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As pioneers in the development of titanium dioxide_siurry technology
Du Pont is in a unique position to advise you in the most effective use of
this modern distribution and storage method, and the efficiencies, eco-
nomigé, and ecological benefits to be derived from it. If, after reading this - ;g},
booklet, you wigh to explore the possibilities of conversion to slurry,
please contact your local Du Pont representative or our Wilmington office:
W de D&moovfa (ﬂit’w

E. I. Pu Pont . Sompamny—~

Chemicals and' Pigments 9eptaib¢-2:L*4y

Wilmington, DE 19898

Attn: Manager, TiOp Products
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The Information set forth herain is turnished free of charge.and Is based on tachnical data that Du Pont belleves to be reliable. It is intended for use by
persons having technical skill and at their own discretion and risk. Since conditions of use are outside our control, we make no warranties, express or
implied, and assume np liability In connection with any use of this information. Nothing herein is to be taken as a license to operate under or.a

racommendation to infringe any patents.
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De-mana for TiO2 slurry‘ has g'r-owri rapidly, exceeding 90,000 tons/yr in
1980. By 1988 U. S. consumptlon 1s pro:ected to be 170,000 tons annually.
Economics support this ready acceptance and rapid expansion. In mo-s.t cases,
savings accrued from reduced process energy (predispersed product), in-
creased production capability, and improved handling and storage are suf-
ficient to cover the cost of a slurry system when the investment is amortized
over a two to five year period. | P

Factors .such aigctual
savings generated, annual consumption, cost of conversion, mode of delivery

and freight costs(cont ol the economics:
cdh’hl h“‘c S)’/w/jtibutcl 4"5 l

. .,P.aiin_t producers r'eport savings of two to six cents per pound of

peres R
TiOy; paper mill savmgs @ reach)ten percent of pigment

consumption. Employing a ch.‘eckl-l.st ,(Flgu,re_ T) 1's a convenient

cadadde

way to -tabaiaee .sav_i_r}g-s.

o No set amount of TiO3 consumption has been established to justify
slurry system installation. Under favorable conditions, as
' ot « srvglea \rn,ée
7& little as 300,000 lbs/yr\may be sui’flcmnt although twice that
amount is usually necessary.
Slurry system costs are influenced by design complexity, mate-

rials of construction, and degree of automation. Costs range

from & truckload scalejf-ore--gws

for about $25,000, to a multigrade railcar system for over

$200,000.
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- » Mode of dellvery can

. PROG, or Sruoy No,

cenvers;on and operatlng

costs. Railcars con o 12,500 gallons

{60 to 75 tons Ti02,;d;y ). dgggndiggggh grade. The mini~
mum recommended storage téhfk c‘apa’ci-ty 1s bﬁ-e and a half carloads.
Smaller tanks than this make it difficﬁlt for the customer to

—detention 531'
schedule dellverles and can lead to dggmnaage charges. Slurry '

systems désigned for routine servicing by truck permit smaller

storage, and recommended capacity is one and one half truck

loads. Systems with uhder-S,OOO,gallons storage capacity are in

; service. Because less investment is required, the cost of this
ﬂkﬁ,
2;#1)',: size system is within reach of many smaller TiO3 consumers,

e ——t

SLURRY PROPERTIES

S;urry-propertieé are'caiefully controlled in order to facilitate manu-

facture, shipment, storage and handling:

e« Slurry rheology is maintained newtonian at least in the shear
range of common pumps. At the same time, slight thixotropy is
imparted at low shear to retard settling. These properties are
hct expected to change with age. Proper rheology is obtained
witﬁout elaboréte dispersant combinations or high dispersant

levels.
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« Solids level is kept high to allow use in high solids paint and

coatings formulas and to avoid shipping large quantities of

water. Currently marketed grades range from 62% to 76% solids.
e Slurry density is kept constant to insure accurate metering with
commonly used flow meters. '

< » Slurry as shipped is sterile as are rail cars and trucks.
'{.‘ﬁge

T™»Bacteria can live in slurry, biostats are included in the recipe.

