing-box with the samples wae then ready %o bs.ohargod to
the furnace, _

The furnace was heated to about 1800°F,, and the annesling-
box then earefully lowered into 1t, The eover was then put on.
the furnaoe, and the *I" beam lovered across the top of the
shaft of the annesling-box, The desired waight was hung on
the end of thé beam, and the thermoscuple inaefted in the fur-
nace, The contreller wae then get at the desired temperaturs
for the run, N '

The temperature of the furnace usually dropped 10 about
1200°P, during loading aﬁd a time of sbout 1l# hours was

required to reach the annealing temperature, When the tempera-
ture reached the required wvalue the time was noted and the
samples held at that temperature for a predetermined perlod,
After tha.speeitied time had passed,.the.current wag ocut off,
and the samples allowed to cool to belew the relting peint eof
the lead seal, This was necessary in order to make the top
and bottom adhere to each other so that the box could be
removed from the furnace intact,

The box was allowed to cool %o room temperature before
opening. Thie was necessary because there waa.danger of
oxldation of the sheete 1f opened at too high a tempergtﬁre;-
Opening the box involved tapping the bottom and breaking the

lead seal,




This is the procedure for'a typical run and it ehould be
understood that the timé, temperature, snd pressure can be
varied as dcaired;' The method ﬁaed for ocoating the sheets in
-preventing sticking will be gifen An the section devoted to

digoussion of the runs using the various suspensions;




NVBSTIGATION OF FACTORS INFLUENCING STICKING
~ The three factors investigated were the pressure, the
annealiag temperature, and the length of time that the eheeta
 were held at the anaealing temperature.
| Each of these three factors was varled and observations
were made of the condition of'the sheeta_after treatment,

A search of the literature disclosed the fact that 1400°F,
1s the temperature most commonly used(9), and for this reason
it was chosen as the temperature at which to work,

?1rst the temperature and time ﬂebe held eenstant at

1400°F, snd ene hour respectively.and presaure varied from
10 1b./sq. in, to 25 1b./sq. in, A% 25 lb./sq. in, a satisfa.e-
: tory,degree of stleking was ebteined. The preassure was then
held conatant at 26 lb;/eq; in, for one hour, and the tempera-
ture varied, 2he temperature wes lowered by 100 degree inter-
vale until the sheets no longer stuck together, In this
manner, the lower temperature limit er stieking wag found te

be 1100°F, at 25 1b./eq. in, for one hour. The ‘temperature
and preeaure were next held eenebant'et 1199°P; and 25 1b./sq.
in, and runsg were made for five and twenty hours, A run was

algo made at 25 1b./sq. in, and 14ee°r; for three houra,

(9) J. M. Camp and C. B, Freneis: loc, eit;,_b; 963




DATA AND RESULTS

Run No. ‘Temggrature Time at Pressure, ~ ;5
’ Temperature | 1b./sq. in. Results Remarks
E — —— ]
2 1400 1 hour 10 Sticking Sheets oxidized near edges for about 3/16" ang sticking
occurred in these parts to a slight degree,
2 1400 1 hour 11 Sticking same as Run No. 1
3 1400 1 hour 12 Sticking Same as Run No. 1
4 1400 1 hour 15 Sticking Same as Run No. 1
5 1400 1 hour 16 Sticking No oxidation on edges. Sticking was localized over aﬁ
area of approximately .75 sq. in., and surface damaged
in this area.
6 1400 1 hour 17 Sticking Same as Run No. 5
7 1400 1 hour 18 Sticking Same as Run No. 5
8 1400 1 hour 19 No Sticking| Localized pressure eliminated. No oxidation occurred
| omthe edges of the sheets.
9 1400 1 hour 20 Sticking Slight sticking in oxidized edges and at points near the
center portions of sheet. Sheets easily separated.
10 1400 1 hour 21l Sticking Pressure evenly distributed over surface. Slight sticking
occurred but sheets easily separated. |
11 1400 1 hour 22 Sticking Sheets stuck tighter than in Run No. 10
12 1400 1 hour 23 Sticking Sheets oxidized on edges but sticking occurred in center
- areas., More difficu’t to separate than in Run No. 11.
13 1400 1 hour 24 Sticking Sheets bright and bending necessary to separate.
14 1400 1 hour 25 8ticking Sheets bright and bending necessary to separate. The
surface was badly damaged in separating.
15 1400 3 hours 25 | Sticking No apparent difference in the degree of sticking noted in
5 this and a 1 hour run.
16 1300 1 hour 25 Sticking Sticking uniform over shect but sheets not stuck as
tighgly as at 1400°F. o
17 1200 1 hour 25 Sticking Sheets stuck together but easily separated.
18 1100 1 hour 5 |No Sticking | Sheets in execellent condition. .
19 1100 5 hours 25 |No Sticking | Sheets in ex-cellent condition with no stickirg.
<0 1100 20 hours 25 [0 Sticking Sheets in execellent condition. .




