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Do ion ,

The No. 4 pickle line now being buil* by Head Wrightson for B8C
Ebbw Vale Works ‘is described.

A discussion of the main factors influenoing design of a modern
high-apeed pickling line is presented,

2.1 Coil Sime/Outputs : The relationship between line spevdis and
scceleration, time required for.welding, and coil length ie
considered. The main factor which determines output and
line speeds is the length of coils : large coils are necessary
for high outputs.

2.2 Control of trip ypeed and Tension : A gcertain minimum tension
is required for good tracking. Effects such as viscous dreg,
drag owing to bending of sirip around rolls, and friction in
undriven rolls cause an increase in strip tension,

Acceleration forces can give rise 1o extremely high tensions
and great care is nceded in selecting acceleration rates.

2.3} Sirip Steerinz : Steering rolls are placed in critical positions
?u ihe line, such as at the ends of the long horisontal rune
in the storage loors. A novel type of steering roll is emplayed.

2.4 Support Structure and Tanks : The kbbw Vale pickle line is proe
bably unigque because it epans a valley between the hot and cold
mills. The line and its support structure are carried on &
bridge. The intoraction of the pickle line structure and the
bridge siructure is described, together with the method for
dealing with thermal expansion.

Structure columns are positioned above bridge colusms and the
tanks are designed to be self- upporting betwesn these colwme.

2.5 Process Section : Choace ef acid strengths and temperatures,
tho use of an entry hot-water tank for preheating, and the
method of fume extiraction are explained,




l, Line Description

This is a continuous pickic line using Lydrcchloric acid and is designed to
operatc at procesa spceds ¢fup to 105 metres/min (1000 ft/min), The
entry section is motored lor rpecds up to 762 metres/min (2500 ft/min)
and the exit s.ction up to 356 metres/inin (1300 ft/ min).
The strip varien in wi-dth {rer 5.0 mm (24') 10 1320 mm (52") and in
thickacss from L. 2 mm (. 048") to 3.7 min (. 145"), although the shears and
edga trimmers arc d:uigned to handle girip up to 4,75 mm (. 187").

The line layout is shown in Fig. 1.

Coil Loading

Coils are l:;rought to the line with beres horizontal, on walking beam
conveyors, each of tae two pay-cif resls being gecrved by @ separate
conveyor, The coils are trans/erred from the cnuveyors to the reels by
hydraulically operated couil carriapes fitted with *U° ehaped cradles which
wre dasigned to 2ccept the moving conveyor beam in ite cxtended position.
The two reels are at different lavels, ard the vertical disposition of tha
oels and carriages has been so arranged that frr No,1 Pay-Off Reel ti*2

carriage cradle is in the maximum lowered pcoition when taking the coil

from the conveyor, and ther raises it tha level of the reel druma, For
No. 2 Pay-Off Reel the carriage crndic i in its maximum raised position,
und the coil is hence lowared to bring it in line with the reel drum. This
use of the ultimate top and bottom cradle positions obviates the necessity

for the operator to sct accuritely the cradi= positic 1 for coil loading.
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£ach Pay-Off Reel is followed by an Uncoiler Leveller or Flattener equipped
with two pairs of pinch rolls and fiye levelling rolis,

Coil opening and strip feeding is ancisted by the use of a coil opening knife
situated under ecach flattener and an undriven snubber or restraining roll
ectiug on the top of the coil, working in conjunction with the uncoller drive,
A separate backed-up breaker roll can be brought into use when the strip
has been fed through the flattener to assist in smooth un..inding of the strip
and to minimisc the effect of ' ojl breaks" on strip prone to this defect,

+» secondary effect of the breaker roll is in scale cracking, and each
flattener is provided with water sprays on ~ithar side of the strip between
tke firot and second rair of pinch rolls to prevent 2 dust problem, In order
to keep the distance between the two pass-lines to a minimum, a double
shear ju inciud-.d comprising one up-cut and one down-cut shear, All
blades are intarchangcable and are mounted ir cariridges which can be
removed, replaced, und lucke in position from the side of the line. Both
rhears are provided with entry and exit pir.ch rolls; one roll in cach set

is driven at threading speed by a D, ¢, motor, and ihe shearing cycle is
operated by manual control on 2 gt» rt/stop cycle. ‘The tahle immediately
following each shea~ s arranged for upward pivoting, allowing cut sheots
up to 6 ft, long to feed onto roller tables running at right-angles to the line,

und discharging shects into a #xip,




Provision 18 made at the double shear f[or the removal by hand of emall
pleces of strip from the leading edge of the strip to check for laminatioas.
Welding

