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TECHNICAL l it e r a t u r e

Please approve the attached publication. Any comments and/or 
changes to this publication must be signed and dated. See note below.

TITLE: Rutile Pigment Slur^es (T1O2 Slurry Booklet}

PURPOSE: Revise, update & replenish stock* '•

*Those whose name follow the asterisk (*) above certify that the pro­
duct and performance claims contained in subject material are 
accurate and that the files of the Chemicals and Pigments Department 
contain data to support the claims. They further certify that any 
claims attributed ‘to non-Du Pont sources are consistent with our 
knowledge and experience.
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FOREWORD

As pioneers in the development of titanium dioxide slurry 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- 
<S

norai^S, and ecological benefits to be derived from it* If, after reading this 

booklet, you wish to explore the possibilities of conversion to slurry, 

please contact your local Du Pont representative or our Wilmington office:

Jl/ de-
E. I. Efa Pont^-Serapany— 
Chemicals and Pigments 
Wilmington, DE 19898 
Attn: Manager, TiOg Products
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INTRODUCTION
............... -.......... ■ , : A

Commercial titanium dioxide production in the United States began at the 

end of World War I. For the next fifty years, the standard shipping package 

was the 50 lb multi-wall paper bag. In the late 1960*s, an innovative 

departure from dry bagged pigment in the form of a high solids anatase Ti02 

slurry was offered to Ti02 users in the paper industry. Enthusiastic and rapid 

acceptance prompted development of rutile Ti02 slurries for the coatings 

industry. The first of these, designed for trade sales flat paints, was 

introduced in 1971. Since then, high solids slurries for durable exterior
^ co)

coatings and gloss wall and trim paints wcee introduced. For paper, slurry
ftP5)

offerings were broadened to include a specially developed rutile slurry which 

offers improved optical performance both in wet end and paper and board 

coatings.

'xviVM: iWik^iNsiys:;;

The Information sot forth herein Is furnished free of charge and I$ based on technical data that Qu Pont believes to be reliable. It Is Intended for use by 
nersons havlna technical skill and at their own discretion and risk. Since conditions of use are outside our control, we make no warranties, express or 
impZ, aXuZTnoIn coZeZnwIth any use of this information. Nothing herein is to be taken as a license to operate under or a 

recommendation to infringe any patents. _________ _______________________________ _______ . _____________. ___
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Demand for Ti02 slurry has grown rapidly, exceeding 90,000 tons/yr in 

1980, By 1988, U. S. consumption is projected to be 170,000 tons annually. 

Economies support this ready acceptance and rapid expansion. In most 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,

.Mmiy-^iOj? ■ consumero-c-anr jtrst"3rfy",,aierry..u-oag-e. factors such as, actual
■ j-.iffy

savings generated, annual consumption, cost of conversion, mode of delivery 

and freight costs(control) the economics:

Paint producers report savings of two to six cents per pound of 

Ti02? paper mill savings (may reach^ ten percent of pigment 

consumption. Employing a checklist (Figure I) is a convenient
Ca^ojl JU.

way to tabu lute savings.

No set amount of TiC>2 consumption has been established to justify

slurry system installation. Under favorable conditions, as
|va»b-c

little as 300,000 lbs/yr^may be sufficient 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 

f rom «r truckload ■ <ana..wss point

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

$200,000.

)
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• Mode of delivery can influence both conversion and operating 

costs. Railcars contain approximately 10,000 to 12,500 gallons 

(60 to 75 tons Ti02, dry basis), depending on grade. The mini’" 

mum recommended storage tank capacity is one and a half carloads. 

Smaller tanks than this make it difficult for the customer to

schedule deliveries and can lead to demnyjWge charges. Slurry 

systems designed for routine servicing by truck permit smaller 

storage, and recommended capacity is one and one half truck
—-v.

loads. Systems with under 5,000 gallons storage capacity are in

jvT

Slurry properties are carefully Controlled in order to facilitate manu­

facture, shipment, storage and handling:

• 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 

not expected to change with age. Proper rheology is obtained 

without elaborate dispersant combinations or high dispersant 

levels.

yss imwa&wss $.ss«>«Tsfe. ■ w«**.->,y*TsOsvs»
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• Solids level is kept high to allow in high solids paint and 

coatings formulas and to avoid shipping large quantities of 

water. Currently marketed-grades range from 62% to 76% solids*

• 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.

' "$«• Bacteria can live in slurry, biostats are included in the recipe.