Upon receipt, certain prec.a@&ions must be taken by the customer to insure

satisfactory storage and use.
« BSettling can be expected from any practical slurry. If the caked

L hea
is soft, easily reincorporated and forms silowly’-saib-bm:e_; ¢can be

tolerated. Proper agri-iza-’timn-,; neﬂ into the storage facil-
ities is a .n‘e.._cessit_y..: |

s Slurries are formulated at .high solids; consequently, »eirapor'-.
ation of even small amounts of water results in formulation of
dried flakes on slurry wetted container wallis._ ft is therefore
necessary to keep tank humidity at or near saturation by period~-
ically injecting steam or atomized water.

Slurry properties are strongly interrelated. The desire to achieve maxi-

nt\golids and simple formulas with low dispersant levels is limited

A _
g»cy and increased tendency to form dry flakes. Formulation problems

Yy ai
occur with higher levels of dispersant in slurry. Thixotropic slurries resist
‘settling but do tend to thicken on aging and entrap air which causes density

variations. An acceptable slurry is a careful balance of all properties.
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Du Port offers consulting and design assistance for installation and use

of TiO, slurry facilities. Once the needs of a TiOp user in a given applica~

tion are established, the design of facilities to use slurry is relatively
straightwforwam% but recognition of slurries' unique characteristics is
essential. Extensive experience in the manufacture, distribution and use ofﬂ
TiOjp enable us to recommend economical routes to using slurry éffectively.
Our design staff can prepare complete _p.léns and estimates for a slurry system,
and assist in piocurement and installation of the equipment.

Since needs of the user vary widely we k

We have de-

,;,fpreferr-mg toAdesz.gn 1nstallatlons b0

51gnédlgné package system for low volume cases (truck recelpt) Whlch can be

J.nstalled 1n 3 to 5 months. | Tlmlng_m_—t-be-ee J:ase&may take 7 to 10 months from

A B NN W g 1 ’
i e S s b5 .

(\proyect authorizatlon to start-up. )

e "“M
In a well designed system, s&urry éﬁnfbe,pumped.and stored aszeaéii§ és
other bulk fluids. Conversely, inadequate design can lead to problems such

as pigment settling resultlng in tank heels and plugged lines and valves,

FilaTon
A typical slurry s'g:st'em consists of an unloadlng pump station, storage
aitaork 7]
tank, and distribution sgs&em (Figure II). syeﬁék for two grades of slurry

will of course need two storage tanks and two distribution systems, but one
unloading,éggggm can serve both grades.

The major cost of the system is the agitated storage tank. Piping becomes
a large cost consideration for long or complex runs. Instrumentation can be
relatively simple or can become a large cost item when many use points or ex-

tensive automation is involved.
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Unloading Stétion

The rail car unloading station (Figure III) consists of a pump, piping,

and water and compressed air service. The pump is used both to transfer slurry

to the storage tank and to recirculate and wash out car heﬁkls with a charge
of water. Compressed air is used to clear the lines before and after unloading
and to pressurize the car for more efficient unloading. Unloading can often
be done with pressure alone (limited to 100 psig) but effective heel removal
requires the pump for recirulation. (See Unloadlﬁg fﬂgtlg&é

The system is designed to unload at 150 gpm or more so that a 10,000+
gallon car can be emptied in about an hour. (See Pumpsy)

Truck unloading stations c¢an be simpler since trucks do not regquire.

recirculation and are usually unloaded with air pressure. The lift and run

however is limited by the pressure rating of the tank truck, usually 25 psig.

Most trucks are equipped with their own power-take-off air pumps.

Storage Tanks

A typical TiOp slurry storage tank arrangement is shown in §Figure IV}.
wa

Tanks are typlcally flat bottom cyllnders and hold&abcut 1 1/2 carloads (or

truckloads) c::muza—as sage and 12Xentory c eeds dictatgys,

wews Love
Tanks may be made of(?RP) epoxy coated steel, concrete-tile, or stain-

less steel. Cost will be about $1 to $2 per gallon of capacity. Under 10,000
gal, FRP will generally be most economical, in the 20,000 gal range, epoxy
coated steel is generally lowest cost, and in larger sizes concrete-tile is
the economic choice. Stainless steel is an ideal material, but is usually more
costly. For interior locations FRP tank size will be limited by building
access openings, but steel br concrete-tile tanks can be erected in place.