A squaring shear ie located at the junction of the upper and lower pass-
lines. This shear, provided with centring side guides fore and aft,accurately
trims and "squares' the lead and tail c¢nds oi the strip prior to welding.
Scrap pieceo fall down either side of the shear into a skip mounted on a
hydraulically operated trolley

The welder is a4 Taylor-Winfield flash butt type, built by A I Welders Ltd
of Inverness, with weld scarfer, strip notcher, and entry and exit looping
rolls. A pinch roll unit and humping roll are provided after the walder

to aseist in positioning the tail end of the strip in the welder,

Carry-Over Tables

The gaps between machines are spanned by tables comipricing a series of
polyurethane~covered undriven rolls. To obviate marking of the strip
caused by the strip intermittuntly contacting closely pitched rolls, the
rolls are widely spaced, thus ensuring that all rolls are contacted, and
the spaces between are fitted with machined castuircen plates set helow
the pass-line.

The strip travels from the entry section via a 3-roll bridle to the entry
storage loop which helds sufficient strip fo. approximately a two minutes

stop of the vutry section with the process section operating at full speed.
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Steering rolls are provided going into, between,and leaving the loop. The
top strands of strip in the loop are supported on rolls niounted on swinging
arms provided with a recently developed retraction mechanism giving a
harmonic motion of the arm, the main purpesc of which is to eliminate the
shock loading previously asscciated with this type of car-actuated support
roll (Fig. 2).

Process Section

From the entry loop, the strip travels via a bridle followed by a tensiometer
roll to the pickle section comprising a hot water pre-heat tank, four acid
pickling tanks, primary &nd sccondary spray rinsc tanks, and a hot water
dip tank.

This process section has been designed to operate on conditions specified
by the BSC as given in Fig. 3.

The tanks are mild stecl, rubber-lined, nd bricked; covers are mild steel,
rubber-lined lift-off typ::, the covers on the pre-heat and acid tanks being
provided with side mermbervs d.pping intc water seal troughs along the tank
edges, to prevent escdape of fun.e,

Regenerated or fresh ac.d 15 ted into No. 4 or No, 5 Tank and flows in
contra-direction to the strip over the granite skid caps and taken out at
No.2 Tank, Operation heating 16 by one Cepic heat exchanger on each acid
tank, with direct steam injecturs {or hot water heating, and for initial and

standby acating of the acid tunks.
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Dragout between the acid and wash scolions is controlled by means of 2 sets
of wipers positioned above the final granite skid, followed by double wringer
rolls. The wiper blades are mounted in a cruciform holder, allowing indexing
to the next blade when one 15 worn.  All sets of double wringer rolls, after

the pre-hcat and acid tanks and after the ot water rinse, are mounted on
pivoting arms. In the abscence of any powered steering motion this HW
patented design allows the roll assembly to align itself with the strip; this
applics on the final set of wringer rolls.  On the rolls immediately following
the pre-heat and acid tanks a hydraulic cylinder controlled by a photo-electric
sensor is included thus giving 4 pusitive steering action to the strip ih these
positions. The water rinsc section includes primary and secondary cold
spray sections. The final sprays in the secondary rinsc feed at a controlled
rate direct from the mains to ensurc that clean water is put onto the strip

at this point. Water is subsequently circulated via primary and secondary
recirculating tanks to the precceding sprays, and thence to Acid Regeneration
and Neutralising Plants as required.

The Fume Exlraction System includes two fans and scrubbers. During normal
operation with all tank covers in place, one fan will be in operation, but with
both fans working it will be possible to open four tank covers (equal to half

a tank length) at any point in the pickiing section, the additional fan capacity
being capeble of cxtracling fumnces from the uncovered sections.  The main fume
duct runnirp along the tark is muade a ronstant diameter to enable adequate

extraclion to be offected vven when tanks Are opened at points furthest away

trot. the o tal o ~oft
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Auxiliary external extraction is provided where the strip enters the pre~hecat
tank and lecaves the hot water dip tank,

The strip dryer, instead of being the usual hot air type, is an air-knife dryer
in which high-velocity ambient-temperature air blasts water from the surface
of the strip into a collecting trough, The heat remaining in the strip
evaporates any remaining rmoisturs,

The strip then travels via a two-roll steering unit and bridle to the exit
storage loop which is of similar form tn the entry loop but with only onc

car and a storage capacity of one minute, which is sufficient to allow change-
over from onec tension reel to the other,