Upon receipt, certain preca|$/ikons roust be taken by the customer to insure

• Settling can be expected from 

is soft, easily reincorporatex

ities is a necessity.

• Slurries are formulated at hig.. —, --------- --—,---------- „—

ation of even small amounts of water results in formulation of

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- 

percent\solids and simple formulas with low dispersant levels is limited 

tdrataHcy and increased tendency to form dry flakes. Formulation problems 

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.

satisfactory storage and use.

tolerated. Proper agitation

dried flakes on slurry wetted container walls. "Jt is therefore

4
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AND I^DEiNG SYSTEMS

Du font offers consulting and design assistance for installation and use 

Of Tic>2 slurry facilities. Once the needs of a TIO2 user in a given applica­

tion are established, the design of facilities to use slurry is relatively 

straight-forward^ but recognition of slurries' unique characteristics is 

essential* Extensive experience in the manufacture, distribution and use of

Ti02 enable us to recommend economical routes to using slurry effectively. 

Our design staff can prepare complete plans and estimates for a slurry system, 

and assist in procurement and installation of the equipment.

Since needs of the user vary widely we have-not pi spar ed pactagsJ ay s'CginS^

.preferring to^design installations^toWe have de-
V:' ~'y'r/:0~

signSd^png package system for low volume cases {truck receipt) which can be

installed in 3 to 5 months ♦ jTiming jjg-bheee -cases may take 7 to 10 months from 

authorization to start-up. )

In a well designed system, slurry Can be pumped and stored as easily as 

other bulk fluids. Conversely, inadequate design can lead to problems such

as pigment settling resulting in tank heels and plugged lines and valves,
. mmktm , ,

A typical slurry ayateem consists of an unloading pump station, storage
fwlVov f fan!) fh

tank, and distribution s^feem (Figure II). A system for two grades of slurry

will of course need two storage tanks and two distribution systems, but one 

unloading ^ysiem 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.

DUP050070564



Unloading Station

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 hee^ls 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
.firte t/e&j

requires the pump for recirulation. (See Unloading Preood-ur-eo,)

removal

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 PumpSjg)

Truck unloading stations can be simpler since trucks do not require 

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 TiC>2 slurry storage tank arrangement is shown in ^Figure IV|, 

Tanks are typically flat bottom cylinders and holdypbeait 1 1/2 carloads (or 

truckloads) ox±ntBB&rf& usage and inventory heeds dictatewi

Tanks may be made of (f 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.or concrete-tile tanks can be erected in place.
\o c l &l £.

Since slurry is deliaoc-ed warm and has a high heat capacity, 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 occur;and continued agitation can provide

enough heat input to keep the^ slurry f nsul^ted and

can deliver slurry in the|coldest
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Agitation

Ti02 slurry storage tanks roust have agitation to prevent settling and 

maintain product uniformity. Slurry at full strength, or diluted to some 

constant solids level a percentage point or two lower, settles very slowly*. 

Sediment 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 is 

satisfactory, using turbine blades and wall baffles in the usual cylindrical 

flat bottom tanks. The agitator will cost up to half as much as the tank 

itself. 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 TiC>2 slurry leaves little spare water and 

makes it quite vulnerable to drying and caking if tank humidity is not close 

to 100%. Dried TiC>2 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 TiC>2 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.

-■C; vt—S,f£?_r ’Svze.YM'-, ....,...........

vo-
.?>■
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Distribution Systems

The simplest system delivers felesetfi amounts of slurry to a batch tank* 

This can be accomplished with a pump at the storage tank, a transfer pipe, and 

a batch meter at the use point. The pipeline 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 often advisable 

to use a header line past the use points looped back to the storage tank and 

maintained under pressure by a control valve at the tank return. Individual

take-offs can be metered at each locatiory^Figurg“"VI-K

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. - :

X

In some applications, i£ is desired to deliver slurry to a continuous use 

point at a low TiC>2 rate that would be difficult to meter and control 

accurately (TiC>2 feed to the wet end of a paper machine). In this case, slurry 

is diluted to some low concentration (1 lb/gal) and then metered to the use

\

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

(Figure Vlj|^ . Here slurry dilution is controlled by density measurement in

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

is circulated through a loop line to the use points.

Since diluted slurry settles rapidly, it is necessary to keep it agitated 

continuously and moving constantly in the pipelines. In a dilute system, no

K

dead pipe areas can be tolerated.