Since slurry is d:zaaeﬁeé warm and has a high heat capac1ty, there is
little risk of its freezing if tanks are insulated except during long periods

of severe cold weather. Normal intermittent agitation keeps the slurry mixed

so that localized freezing will not occug;ané continued agitation can provide

Our rﬁgl cars are}'nsul?ted and

DUPO050070565

enough heat input to keep the slurry fluid.
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Agitation
TiOp siurry storage‘tankj

:agitation to prevent settlingvand
maintain produst unifobmity. Slurry at full strength, or diluted to some
constant solids level a percéntég;tpbint or two lower, settles very slowlys,
$ediment formed in several days is reincorporated easily with agitation, but
if left standing for several weeks can form heavy cakes that may resist
reincorporation. Moderate agitation at about 1 hp per 1000 gallons iéb
satisfactory, using turbine blades and wall baffles in the usual.éylihdrical
flat bottom tanks. The agitator will cost up to half as much as the tank
itseif. Recirculation of tank contents with a pump is not adequate to keep
the slurry suspended for long periods but can be used to reduce settling during
periods of agitator outage. We recommend a timer on the agitator for periodic

operation (15 minutes every two hours), to conserve power and avoid slurry

heating.

Humidification

It is essential to humidify storage tanks to prevent drying of slurry on
the walls. High solids content of TiO7 slurry leaves little spare water and
mékes it quite vulnerable to drying and caking if tank humidity is not close
to 100%. Dried TiOz wall scale is extremely hard and is likely to show up as
grit in coatings. With adequate humidification the walls will remain wet and
not show TiO2 buildup as level changes and splashing coat the walls with a film
of slurry.

Humidification is simply achieved by providing water fog spray in the
tank periodically. The fog can be produced by a pressure water spray, air
atomized water spray, or steam jet. Fog nozzles are sized to deliver three
to five gallons of water a day when operated a few minutes per hour; this will

not be enough water to materially affect slurry solids content.
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Distribution Systems

The s1mplest system dellvers s@i””ffa wmounts of slurry to a batch tank.

a batch meter at the use point. The p1pe11ne from storage to the meter may
be.left full of slurry between batches but it is desirable to provide a water
flush through the meter after each batch delivery (Figure V). Normal
intermittent use will avoid settling in the pipline.

If widely separated use points are to be served, it is ofteﬁ advisable
to use a header 1ine‘past the use points 1ooped back to the.storage tank and
maintained under pressure by a control valve at the tank return, Ihdividual

o (o spicion Live vorales e io Poiose &,
take-offs can be metered at each locatloqlfFTgure~v§+# - tialdl” st »

When more than one grade of slurry is used, it is advisable to duplicate
the facilities up to the use point or a branching at adjoining use points.
(Figure II.) It is generally unsatisfactory to use one supply system flushed

between changes of grade.

_”w1th a;pump at the storage tank, a transfer pipe. and

FROL OB BTUDY MO, it s

In some applications, i¥ is desimed to deliver '.‘s_,lilr‘r-y to a continuous use

point at a low TiO rate that would be difficult to meter and control
accurately (TiOp feed to the wet end of a paper machine). In this case, slurry
is diluted to some low concentration (1 1b/gal) and then metered to the use

point at a manageable flow rate. A typical dilution/feed system is shown in

y (Figure VI‘p. Here slurry dilution is controlled by density measurement in

”

a water/slurry mixing column which overflows to a holding tank from which it

S”A{is circulated through a loop line to the use points.

o
.\I

Since diluted slurry settles rapidly, it is necessary to keep it agitated
continuously and moving constantly in the pipelines. In a dilute system, no

dead pipe areas can be tolerated.

DUPO50070567
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Either cantﬁiv3

prefeiréészr.Tl
. ge _ﬁ,y]qﬁééén'for higher pressure duty (above
80 psig) and/or céntihuous operation such as for a loop system; or where

suitable a1r $upply is not available for air dlaphragm pump operation.

Stainless steel is the pzefered materlal of constructlon.