Edge Trimming

The strip is pulled from the exit storage loop by a four-roll bridle and fed
into a {ree-hanging loop which it leaves via a roll quadrant provided with side

guides, A strip edge notcher is situated before the edge trimmers to enable

the strip width to be locally cut back,thus enabling the trimmer blades to be

set to the required trimmed width,

‘Two tandem edge trimmers and scrap cutters are provided, cach trimmer being
provided with sufficient head opening to allow blade changing to be carried

out whilst the line is running. As it is felt that pull-through trimming will be
possible on this line, No.l Trimmer is not in the initial stage provided with

a drive, but provision is made to enable a drive to be fitted if required,

No, 2 Trimmer is a fully driven unit,

In addition to the usual centre and edgc hold-down units mounted between the

trimmer heads, a five-roll undriven leveller type unit is situated before each

trimmer to stabilise the strip for trimming,




Scrap ribbons are chopped by scrap cutters of the double rotor type, cach unit

comprising two adjustable heads with a pair of four-bladcd rotors. Scrap
pieces are delivered by chutes onto a strel slat conveyor in the basement
and thence to an inclined belt-and-slat conveyor which carries the scrap up

to above ground level and into skips eet down in two alternative positions,

Oiling and Recoiling

A four-roll bridle follows the trismnming section, this unit providing both

initial tension to pull the strip through the trimmers, and then back-drag

for recoiling. l
A single upcut shear parts the strip, and if required, removes the weld,
scrap picces falling into a skip mounted ag a hydraulically operated trolley.
Oil is applied to both sides of the strip by a two=-roll oiling machine in which
oil is applied in pre-determined quantitics by an Alemite 'Koter King' system i
to flannel rolls and from there to a palr of chrome-plated steel rolls which

apply the oil to the strip. Twn separate oil supply systems, for sheet and

tin oil, supply oil to inte rchangeable oil'ng heads, thus avoiding contamination

of the two types of o1l

Strip is recoiled on two tension recls,cach provided with both drum gripper

slots for gripping the leading end of the strip, and pendulum-type belt wrappers. |
The reels are mo.nted un alides and are provided with automatic edge control

to ensure~ straight-sidcd caoils.

Coil Unjoading

Goil Carrmages of stnilar lorm to those at the entry cud, except that the cradles
are provided with idle spin rolls, tranefer coils from the reels to walking-

hogi o aliveyoars,




l, Some Dewsign Aspucts

Coil Siz¢/Qutputs

l'he Ebbw Vale Pickle Linc 1s designed to run at pickle speeds up to

(305 mctres/min) 1000 ft; min, However, for the tirst two years of opuration
it may have t, handle an appreciable numbe: of light coile of short lengths.
These small coils exert a consid=rable inflnence on the line operating speed
¢nd production rate -vill be reduced. It is interesting to examine the effect of
thene mmall coils during ini.al vperation of the line.

The entiy section is stopped during welding and the entry loop is a buffer
store of strip to enable the pickic section to continue running. After
welding, the entry section is run at overspeed tn order to refill the loop.

The problem of running short coils at maximum line apeed is that they run
out before the ontry loop i refilled, and g0 cventually the entry loop 1s
depleted to such an extent that the whole line has to be stopped for welding,
and this is undcsirable as it icads to uncven pickling, It ie therefore better

tu reduce pickling specd to the poini at which constant speed can be maint.ined

within the pickling section,

I'1g. 4 shows the specd cycle Lor the entty section, The cntry section is

stopped for a period of 102 secs, then accelerates to an overspeed v, Vp+ 458

in order to refill the eatry loop, and then slows down to the pickle section
wpeed Vp, The relatiouship between coil length and entry/pickle section
speeds for rnaintaining coustant sapeed i the pickle groztion as as follows,

V.V
(2
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Pickling speeds for coils of various lergths as given in Fag, 5.

Initially the pickle Line will have 1o use some incoming coils of 5, 7t and 12t
weightywhich for average thickness 2 ram and width 864 mm gives strip
lengths of 409 and 913 mpm respectively. Fig.5 shows that a pickle speed
of only 162 mpm can be maintained for the 5. 7t coils and 293 mpm for the
12t coils, The line output is therefore drastically reduced for s mall coils.
In fact, the line will only run at 305 mpm (1000 fpm) for coils whose lengths
excced 980 metres (approximately 12, 8t).