DISCUSSION OF RESULTS:

The pressure required to preduce positive aticking on
every run was 26 1b,/8d. in;; sticking not being appreetsble
until a preseure of 20 1b;/sq. in, was applied, and even et
this pressufe"ths-shéatbgﬁéald_easily be sap&ratad; ‘They bécame
more difficult to separate as the presaure was increased to
25 1b,/8q, in.; at_whieh’ peint they were stuck together so ‘
tightly that destruotive;béndingmﬁas_neeeaaary_te_separata them,
These sheets were so badly damsged in separation that they
wbﬁld have no eemmercial~valué; It was for these ressons that
28 1b,/sq, in, was chosen for testing the effeetlveneag.of
-materials in preventing sticking, Even though this pressure is
nearly twice the average'pressnr&wenoenntered'1n actual prac-
.tibb, localiged pressure might easily reach this value in 2
stack of large ahoqta;._' |

As the %omperﬁtare_uas lowered from 1400°F, and the pres-
sure held constant at 25 1b,/sq. 1in,, the degree of stiocking
became progressively less until at 1100°P, stioking no longer
ceourred, This was the lovwer temperature limit of atiéking for
25 1b,/8q, in,, and 1t olosely colncides with the lover tem-
perature 1imit for box-annealing,

Runs made at 1100°F, in which the temperature wee main-
talned first for five and ther twenty hours, caused no sticking,
A run held for one hour at a temperasture which produced stick-
ing exhibited sticking as severe as one held for three hours

under the same conditions,




Since some of these runs were held for times far in
excess of that usedii?a___fﬁ:ﬁa’etioe and since extending the time
produced no change, itis apparent that the time faotor is a

 relatively unimportast ons, | | B

Figure 5 shows the pel:.shod edges of ahoets that stuak

| together at 1400°F, a,na. 25 1b./sq. in,
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right anglas to eaeh-athasgi The epanlnga-ware-eaiered with

One end of the rotar~waspeenneated direotly to a qaarter horge-
power motor and the other supported by a brass bearing in the
bottom or {the cantainer. Figure 4 ghows the mixer, -

. The first. susponaien.preparad was from "BC Vololay®, which
had the emsllest partiole size of all the powders used, in
making the first anspoaaion an effort was made to adJuat the
coneentration go that. there would be enough particles present
to-give 2 layer over the sheeb one particle thiock, Other sus-
pensions of this powder were made by adding oil until one of |
approximately enpqhalf_ﬁhgvprevieus concentration resulted,
Fach of these auspansiona-waa tried og the sheet metal in the
furnsce and the behavior of the various concenirations obaerved;

After a number of rums in the furnace, 1% was found that
falrly low congentrations Were suoccessful in preventing stick-
ing; hence it was obvieus that high-coneentrationa of the
sugpensoids kIOcd. not be. nﬁe&.‘

Tﬁe suspensoids weraufound to settle in a relatively short
time, indiocating that it might bs-advantagéoﬁs to attempt to
stabilize the guspensions, ﬁhen these suspensions brake'dawn, a
layer of clear oll was formed on the surface, The meno-glyceride
of coconut oil, a naptha soluble material, was tried as &
suspending agent for those solids whieh showed péomise in pre-
venting 3t1@king; it ﬁns found that, in order for the
stabllizing effect to be hotleeable, 6% mono-glyeeride had to
be present, and nndof.these-eanaitiona_ﬁhe suapensclds settled

in two days, This was an improvement as far as the permanence




of the suspension wag donoerned, but 1%t was found that the
presence of the moﬁaﬁﬁﬁTG%ride caused the aheots to bo very
badly stained when coated with this anapenaion amd anaealed.

The sheets wore-geattd.by dipping. Sinee ths.gnspensions
were mot gtable, and sines a clear layer of oil formed on the
surtaée 1n-sattlingidit'iﬁ~abV1ous thet, in the industrial
appliaation of th;ﬁ.mﬁﬁﬁﬁd-er-eohting gheets, continuous
agita%ién of the ansyﬁiii@n*ﬁbuld be necessary; othovﬁisa the
clear layer would have 8" tendenoy to wash the saapendea
particles off of the shsst when 1% was withdrawn from the bath."
The suspenslons were %hﬁ?@ughly mixed and ‘the time for a layer
of c¢lear oll about 1/16 of an 1neh thliok to form en the surface
was @etermined, l:-'~«ﬁ s | ) _ |