Diaphragm pumps are chosen for IOWéI_prES%ure duty and for intermittent
 pperation nch as car unloading or direct batching. fhe air diaphragm is ex-
ceiiénff'.or ‘moving :ﬂél-urry and is Slmpler to install and monitor than a centri-
,f“ug_ual and costs much less. A_lumihum is faccept‘a‘ble for ;s_l.u'rry s'.erv.i_ce in an
air pump. It will eventually become eroded but w111 glve long service and is
economical to replace (cost is about 1/3 that aﬁ é stainless unit or a
Centxifugal pumpja For metered dellvery a pulsatlon damper at the pump
ﬂischargg_is édviéable. For the free £low of car unloadlng, however, the air

pump pulsations are acceptable if piping is adequately supported.

Piping and Valves

Either FRP or stainless steel is commonly used for slurry piping. Choice
between the two is often a case of customer preference. FRP pipe gives good
service and costs less both to purchase and install than stainless, par-
ticularly where field welding may be hazardous. Unreinforced plastic pipe can
be used in some cases. It is necessary to keep line velocity at about 5

OV FREATLE ) o o N
ft/second in order to aveid settling in pipes. Minimum diameters recommended ot
are 1 1/2 to 2 inches. Slurry piping should be run in as direct a routing as

practical and the system should drain to one end or the other but this is not

essential if the line can be blown clear.

s
s
0
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Valve selection is 1imi3 butteffly, andJBi;phragm types.

Other valves w1ll wear, plug'-

- -bind, in slurry service. Ball valves are

generally used for the best all ar :hd'service, but particularly for-frequeut
manual on/off operatlon and where comélete shutoff is necessary. Butterfly
valves are an economical alternative in less demanding locations such as iﬁ
the unloading lines. FOr automatic control or regulation, diaphragm valves. .

are preferred.

Instrumentation _

'_Tank>1evel ihdicatprs are a matter of individual choice. In some cases
visual indicationvthrbugh the translucenﬁ'Wall of an FRP tank is acceptabie;
Local indication of level in opaque tanks may be obtained from a diaphragm
pressure gauge installed near the tank bottom. If remote indication is
desired, a differential pressure cell at the tank bottom may be used. Physical
measurement w1th internal elements a&e undesgirable because any structure in
the tank is subject to high stress from the agitated TiOp slurry flow, and
pigment will tend to block or plug confined floats, étc.

We have found the magnetic flow meter to give the best all around service
in slurry metering applications. It can reliably measure conﬁinuous or batch
deliveries of full strength bxrﬂﬁlut@ﬂ slurries over a wide range. It does
not require flushing after use, but rether is best left full of process fluid
at all times. _ ‘

A lower cost alternative in the case of a batching duty where the meter
may be flushed after use, is an oscillating piston meter. Although bushings
require periodic replacement because of slurry abrasion, it is a simple job.

An effective pumping-metering arrangement can be made gsing the positive
displacement feature of the air diaphragm pump. Control systems are availabe
to count the pulses of thé pump and convert them into'volume readings which
are then displayed and used to operate valves, pumps, etc. Cost is relatively

low and reliability good since the pump itself is the metering element.
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”Low Coét Slurry system \Akj'&ha i‘ 3ﬁ£L/

One exceptlon to the g igning each slurry

| system is our 1ow cost slurry ; (LCSS) This is a.5.boo gallon system
for small volume user' - ‘ : el
receive truck Shlpments ahﬁ deiiver_metéfed batches of slurry to a single use
poiﬁt.

The LCSS system (Flgure Vlyﬂb is based on a conical bottom tank design

wlthout an a,]

 ¢ulat1on 5t1cal 1nternal header plpe. An air dlaphragulpump

1pxov16es reczrcul,.lon'and dellvery. Batchlng is automatlc w1th an oscll-

1at1ng plston meter, .and 1ncludesﬁautomat1c water flush; The tank and piping

 OPERATIONS

Unleadlng Practlces

(Read Personal Safety Sectlon before handllng TiO2 Slurry)

Railcars are unloaded as described in detail in our instruction manual

"Railcar Unloading Procedures for Ti-Pure® TiO; Slurry".