Extra delays in the entry section can have considerable effect on output
when handling short coils. Fig.5 shows two curves, one for a total stop
time of 102 scconds which is the design feature for the line and another
curve for a stop time Tw = 117 secs corresponding to a delay of 15 secs
per coil. The extra 15 sccs delay in coil handling would reduce outjut
from the line by about 10%,

The other significant factors cffecting output are the acc cleration ratc and
the maximum entry overspeed, Acceleration times could be reduced but
would greatly incrcase the cost of electrical and mechanical drives quite
disproportionately,e. g. halving the a« celeration tirnes would increase
output by less than 5% but sume of the ma.n-drive powers could be doubled.
An increasc in uverspeed would also have little effect on output and could
not be justified against the extra cost and wear and tear of equipment at
higher speeds,

The message is quite clear ~ high outputs from pickle lines require large

cuils,
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(The exit storage loop can be studied using the same expressions given

above, but the stop time for coil changing should be taken to about 30 secs,

It will be found that the exit end is not critical and will not reduce the pickling
spoeds if coils taken from the linc are more than 10t,and it is likely that much
bigger coils will be built-up).

2,2 Control of Strip Speed and Tension

Fig. 6 shows the dcsign tensions for the line and Table 1 lists the main

line drives and indicates the speed and tension setters for the various sections

of the line,
Table 1

) Speed Setter Tension Setters
Entry No.1 Bridle Pay-Off Reel |
Entry l.oop Winch
Process Section | No.3 Bridle No. 2 Bridle/Probe/

(Tensiometer)

Exit Loop Winch
Exit No. 5 Bridle Tension Reel/Free Loop

Proceus Section

Section speced is controlled by the No. 3 Bridle.

Minimum tension within the Process Section occurs in the first tank :

dray on the strip owing to friction at sills and squeegee rolls etc. causes
an incrcdse in tennion as the strip pasaes through subsequent tanks so that
maximum tension occurs in the last tank. The design tension at entry to
the process section is sufficient to keep the heaviest strip clear of the

bottom of the tanks.
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The No. 2 Bridlu sets the tension at the entry to the process section. A
capacitance probe is mounted in the bottom of the No.1 tank to detect strip
position and thc signal from the probe is used to control tension from the
No, 2 bridle and so keep the strip within 100 - 500 mm distance from the
probe. This ensures that striy is just clear of the skids in the bottomn of
tank No. 3, which has the loweat catenary point. Strip tension is higher in
subscquent tanks,sc that strip clearances are larger. It should be noted
that the capacitance probe is in the pre-heat hot water tank where corrosive
conditione are not so severe as in the acid tanks.

A tensiometer is also provided to indicate strip tension and this could be
adapted to control tension {rom the No. 2 bridle in case of probe failure,
However, the operators would then have to manually adjust the No, 2 bridle
tension setting to suit the various changes in strip cross-sectional area
since tension must be set in proportion to strip arca.

Fig. 6 shows the drastic increasc in tension within the process section,

the set entry tension of 22200 N (5,000 ibs) at the No. 1 tank increasing to
62300 N (14, 000 1bs) under constant speed conditions and 84500 N (19, 000 1bs)
during acceleration in the No. 5 tank. The rise from 62300 N (14, 000 lbs) to
84500 N (19, 000 1bs) represents the traction required to overcome the inertia
of utrip and rolls in the tanks during accelerating conditions. The 40000 N
(9,000 1bs) rise from 22200 N (5,000 1ba) to 62300 N (14, 000 1bs) is due to

@ number of factora, but chiefly Liquid Drag, Friction Drag and Bending Drag.
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Liquid drag takes the form of viscous drag on the strip as it is pulled
through the liquid in the tanks and through squeegec rolls at high speed.

HW carried ont tests (1) to measure viscous drag sonie years agoe in
connection with tension control \n E'TLs and this data ie directly applicable
to the pickle line. (It is int:resting to note that the reaction un the liquid
from strip drag in the tanks amounts to about 2220 N (500 lbe) and this
horizontal force acting on the Liquid causes a difference in surface level

of about 16" from the entry end to the exit end),

Friction drag needs little explanation, being merely the effective weight of
the strip times co-eflicient of friction against the supporting sills,
Co-~efficient of friction was taken as 0,1, this being considered a safe value.
Strip is bent in passing over deflector rolls; if the strip is bent beyond the
elastic limit, then work has to be done to pull the strip along. The effects
of bending beyond the clastic limit are woll-known and a method of
calculating the work done is described in a previous paper (2). The combined
cffects of Liquid Dray, Frictionyand Strip Bending and Inertias have to be
carcfully considered in order to assess motor powers,

Loops

The loop car specd is entirely determined by the difference in speed of the
en'ry and the process scctions.