- I% was found in_é#éfwzaaae that the lengeéf time was
required for the olear I@yer to form on the lowest concentra-
tion of suspension, 'ﬁgier—groand mica®, "Micatone B-1000W,
*Dry-ground Miea®, and:magneaiam oxide required longer aottling.
times than the soapstone and the twe grades of benténiteJ

It was alsc noted that, when the suspensoids had settled
out oompletely, the ease of resuspending was in the follewing
order: All grades of mieca, magnealam oxide, FBC Vololay",
TArgosite Glay" and 'Alberoyd. Clay®,




ed thovoughly by washing with
The shee’s were dipped into the aniform

_fhree gheets 1_
alcohol and then ari

then stacked together, _' Pressure
sheets .tn ar&ar o rorea eut the
e’x"eeé'-s':' material ’b‘é"3"' The top and bottom sur:l'acoa er

tha staek vere wiped
on these sarfaces, les vere then plaoed in the anneal-
ing box and charged. %o ¢lhe furnzcs as desorﬂ.bod An the section
_entitled nProeedara f@ & "1oa1 Run. | | o '
. e was 25 1b./sq. in. , a.nd the time
ui was 11.@9"5‘ 'anless atherwise

iere maae wﬁ.'sh each suspension an:l

. ong hﬁ?ﬂr o Th‘ tamp
‘indteated. Duplieat:
triplieate runs wj.th

‘Brapensions that showed premi-se of
‘being nseful, | |

4 any. suspensian that might be left




: DATA AND RESULTS |
[Run No. Material Concentration| Settling| Temperature| Time at the Pressure,| Results Remarks
L& lof Suspensionl Time* oF; Temperature] 1b./sq. in. v .

21 0il only ———— ———— 1400 1 hour 25 Sticking Sheets bright and unstained buy stuck so tightly
together that bending necessary to separate. The
surface was badly damaged in separating.

22 "BC Volclay" 10.80% 94 sec. 1400 1 hour 25 Sticking Slight sticking occurpéd at varfious points over

23 (Bentonite the surface. The bentonite migrated to points of

1 high concentratior over sheet. | The sticking was
in the vicinity of these areas pf concentration.
Excess powder difficult to clean from the surface.

24 n 5.80% 120 sec. 1400 1 hour 25 Sticking The surface was slightly roughened and easy to

25 clean of the excess powder. The sheets easily
separated.

26 n 2.72% 190 sec. 1470 1 hour 25 Sticking Surface undamaged and sheets eaplly separated. .

27 The particles of Bentonite migrited to areas of

= 7 > concentration.

28 "Argosite Clay™ 9.76% 84 sec. 1400 1 hour £5 No Sticking | The surface was roughened and the clay was con-

29 (Bentonite) centrated in small areas. The pheets very

300-mésh hr difficult to clean.

30 n 5.12% 95 sec. 1400 1 hour 25 Sticking Slight sticking on opposite sidp of sheet from

31 areas of high concentration of play. The surface

! was slightly roughened and very| diffieult to clean

32 =y 3.26% 160 sec. 1400 1 hour 25 No Sticking | The surface was undamaged and epsily cleaned of

33 the excess powder by brushing.

24 " 1.58% 570 sec. 1400 1 hour 4 25 Sticking The surface was undamaged but the sheets were very

35 ' ‘ difficult to separate.

gg n 2.26% 160 sec. 1600 1 hour 25 No Sticking | The sheets did not stick but wepe badly discolored.

j ﬁ=::f F= — — — — #

38 "Argosite Glay 10.96% 2 sec, 1400 1 hour 25 No Sticking | The surfuce was undaraged but dpe to the clay

39 _(Soapstone) being concentrated in small arejs over the sheet

300-mesh they were difficult to clean.

40 n 6.168% B85 sec. 1400 1 hour 29 No Sticking | Again the clay concentrated in pmall areas making

41 the sheets difficult to clean.

42 " 3.69% 90 sec.| 1400 1 hour 25 No Sticking | The surface of the sheets was |n exeellent con-

| 43 dition and was easily cleaned by light brushing.

44 " 1.85% 420 sec. 1400 1 hour 25 Sticking The sheets were very difficult o separate and

| 45 the surface damaged in separatipg.
- condition exccpt for this,

#The time for a layer of clear oil 1/16" thick to form on ;

“the top surface of the suspension.
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DATA AND RESULTS (Cont'd.)