The basic unloading procedure is to pump the car empty, including a recir-

R

culation step to clear the heel, then blow the lines clear with air as follows:

. Clear the car outlet valve with brief air blow—back the éﬁé@?ﬁ‘- - )Q
ﬁ e @*%bﬁﬁfm; tﬁf»&’g@l‘-’w W?

/1for a few minutes.

» Pressurize the car.
o Pump the car empty.
» Add 100 gal or more of water and recirculate for 1/2 hour

» Pump the car empty and blow lines clear.

PN LRSS e L S ETAL LAY IR
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Cars can be unloaded w1th air pmss.v_“aw alone but pump1ng/rec1rcu1at10n

A‘s advisable to completely empty the TiOp. Using air pressure on the car

‘f dur ing pump unloading £®sh.speeds up-the unloading and promotes more complete
 £;draining.of slurry from the walls.

| Trucks are usually unloaded with air pressure alone and most do not have
‘e-_ci,r.cu.latiOn headers. Settled pigment is not generally a problem with trucks
Jsince they are unloaded within a few days of filling. Most trucks a-ke eguipped
.with their own power-take-off air pump. iA;; is used to blow the lines cleaf

3 i‘ after unloading. The truck may be hosed down manually if desired.

aintenance

Slurry tanks normally require a minimum of maintenance. Concrete-tile,
FRP, and SS tanks are essentially maihtenance free. T'he. lining of a steel tank
should be inspected periodically as it may reguire repair oi replacement in
5 to 10 years; small defects in the 1ining can be patched with an air-dry epoxy. .
Slurry tanks should be inspected freguently to assure t:ha{-.A humidifi-
cation system is performing satisfactorily. Wall scale formation sa-the-walls
2;. inadequately humidified tanks is a major source of gquality problems.
Normal maintenance practices are satisfactory for slurry equ.ip)(m.ent, but
the caking and settling properties of slurry must be considered .dur-ing system
_shut down. A full strength slurry line may be left full for about three days
if it is not open to atmosphere. However, a dilute slurry line should be
flushed with water for any shutdown over 30 minutes.
Hygiene
A clean system is essential to prevent bacterial contamination of the
slurry. Slurry is delivered in sterilized cars. Although TiO; pigment is
inert, the dispersants are susceptible. Contaminated slurry may lose its
dispersion stability and can pass bacteria along to the rest of the process.
We recommend sterilization of new systems by £illing them with water con-
taining 400 PPM of hypochlorite (such as HTH swimming pool formula). After
the wash solution is drained, it is important to flush the system with water

because small amounts of the c‘h&miaal‘qwill severely flocculate pigment.
DUPO50070571
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PERSONAL SAFETY

>‘Healtg’ _ga_za srvm Lroxide Slorries are olbwed 1r dry abm, dun‘r m*rﬁ?:n.

In Du Pon tests, dusts of titanium dxox1—~ produced a response in the

"1ungs of rats comps rable to the effects giy# n by inert or nu1sance dusts.

Titanium lexld _1s regulated as an | by the U. 8.

Department of Labor (OSHA under Title/29 CRF 1910v1000._’b§HA'has ruled théﬁ
'an employee 8 exposure to t1 anlu ledee in any elghtwhour work shlft af a:
forty-hour week shall not exceed a Time-Weighted Average of 15 mg/m3 in alr.
The American Conferengf of ccvernmental Industrial Hyg;enasts.(ACGIH)A
classifies titanium dio¥fde as a n)\sance dust and recommends a Threshold
Limit*Vaiue, TLV®, of A0 mg/m3. total dh'i or 5_mg/m3 respirableeaust. Du Pont

has elected to obgérve the ACGIH limit.

*Due to chapging recommendations and governmentdl regulations, such as those
of the Depdrtment of Labor, U. S. Environmental Rrotection Agency, and the
Food and Mrug Administration, references herein to dovernmental reguirements
may be Superseded. You should consult and follow t{e current governmental
reguldtions, such as Hazard Classification, Labeling) Food Use Clearances,
Worjfr Exposure Limitations, and Waste Disposal Procedungs for the up-to-date
reduirements, \
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