Mean loop teusion is set by the load in the winch ropes acting on the moving
loop cars, The drive motor is of course fully compensated for the inertias
of motor itself, the gearbox, winch and loop car, so that total pull from the

two ropes remaivs constant,

/13




Friction and bending dray in the Lyopm as not appreciabla, However,there
io a4 large fluctuation in strio tensions under acoele rating conditions. 'The
No. 1 bridle changes from a drap to . pulling cordition as the line goes from
constant specd to lhe dccelevating caae,

Similar remarks anply to the exit lwop,bul in this case it is the No. 3 bridle
which changes irom o nulling (o a dragging condition daring accelerstion.
The minimun: design tension in the loops i9 set so that good tracking will
be maintained,

Exit Section

A re-wind tension up to 67000 N (15, 0C0 1bs) is available at the tensicn reel
to help wind tight ttraight -sided coils. The No. S bridie setn the speed in
this scction,

A frce loop is provided in front of the trimmers to cnable strip to be
1ccurately aligned fo- entry into the trimmers Dy means of side guiden

on the Joop exit quadrants, Thir low-ensio.: section at tae {rimmers makes
It necessary to use large highly powered 4-roll bridice al the No.4 and No. 5
bridle positions. ' Free” loups are in tac very expensive,

Acceleration conditions in the line give rise to scvere lead cacer for drive
‘notors.  Line accelerction necds (0 B (hosen with care as it can have a
drastic eff~ct on motor simes and costn, Moter ratings are also largely
Mctated by the frequency of stoppiag and st rting the Jine and again it is

Bech thit amall coils have a further effect in increasing the coats of clect-ics.
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Bending drag is apprecciable even for the Ebbw Vile Pickle Line which handles
strip only up to . 145" thickness. Bending drag is roughly proportional to
t?/D where t - strip thickness and D = roll diameter, Its inflience on moter
powers is such that careful attention needs to be given to the choice of bridle
and deflector roll diameters in relation to strip thickncos and particular
attention is required to the conditions of bending :mpoxcd on the otrip at
loop support arm rolls and at other rolls of small diarneter. In fact,many
pickle lincs handle strip to 4" thiek,and in such cases it is escential to make
a careful analysis of bending and acceleration tensions. It would ecem
sensible to consider bridle and deflector roll diareters of at least 60" for
4" lines as the cxtra cost of the larger rolls is probably outweighed by
lower power losses and checaper electrica.

2,3 Strip Steering

Fig.l shows the pousition of the main steering rolls in th: Pickle Line,

These rolls are positioned to keep the strip running centrally at critical
points at the ends of the long horizontal runs at entry and exit from the

loops and process sections, Two kinds of st er rolls have been employed,

Nos.1 and 4 steer rolls arc the double roll type in which both rolls are
mounted on a common frame which can pivot in a plane normal to the
incoming and outgoing strip., In effect the exit roll is moved laterally in
order to put the strip on to centre line. This type of steering roll io
very accurate and stable in control. It has no tendency to distort _he
strip and spuil shape because the incoming and outgoing strip is sub-

jected only to a quite insignificant twist, owever, this steering system




does have some limitation as it makes no correction to the position of the
incoming strip. Thc use of this type of steering »oll was dictated mainly
by the plant layout. Strip will be paid off centrally from the pay-off reel
and tension should keep the sirip aligned centrally «t No, 1 bridle, The
distance to the N,o.l steevr rolliiu not too great and the amount of strip
wander shculd be well within the correction range of the No,l steering roll,
In the case of the No. 4 steer roll it should be noted thot the strip is gulded
by ateering s‘q’_ﬁdcgee rolls within the pickle tanks and past txperience has
shown that thcv;;a rolla work well so that again very tittle currection should
be needed at the No, 4 steer roll position,
Elsewhere at the ends of the lonp m;rs runs, a new type of guide roll has
been employed which is a steer roll mounted on a Vinkage as shown on
Fig. 7. This type of roll is actually a develomment of an carlicr type of
self-aligning squcegee roll developed and patented by HW {3).
This type of eteer roll does nove late rally so thut there is an immediate
_responsc to sideways movement of the st+ip, bu. the geometry of the linkage
is such that in moving rideways the roll is aluo madf; to move out of
alignment and becomes tilted in relation to the mrip; The operatic{nlof
this type of roll is
a) A lateral translation of the roll to ;m the strip back towards
centreline, |
b)  Simultaneous tilting of the roli which causes the strip to
"creep' continuously cver the roll towards centreline,
thus enabling the roll itsclf to move towards some equili-
brium point ncar centreline, the position of which will

depend upon the particular shape of the strin being handled,
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This mecans that the strip is not ouly centred on the outgoing side but is also
brought back onto centreline on the ingoing side and this is achieved with
only the minimum amount of movement by the steer roll itself. The
cor,re(ition range of this type of roll is far greater than that of the double
roll type previously described, T.oop car trave) is of the order of 500 ft
(153 m) so that badly shaped strip i f left to its natural course could wander
a distance measured in fcet rather than inches and under these circumstances
the greater correcti.ng capacity of the link roll scems cssential.