Run No.| Material Concentration|Settling| Temperature| Time at the Pressure,| Results Remarks
of Suspension| Time#* °F. Temperature| 1b./sq. in.
——— ;:— e
48 "Argosite Cley™" 3.26% 2 days 1400 1 hour 25 No Sticking | The surface of the sheets was stalned a dull-
plus 6% Mono- brown.
glyceride of
Coconut 0il
49 "Alberoyd Clay" 3.69% 2 days 1400 1 hour 25 No Sticking | The surface of the sheets was stained a dull-
plus 6% Mono- brown.
glyceride of
Coconut 0il
— —— — — = ——— S e = S e o —t
50 "Water-ground 7.00% 90 cecs 1400 1 hour £5 No Sticking | The surface was in exeellent condition and the
51 Mica" residual mica powder could be removed easily.
52 " 3.5% 260 sec. 1400 1 hour 25 No Sticking | The results of this run are same as preceding run.
53 i 3.5% " 1600 1 hour 25 No Sticking | The sheets were in excellent condition and the
54 residual powder could be removed easily.
——— Y -  — — — —  — —  — 3
55 "Micatone 3.50% 390 sec, 1400 1 hour £5 No Sticking | The sheets were iIn excellent condition and the
56 B-1000" residual powder could be removed easily.
(White Mica)
S7 R 3.50% " 1600 1 hour 25 No Sticking | The surface of the sheets was in exeellent con-
58 dition and the residual powder could be easily

Hotl b SR

removed.

59 "Dry-ground 3.50% 330 sec. 1400 1 hour 25 No Sticking The surface of the sheets was slightly roughened.

60 Mica", The particles of mica appeared to have been forced
No. 250 Grade into the surface of the metal.

61 " 3.50% 330 sec. 1600 1 hour 25 No Sticking | The surface of the sheets was rougher than in the

62 run at 1400°F.
63 Ethylphenyl | = «e—e- ————— 1400 1 hour 25 Sticking

The sheets were stained very badly and bending the

. 64 Stearic Acid sheets was necessary in order to separate.
=q=|===:$‘——ﬁ — e |
65 Phenoxyphenyl ———— | e 1400 1 hour 25 Sticking | The sheets were stained very badly and bending the
66 Stearic Acid sheets was necessary in order to separate.
F___m —=
67 "Oildag" L0352 gm, —— 1400 1 hour 25 Sticking | The sheets stuck together very tightly and were
(Colloidal 100 gm. oil damaged in separating.
Graphite)
68 " 0704 gm, | ====- 1400 1 hour 25 Sticking | The sheets stuck together very tightly andi were
100 gm. oil damaged in separating.
e ——t= = =
69 Magnesium 1% Solution 1400 1 hour 25 Sticking | Sticking appeared to be as bal as when oil alone
Stearate was used to coat the sheets.

*The time for a layer of clear oil 1/16" thick to form on
the top surface of the suspension.
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DATA AND RESULTS (Cont'f)
Run No. Material Concentration |[Settling Temgerature Time at the Pressure,| Results Remarks
o d of Suspension| Time# . Temgrature 1b./8q. in.
— e ﬁ
70 Magnesium 3% Solution _— 1400 1 hour 25 Sticking |Sticking appeared to be as bad as when oil alone
Stearate was used to coat the sheets.
731 Zinc Stearate| 1% Solution | =—==—- 1400 1 hour 25 Sticking |[The sheets stuck so tightly that bending was
necessary to separate them.
72 n 2% Solution | —=-—- 1400 1 hour 25 Sticking |The sheets stuck so tightly that bending was
J= necessary to separate them.
= ——— — B —— __-.—_______;———;__.—_——___—.——1
73 Magnesium 3.50% 205 secd 1400 1 hour 25 No Bticking|The surface of the sheets was stained a light
74 Oxide, 250-M. % brown color.
75 n 1.75% 295 sec 1400 1 hour 29 No Sticking|The surfacc of the sheets was stained a light
straw color.

#The time for a layer of clear oil 1/16" thick to form on
the top surface of the suspension.




DISCUSBION OF REBBLTB:

Bheets Gogted g g;,;l,, Q__
?he sheets came ‘from. the furnace bright and unstalned but

| were atuek tegether 80 tightly that bending and badly aanagiag
of the surface:una necesaary to separate them, This run was a
eont:ol;qnd shevbd that the oil alone would not discelor the
surface of the metal or prevent sticking, and hence eny run im
which astieking was préventbd or discoloration ef the mﬁtal
eeeurred was dne to substanoaa added to the oil and not %o the
oil alene.. - | | |

"Bg Vofielgx_' (,Bentonise)

10, 39% Buspenaien

- The surfacé of the metal was bright, but slight stiecking
oceurred at various points over the sheets, The bentonite was
found to have migrated to varicus points over the surface and
to have formed high concentrations of powder at these points,
It is réas@nahle to believe that.aticking oceurs at points on
the opposite silde of the sheet from these areas of concentra-
tien, because of the lQOaliked presaﬁre-pradnced there, The
excess powder, at thaae_péints of concentration, was very
éifticuit to'rembfe from the surface, It may be soncluded that

this concentration of guspensien 1s too great to bhe of any use,

. Eﬁﬁeﬁ'Swﬁpensien | |
Altheugh the dﬁeﬁtd*ntuek together, they were very easily
noparated and eleaaed of the: exceas pewﬁor‘ The surface vwas

found to be roughened blightly. This roughening of the sur-




face, as well as the elight éf;ekigg,'rendered'this suspension

of no value.

| 2 ?2$ Suspensien o
Ehe sheets were stuek alightly but eonld be easily
aeparated The powder residae~waa again round te be eoncen-
trated in several small areas over the sheet but the surface
remained undamsged, Thg stiekiag was great eneugh to preclude

use,
*prgosite olay®, (w@-gesh Bentoni te)

9 76% Suspension

8light sticking eoeurred and the surface was slightly
‘roughened, The bentenite- _,wa.s:._t@nnds to be concentrated in amall)
areas soattered over the surface of the ﬁetai-an&Qattaking
appesared at points on the epposite 6ide of the sheet from theae
areas, ?ha surtaee was damaged 1n oleaning off the residual
powder, as it was neoeasary t@ sorape the powder off in aeme
plages with a knire. The suspsnaion is of ne value beoausq ot
the dlrrieulty encdunteredﬂin elégning and th§ alight stlekihg;

8;125.3n990n510n3
Agein theﬂbentonrte-bécaﬁo concentrated in small areas.
over the sheet and slight sticking ocourred at points on thc
opposite slde or the shaet fr@m thege areas.' Ths surface was
8lightly roughened in plaoes and the sheets were very Aiffioult
to ¢lean,  The ooncentration of the auspenaion appears te be

8till too high, as in the eauo er the - preoeding runs,




'!.
.26% Buapenaion “

¥o atieking eecarred when ‘this ooncentration was used.
.The surface was in good eendition and_qasily eleaned of any _
'feaidual powder By light hrnshing;‘ The éxcens powﬂpr_ceuld not
be detected on the surface until 1% vas rubbed with a white
eloth;QJThere.were na_ﬁoints 6! high'éeneentration of paﬁﬁer;'.
This_suspensiah.ahows-premiad and would be:réoommeﬁded-had-net'
a'ehoaper oﬁe been found, Figure é showa the polished edgos of
sheets which were prevented from stieking.

1;58% Buapenaien _

The reaidﬁal powder éppa&rod to be evenly éiatributod, ut
the snspenaion was not ooneentrated enongh to. give complete :
preteetion to the anrraae, honco stioktng eoenrred in the unpre—
tected pertiona. Thia rnn givea the 1imit below: whieh the
guspension will not prevent stieking. |

B 3 265 Susponsien, 1eee°? |
~ Even thbugh the sheets-did not- stiek togethar, they were
| badly disoolerea rhis ﬂisooiarati@n was prebahly dne ta the
bentanite breaking down at tHe higher temperature anﬁ oxidizing
the sheet metal, This run showa that bentanite ia of no value

in hlgher tempsrature wbrk

E 10. 96% Buapenaien ) - | |
" No sticking oeeuamﬂ tat’ ﬁhe aheets were very dirfieult %0
~elean of the exeesa_sﬁﬁpstdham_ It was conosntrated in small
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Figure 5,

Edges of sheets stuck together a2t a pressure of

25 1b./sq, in, and s tempersture of 1400°F,

Note: Sticking along line near top of picture,
(Magnification x 40?

Figure 6,

Edges of sheets which were prevented from sticking
by use of 3,26% suspension of "Argosite Clay",
(Magnification x 40)



‘areas over the shoet, Jaat as 1n the ¢age of the highar ooncen—'
trations of bentenite. The ' dirficalty in aleaning excess

powder from the surfaoce makea.this eonoentration of no value, .

| .16% Buspension o -
The powder was oonoentrated in- amall areas over the ahset'
's in the ease-of the 10,96% suspensien, but-tha.ngmber of
these areag was eonsiderably lees, . E#on-though thera ias no -
stieking at this eeneentratien, ths eleaning or tho surraee was
too dirficult to warvant its use,

| 5 69% Buapension o | |
The aheets did not stick at all, could be easily eleaned
by light brushing, and the anrtaeq was in exoellent oondition.
The excess powder was Just baraly vigible and evenly distributed
over the surface of the metal. This caneentration of suspenﬂoﬁd
shows promige and 1% :La cheaper than the 3 255 '&rgesite Glay' |

suapensien.- '

_ 'léasﬁ;Sﬁspeﬁﬁioﬁl o
The-sheets'hfuek tightly tegether and were very difriéalt'
to separate.. Their surraoes were bright but thay were damaged
' 1ightly in separating. _Tha eencentratien or the suspension is
apparently below the 11mit o oenpletely protect the aheets.