The position of the fixing point for the links can be adjusted so tﬁat the
instantaneous centre or pivot point can be made near to or far away from
the roll; this enables the sensitivity of the roll to be changed and biased
towards the "lateral translation" or ''tilting mode' of correction. Final
position of the links will be determined during commssioning,

Provision is made to obtain some steering effect with the loop support
arms. These arms are mounted in pairs on oppousite siglen of the line

at 12m pitch along the loop car runs. Adjustment of the ‘length of a link

in the actuating mechanism for the support arms nnables them to be set

at a slight angle to the line so that the arms make a herringbone pattern.

This has a slight centring effect on the strip,
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Steering squeegee rolls are provided within the Process Section. Such rolls
have been used quite widely and they work well, The squeegee roll at exit
from the Rinse Section is not power actuated; it is mounted on links and

is sclf-aligning to the strip. Power actuators can be added later if found
necessary. Conventional fixed squeegee rolls can cause bad tracking of
strip and the self-aligning rolls are preferred.

2.4 Support Structure and Tanks

Much of the BSC bridge structure is exposed to the weather, The main
beams are pinned to columns at one end and have a roller slide joint at the
adjacent column which permits temperature expansion to take place. The
main tank support columns of the HW structure are positioned over the
bridge columns to isolate them from the expansion movement of the bridge
and to transfer most of the dead load directly to the bridge columnas,
Intermediate columns are provided to help carry the loop car support beams
but these columns do not share in carrying tank dead loads.

Pickle tanks are delivered to site in sections about 7 metres long and the
tank is finally welded at site to form a continuous tank 170 metres long.
Site welds are rubber covered after all welding has been completed.

The tanke are about 3 metres deep and,becausc they are very stiff
compared to the support becams of the structure, they inevitably carry
most of the dead weight arising {rom bricks, liquid, tanka and other
cquipment mounted on the tanks, The tanks are therefore designed to be
entirely sclf-supporting, transferring their {ull weight to the main columns
without help from the support beams bencath the tanks., The upper beams

spanning the main columns arc designed for the loads arising during erection




when sections of the tanks will be carried on thern before they are welded
together and these upper Leams are algo designed to be able to support the
full weight of the tanka and bricking etc, for the extreme omer;ency of a tank
collapse; but under normal operatlion these support bearns do not help to carry
tank dead loads. A drip tray is mounted on the beams to collect spillage
from tanks and the drip tray 18 big cnough to teke all the liquid from one

of the pickle tanks.

Bolted joints were dismissed as umpractical for the pickle tanks, It is
difficult to design such joints to carry shear and bending loads because
flanges .;ould have to he rubber—overed, andin the past there has hecn
leakage at such joints,

The tanks are carried on ptie sliding bearings on top of the rain columns,
This allows thermal movenient of the tanke to lake pluce and minimises
friction forces applied to the support structurc, Thermal expansion

forces from the tanks and support structure,together with the forces arising
from strip tensions,exe rt horizontal shearing forces of ahout 200 t

maximum through the end bracings and thcse forces have to be carried

by the bridge columns to the foundations,

The Krupp Pickle Line built by Demag makes an interceting comparison

with the Ebbw Vale Iine (Fig.ll). The notable feature of this line is that the
picklc tanks act as simple beams spanning between columns. Tanks arc 20
Pictres long und have to carry taeir owr weight. A bellows-type joint is used

to interconnect the tanks which permits cnd rotation and takes up long.-

tidinal expansion, The loop cars and other mechanical equipment are
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mounted on a separate support structure. This design had to be adopted
in order to take care of ground subsidence and provision is made to jack
up the main tank support columua wier necessary. The rigid type of
support structure and tank system adopted for Ebbw Vale was not
practicable at Krupp.

2.5 Process Section

HCI pickling has superseded H,50, within the last ten years. The

relative n.erits of sulphuric and hydrochloric acid pickling have been

discusscd very fully in previous papers (4, 5, 6) but broadly there are
threce reasons why HCGI pickling is now attractive.

a) HCI can be regenerated from ferrous chloride in the spent pickle

liquor to give a closed process which can be roughly represented by

Pickle

FcO + 2HC) o= FeCl, 4 H,0

Regeneration

(Not quite correct; tic regeneration process produces
F‘ez()3 - =see later)
Thus the process does not produce a significant effluent problem -
now 4 most important consideration.