3, 695 Buapensian, 16@9 F
At this temperature stieking did not oeeur but the gur- .
face was badly discolored; thie vas probahly due to ﬁhe soap—l'
- stone breaking down gnd.ex&éizing_tha;surfaae._ The surraee
was alse slightly foughpﬁed'bjfthé sé#ﬁstone: It may be oon-




oluded that "Albercyd Olay' ie of me use in higher temperature -
work, | o | | |

"argpsite Qlay®, 300-mesh, 3,26% guapension, 6% Mong-

o . glyceride of Gooonut 011 |

Although no aticking occurred the aheéts were badly atained
to a dull brown color, whis diseoleration was not notod when
_thn'mene-glycer;ﬁé vwas 1art-eut.or-the-auapensionwso it can be -
agsumed that the diéeelaration_ﬂas due to the presence of the

mono-glyceride and not te-thpabentﬁnite;_ The geno#giyceride was

g very satiataetery aﬁbpeaﬂinguggent,'but the'faot.that it dis-
colers the ﬁhsets will_prevent 1tsfuée 1n praotieeé--

'A;Eeraxdgg;gz' ; g% §nagensiog, _% gona-g;xoeridg

er gooomt 011 }
~ The resulte of this run eheck the preceding run with . i
 ®Avgosite Cley" and the same conclusiohs ean be drawn about the

mono-glyceride,
.Olﬁ Buapenaion _
Ko stieﬁing osourred with thig consentration ana the sur-

face was bright nndamaged, snd easily cleaned of the residual
powder left there. Thia suspension ahows great promise.

3 59% Buspenaion .
The sheeta came from the rurnaoe in excellent conditien
and no sticking oceurred. It is believed that this auapension
would serve aatisfacterily 1n praetloe and that the mioa

o5




_eoncéntrat&ﬁﬁﬁiﬁ“dﬁoée;td the optimum; oﬁly a-sﬁa11-ameunt of
foeidual-p@ﬁﬂ%riﬁuifleﬁt—an=fhe-surraee'ana it eeuld easily be
eleaned by light brnshing, making it satieraetery in all

respecta,

-3, B@% Suspension, 18@0°F. |
The aﬁrraée wag in exoelleﬁt condition and no stieking
whateoever oédnrred Tha xheeta were alae easy to clean of
the residnal pewﬂar.' !his material is reund to ba useful far
a1l temperatarea up to 1600°F., which is the highest tempera-
ture ever used 1n_bax-annea11ng.

lﬂioaﬁone 1000%
| 3 5@% Buapansion ' _
The sheets were in exeellent aonditien and no stieking
oacurred. The eoncentratien 18 rouna to be vary satiaractery

for proventing atieking. -

3;59% suaﬁension, 1800°P, .
The sheeta dld net stick at thia temperatnre and thay
. Were found te be 1n as goed oanditien aa shaets heataa to
only 1400°F, This material 1s found te be exeellent for all

annealing temperatures.

"_rr_sLatlELa" E_. ?&m
5.50% Suspeneion
Ne stieklag oeeurred at this eoneentration but the sur-
face of thz sheets was rwushened to some extenx. This | |

'ruughening was probably due to partioles er niea being pressed

24




into the auffaeé of the meeal.  The material is of no valua-

becauvse of the roughening effeot,

5.5@% Suspension, 1600°F
The runms at this temporature oheck th»se at 1400°P,, -
exeept ror the faot that-the surraeo ﬂas slightly roughsr. o

 Ethylphenyl Stearic Acid
This material was applied rull strength ~ The sheets

stuok togethar as tightly as if nothing hed been used on them,

Ehe surface of the metal was ssained a very dark brewn. This

substance is of no use,

-ghenagxp. enyl Stearle"geid
The runs with this materisl oheok the results obtained
with Ethylphenyl Btearie Acid, These two compounds have

recently been synthesised and have exhibited good temperaturo

resistance, bat 14.0°F. is apparently too high for then.

~ "olldag” _
.0552 gn./l@o £R, 011

The'énrfaces were bright but stlcking eoanrrod_te such -

an extent that they were elightly damaged in separating, This

suspension was of such a concentration that 1ts cost was
comparable to the other suitable materials, |
. 0704 gn./100 gn, il
- B%icking ecourred and bending the sheets was necessary to

aeparate them,

25 1
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. Hﬁggpsiumfstggratg
1.00% and 3,00% Solutions i
8ticking oocurred with bath'éonéontraﬁiona and the sﬁrraeo-
wae br;ght but damaged. The stiekiag wae about the same as At
911 alone were used, A 1% solution is reported to wnrk well,
but it is found that even a 3% salution does not work under ths
'eenditians used in these testa(l@).e |

Zine Stearate _
1,00% and 3,00% Solutions
The results of these runs check those for Magneslum

..3tearate;,

| 3.50% and 1,76% Suspensions |
‘With the higher:cancenﬁratign,'no-stieking essurred but
the surface of the sheets was badly stained, With the lower
eenoentratian tho ‘same traubla vas experieneed, but not to as

great an extent as with the 3.50% suspension,

(10) 8. H. Bobrov: loc, oit,
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COST OF MATERTALS

T6x800 SPINALE OLL "BY . .0eieereesscnsnssncsesss 20.1¢/gal,®

The Texaa Company,
Pert Arther, Texas

“Argesite Glay' 300-mesh bentonite ceesarersenss

United Clay Hinea Gorporatlen,
. Trenten, N, J,

"Alberoyd Glay" see-mash aoapatone beosebssens .'.
Alberene Stone éerporatien of Virglnia,
Schuyler, Virginia

"nieatﬂﬂe 3-1999’, .0..‘0.00...00-00-00000000101'
'water-grﬁund mea P SEBOEPI I I EIEEBIEIBIEN OGP
The Englieh Miea Co,,

gSpruce Pine, N. C.-

# Tank car lots delivered in Atlanta, Georgla
##* Ton lots deliverad in Atlanta, Georgia

'2;085¢/1b;**

0. 3¢/1b **

5.,0¢/1b #*
8.62/1b %

e ,_.\m.‘..w.;l.,,_ .« g

AR T RS it - et TR T D

=k LmESic
P o il

Euriny

Kot 135




gﬂMPLE CALCULATION FOR COST OF SUSPENSIONS .

Argosite CJay, 3. 26% by welght

Price: 2.085¢/1b. |
Sp. Gr. of clay = 2.75 ~ Sp. Gr. of 01l = 0.897
.86 = ,0837 1b, solid/lb. 0il

06,74 . S |
.0537 X 8.34 x }897 = .252 1b. soii@/gallén 6f 01l

.252 x 1728 = 2,54 cu. in. of solid/ gallon of oil
2,75 X 62,4 .

231 + 2,54 = 1,01 gallons of suspénsion from 1 gallon of oil’

231

Cost of solid/gel. oll _-.?52(2.085) =, 525

Cost of oll per gallon = 20,1
Total Cost/gallon of oil = 20,625 ¥

Cost of Suspension/gallon = 20.825 =-20.4515

Cost of meterial to coat one ton of sheets:
Weisht of suspension to- coat one 3 x 3-1/2 in. sheet =

645 gms,

4645 x 144 = 8,54 gms /sq. ft. of sheet metal
2% 5.5

Thickness of sheet = .04 inch.

12 2000 = 1225 sg. ft. of sheet metal/ton,
.04 48_;.9 N |

'1225(8,84) = 23.91 1b, of suspension/ton of sheets.

455.6

"Weight of suspension/gallon = 7,47 + ,252 = 7,63 lb./gallon'_

1. Ol

Coat of suspension for coating i_toﬁ = 23.?% X 20.45
+03

il

64.2f

28
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SUMMARY OF COSTS

o T Cost/ten
: . Concentration = Cost/gal,  of sheets
Material o - of Buspensien _Cents . . __Cents

PAFposite eiayl- ) 3.26%
"Albereyd Olay*® - B.69%
“Nicatone B-1000% Z,50%
"Water-ground Mica®  3.60%

20,45
20,08
21,34

21,47

64.2
63,0
66.8
ev.2

s o ——
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ﬁeN_LHﬂIQHS-AHB‘REGQKKEHBAﬁI@HS

@nly rsnr er ths matsrisls stuﬁied in this investigation
were suitabls ror uge in ths preventien or stisking._ !hsse.
materials wsrsz | - o

| 'Argaslte Glay“. 3i26% suspsnsios

'Albarsyd Glay' 3. 69% suspensisn

*)M1catone B-l@@ﬂ', 3, 5% suspension

"Water-ground Mica', 3.5% suspension

In arriving at s ssnolusieh as to which of the materiais
is best three faetsrs are of prime 1mportance: (1) the ease
| sf maintaining a nniform suspensian, (2) the eost of ths sus-
| pensisn, and (3) tho temparatura range over whioh the material
is nseful. B | T ' .

| 'Albersyd Glay' and 'Argasite Glay' saspensisns are bath
1imited 1n use to teuperatures of about 1490°F. and lswar. ‘The -