b) HCl pickling produces better strip quality. Ferrous chloride is
soluble and can casily be rinsced away,whereas the sulphate salt
ariging fror: sulphuric acid pickling is relatively insoluble and
any residucs on the strip can later form pickic stains. The high
solubility ot ferrous chloride aiso n.cang there is no sludge formed
in the pickle tanks,which in the casc of sulphuric acid makes

trequent cleaning of the tanks necensary together with neutralising




of the sludge. HCI attacks the three oxides of iron and can
remove them completely, but sulphuric acid attacks the base
steel and does not necessarily remove rolled-in scale which
can cause surface marking after cold rolling,

HCI1 pickling is faster than sul phuric acid pickling, 80 that the

output from a given size of pickling installation is higher,

There is one disadvantage with hydrochloric acid in that the acid fumes
readily. This means that tanks must be very carefully scaled and adequate
means for fume extraction have to be pruvided, together with careful choice
of salution concentrations and temperatures.  The amount of acid vapour
formed increascs with the concentration of acid and ferrous chloride
present in the solution (6), and with operating temperatures, Also vapour
lose in fume extraction carrics away heat and represents 40% of the

heating requirement for the line,

In the Acid Regeneration Plant, acid is regenerated from the SPL by a
process of spray roasting. The roasting process is done at high temperature,
SPL is sprayed into the upper part of an oven dircctly heated by burners,
The water and HCI are¢ evaporated and particles of }"CCIZ formed react

with these gases as they drup through the oven according to the cquation

2FeCly + 2H,0 4 10, - Fep, +41ICL

The ¢nd products are scparated; ferric oxide is taken oul in the form of
“ powder and HCL is returned to the pickle tanks, together with a small
Amount of make-up acid (up to 10% has been reported from other lines)
to replace small losses in the regenerating plant and in carryover from

the acid to the rinsing sections of the pickle line.




Apart feom samall inrses, the pickling and regenerating processes form a
cluosed systern,so that any water added tu the systenm 1mnust be removed at
SGTIC Slape 1o prevent progresaive dilution of the acid, Furthermore,

heating requirer.cuts aad the cost of the acid regeneration plant depend

niainly on the volume of dic Higuor to be handled; it follows that the amount
of water in the SPL ehould be kept to o minimum and acid and ferrous
chloride concentratior shonid be as hirh as is practicable. No extra
watcr should be introduced into the systein from such things as steam
injectors,

It can be scen then that choice of acid strengths and temperatures must
be a matter of compromire. For rapid prekling, acid concentrations and
temperatures should Yo as Liigh as is pracucable, whilst the amount of
ferrous chloride in the solution hes te be limited as this tends to inhibit
pickling,  For efficient regencration on the other hand, ferrous chloride
cont-nit should be az high as passible, There is also an upper limit to
tewperatures and acid anid ferrons chioride concentrations set by the
funing vate which determines the size of the fume extraction system and
mvolves a siguficant ivat loss from the systemn,

The problem of dibiition s dealt with as ot Nippon Kokan (5),who appear
to have been the first tause an entry hotowater tank for prc-heating the
strip. Diurect steam heating 18 the ot cffective form of heating and the
condensale arreine o the hotowvater tank merely overflows and is taken

‘rova there to wato ¢ recovery plad. aquecge s are provided to prevent

carryuver from the srecheat tank ito the aoid wection, Acid tanks are
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heated by pumping the acid to heat cxchangers at the side of the line and the
only water iniroduced into the acid section is that carried over from the entry
hot water tank which is limited by tuc squecyee rolls,

Fig. 3 shows the process section conditions for the pickle line,together with
a graph reproduced from Ruthner {4) showing how acid concentrations and
temperatures affect pickling rates. The residence time in the acid tank is
about 20 scconds at top linc speed,which corresponds to the required
pickling time as given by the graph for acid strengths 4, 8% to 16. 1% at
temperatures 93°C to 78°C, Also note the long pickling time required at
low temperatures. At 50°C, which may be the effective mean temperature
of the strip in the prc-hcat tank,the pickling rate would only be about 1/5th
of that in subsequent tanks and this shows clearly that substitution of a hot~
water tank for an acid tank has negligible effect on pickling capacity,

(The pickling rate for sulphuric acid is also given and shows the increased
rate of pickling for hydrochloric acid).

The changes in hydrochloric acid and ferrous chloride levels through the
tanks correspond to the chemnical changes involved in pickling in each tank:
and correspond overall to a pickling reaction with 0, 45% of the weight of

the incoming seirip as iron in iron oxide,i, e, 0,45% iron luss., The acid
regeneration plant is rated to deal with 734 kgm per hour of iron as chloride

and this represents 0, 45% iron loas from 27,000 tons of strip per week,
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Strip has to be thoroughly rinsed when it leaves the acid section because

acid and ferious chloride ov the 6trip would cause surface stains,

Fig. 8 is a simplificd diagran of the rinsing arrangeraents and overall

flows for the linc, Rinsing is donc ir two stages, Water is recirculated

at rates up to 67,500 kg/br in the Prixwury and Secondary rinse sections

from holding tanks Nos, | and 2, The acid level of the secondary ringe

water it controlled by continual addition of cleen water in the exit hot..

water tank and the secondary rinse, and acid level of the Primary Rinse

is controlled by adjusting the amount of relatively clean water going to

tank no,! from tank no, 2.

Provision is made for the strip to be sprayed with rinse water immediately

before the squecgece rolls at ¢xit from acid iank no, 5. This washes away

some of the acid on the 6trip and reduces the an.ount of acid carried through

thc‘squeegee rolls because of dilution, (The small amount of water added

to the no, 5 acid tank is needed as make-up water and is taken into account

in adjusting the concentration of {resh make-up acid). Data given by

Miltenberger (ref., 6) indicates that up.to 370 kg/hr of liquid could pass

through the Squuegee rolls at a strip speed of 1000 ft/min,and the acid/

chloride contained in this liquid has to be removed in the rinse section,

Water recirculating in the Primary Rinse Section will be held to an acid

concentration less than 1%, so that liquid carried by the strip through

to the sccondary rinse will he diluted to this extent, Water recirculating

in the secondary rinsc is controlled to a maximum level of about 200 ppm
sSoLauwm

acid content (with provision {or control to much lower vilues by increasing




the flow of clean water), Furthermore, clean water is introduced to the

secondary circuit by spraying it directly onto the strip ao that strip is

wa shed with clean water as it leaves the rinec tank. This is followed by a
clean hot-water dunk and finally another clcan water spray., Contamination
level when strip finally emerger from the rinse section should be quite
negligible. Rinsing is followed immediately by drying,

Note that the water from the Primary Rinse Circuit is also used to clean
the fume exhaust gascs so that it capturcs most of the acid lost from the

line in fume and liquid carried osut by the strip, Most of the liquid from

the No,l tank is then passed to the regeneration plant where the acid is
recycled back to the Pickle Line,

Acid Losses from the line consiat of Stack Loeses and Losscs in Rinse
Water passing to thc neutralising plant. The amount of acid loss will depend
upon such things as Scrubber Efficiency and Amount of Fume, Amount of
Rinsc Water used and Effectivenesre of Squeegee Rolls with Line Speed,
Calculations show that acid losses from the line could be as low as 30 kg/hr,
which is of the order of 3% of the acid involved in the Pickling Reaction,
Some losses take place in the Acid Regeneration Plaunt. Overall, an acid
loss between 5 - 10% i to be capected, and this amount of fresh acid has

to be introduced into the line in addition to regenarated acid,

P'Cl vaporises [airly readily so that care has to be taken to prevent acid

fumes from eecaping into the surroundings, Tests were done during the
fmtial stages of design to detecmine the rmoat effective way to climinate

fume,
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During normal operation, with all tenk covers in place, fume is pulled from
the lie by means of one fan and extractic . from each end o the Pickle
Section, Pressure inside the pickle section tanks is reduced so that air is
drawn into the tanks through any gaps between tank covers etc, and there
is no outward movement and escapc of acid furne, Fig. 9 shows 3 water
sea! at the sides of the covers which prevents fun.e escaping there, Each
€over is provided with a flexible rutber flap at each end, which makes a
lap joint between the covers to prevent fume escaping and also permits
covers to be lifted and replaced in any sequence,

The fume extraction system also deals with a cover-off condition, when

a length of tank up to 42'-0" can be exposed, Both fans are then brought
into operation and air is extracted, local to the open tanks, through the
nozzles shown in Fig. 9, Tests were done during the initial stages of
denign to determine the best form of nozzle and the flowrates nerded to
prevent escape of .ume. Fig. 9 shows how flowrate has to rcach a certain
rminitaum value before fume is contained, (Another curve is shown for

&n alternative design which involved blowing a curtain of air across the
tonk from one nozzle and extracting the air through the nozzle at the other
sile of the tank, This arrangement showed no advantages and was not as
cffective am the acheme adopted),

lHeat losses from the line are significant, These are summarised in

F1g.10. Total heat requirement at 1009 ft/min line speed is 4, 500 kw,
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heat lost in fume extracted &ccounting for about 40% of this and heat
required for strip heating accounting {ur the remainder, Othsr losses
owing to convection and radiation from the pickle tanks, heat carried

away by carrysover liquid, heat gained by pickling reaction etc. are
insignificant.
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