'Albsroyd Gla3' suspension 15 slightly eheapsr than ths N |
'“Argesito Glay' suspensisn, bat this slight dirrorense 1s sfr-
set by the taot that ths rsrmsr ssttles more quiokly and 1s |
more aifficult ts resnspsnd than the lattsr, henoe unuld
require a greater amount of agitation to maintain 2 uniferm
suspension, For these reasons beth suspensiocnre are recommended,

Both miea suspensions are useful up to 1600°F, No
difference was noted in the-suspsnding qualitlies of the two
matarials' hsnss, "Micatone B-le@@' is rssomnended bssause 1t
is cheaper than 'Water-greund Mica¥, | |

Because of the diffsrenss in cost hetwsen the two clay

suspensions and the mieca suspansians, 'Albersyd Clay® or

W m = e Lr LT e o i v e mp e Ny
I T T R T T IR S e U el L e b e i et R - el ooz o= ==




Wargosite Clay" iﬁmulﬁ-be-ﬁﬁeajrer temperatures up to 1400°F, <

and "Micatone B-1000% from 1400°F. to 1600°F,

It is suggeated that & eheaper metho& of coating the
sheets might reault from the use of rubber rolls instead of
dipping; Sueh a mothad uoula have the advantage of givlng a

continnous proceas er eaating gheets as well as supplying

' smaller quangigieg of suspensiana to the.surraee et.ths metal;. 

In using smaller quantities of suspenéiona on the surface of
the sheets the concentration would probably have to be
increased, thﬁa lowering the cost of ceating, sinee the cost
of the solid materisl is nogligiblefin oemparisen with the
coet of the oil, Only one grade of oll vag used in this work,
.bnt it 15 prohahle that a much dheaper 011 wonld work.

8ince ths aeareh ror eempletely suitable snapending agaat
proved truitless, fuarther work could be dene to improve the
quallty of ths saspensiona by rinding euch sn agont, and
theraby oliminatlng the eoat of agltation. It is suggested
'also that wnrk en this preblem could be eentinned profitably
by 1nvest1gat1ng the poasibility of using e eheaper 911 and

ether methads of applying ﬁhe susponsions to the sheets,

Sl
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the thermoeeuple uaed with the eontreller was a ahromol-- :

alumel coupla cenneeted to the instrument with eempenaating
leads, ' '

. The ealibration wae made agalnsat the melting pointe of the
fellewing matorials:

Material | Melting gg_;L, _z.

M R . 4498

Bismuth | 519,8

Lead - ez0,8

Zine | - 7es.2

Eﬁtinohy | _ 1166,0

Baaium Ghlorlde s 14?9;2

Barium Ghloride  1763.6
Copper . ____'_ 1981 .4

The eontreller was calibrated by an 1ndirodt-mefhod.1n
that a chromel-slumel thermocouple wae ealibrated, using o
petentiometer éot—up,:and then using this thermeocouple in fha
furnace along with that on the contreller,

The procedure rof the ealibrﬁtion wag as fﬁllbﬂu; |
The thermocouple was placed in the molten mgteria1; tha'sub-
| stance was than-aliawed:to ceol ﬁlewly and'reaaings 1n-m1i11;.
lefs were taken at 10 sec. intervals until the material had
_solidified; The temperature at which the resdings in milivolts

became constant was taken ae the melting peint of the material._

The oallbratod thermocouple was then 1nserted in the
farnace, along with the thermooauple.fron_the-oantroller,-and

33 .




_the temperature was allowed to'rise.. In this manner, the
eontroller wes checked against the ealibrated thermocouple,
and found to be 1n‘dleét1ag the correct temperature,
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BIBLI@ GRAPEY

Preating of Bteel, Garnegie Ste_eT

(1) Bhamwn, aet |

(25 3. ¥, camp-'._iana ¢. B, Franéts, Ths min
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“County of Fulton

State of Georgla

This is to certify that Thomas Jefferson Daniels 1Is known

to me personally ahd that he has appeared before me at Atlanta,
Fulton County, Geargla on |May 21, 1940 and haa sworn that
this paper, his thesls presented for a master's degree, entitled,
"The Prevention Of Sticking In Bright-Anmealing Sheet Steel,"
including the manuscript, blue prints, ﬁhotographa;'ia an exact
record of work originated and accompllshed by the' aforesaid

Thomas Jefferson Daniels at the Georgla School of Technology
beginning in October 1958 and completed April 30, 1940,

L4

.
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Sworn to before me at Atlanta,
Fulton County, Georgila, this
21l day of May, 1940.

]
/ f

\aghet Notary Public, !"i{rl County, (qu:‘a.
My C 1 :

“eb, 5, 1944,