>
» n
37

iiji SV3«0>!5K
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Pumps

Either centrifugal pumps with open impeller^ or air diaphragm pumps are 

preferred for TiC>2 slurry service.

Centrifugal pumps are generally chosen for higher pressure duty (above 

80 psig) and/or continuous operation such as for a loop system; or where 

suitable air Supply is not available for air diaphragm pump operation, 

stainless Steel is the prefered material of construction.

Diaphragm pumps are chosen for lower pressure duty and for intermittent 

operation such as car unloading or direct batching, ^he air diaphragm is ex­

cellent for moving slurry and is simpler to install and monitor than a Centri­

fugal and costs much less. Aluminum is acceptable for slurry service in an 

air pump. It will eventually become eroded but will give long service and is 

economical to replace (cost is about 1/3 that of a stainless unit or a 

centrifugal pump). For metered delivery a pulsation damper at the pump 

discharge is advisable. For the free flow of car unloading, 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 

ft/second in order to avoid settling in pipes. Minimum diameters recommended 

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.

zK-teMZmm® d||||||> c o mpu t at io n s h s t  Sh s :et  w& ----------

r?

ys.c SCA ■ SKSSW'Ti.t:. 3 v-8
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Valve selection is limited to ball* butterfly, and diaphragm types. 

Other valves will wear# plug, or bind, in slurry service. Ball valves are 

generally used for the best all around service# but particularly for frequent 

manual on/off operation and where complete shutoff is necessary. Butterfly 

valves are an economical alternative in less demanding locations such as in 

the unloading lines. For automatic control or regulation, diaphragm valves 

are preferred.

Ins tr umen ta tion

Tank level indicators are a matter of individual choice, in some cases 

visual indication through the translucent wall of an FRP tank is acceptable. 

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
ts

measurement with internal elements e*e undesirable because any structure in 

the tank is subject to high stress from the agitated Ti02 slurry flow, and 

pigment will tend to block or plug confined floats, etc.

We have found the magnetic flow meter to give the best all around service 

in slurry metering applications. It can reliably measure continuous or batch 

deliveries of full strength or diluted slurries over a wide range. It does

not require flushing after use, but taihef is best left full of process fluid 

at all times.

ft 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-mete ring arrangement can be made using the positive 

displacement feature of the air diaphragm pump. Control systems are availabe 

to count the pulses of the 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 put# itself is the metering element.

5:3" SC’ 3 V >' SSS-:S iViil ;VS!: *? s tvsi' ;i! ?; s« srn s.ijSbT s-'S
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4S**W*Low Cost slurry System

One exception to the general practice of custom designing each slurry 

system is our low cost slurry system (LOSS). This is a 5V000 gallon system 

for small volume users, designed ■ ni nrry V"^if n« , n

receive truck shipments and deliver metered batches of slurry to a single use

The LOSS system (Figure VIyflfj is based on a conical bottom tank design 

without an agitator. Slurry suspension and mixing is achieved by periodic 

recirculation through a vertical internal header pipe. An air diaphragm pump 

provides recirculation and delivery. Batching is automatic with an oscil­

lating piston meter, and includes automatic water flush. The tank and piping

^ OPERATIONS

Unloading Practices

(Read Personal Safety Section before handling TiC>2 Slurry)

Railcars are unloaded as described in detail in our instruction manual

"Railcar Unloading Procedures for Ti-Pure® Ti02 Slurry". .A-detailod pipifig* 

*ra=c>f q typical., nnl«T!,,i,,inrT 11 wwi'm'| w

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

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;.I +
4**

for a few minutes.

Pressurize the car.

• 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.

............................: n ;
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Cars can be unloaded with air pressure alone but pumping/recirculation 

is advisable to completely empty the TiOj* Using air pressure on the car 

during pump unloading ^&te4a.speeds up the unloading and promotes more complete 

draining of slurry from the walls.

s Trucks are usually unloaded with air pressure alone and most do not have 

ecirculation headers. Settled pigment is not generally a problem with trucks 

since they are unloaded within a few days of filling. Most trucks are equipped 

with their own power-take-off air pump. AW is used to blow the lines clear 

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

intenance

Slurry tanks normally require a minimum of maintenance. Concrete-tile, 

FRP, and SS tanks are essentially maintenance free. The lining of a steel tank

should be inspected periodically as it may require repair or replacement in 

5 to 10 years; small defects in the lining can be patched with an air-dry epoxy* 

Slurry tanks should be inspected frequently to assure thatA humidifi­

cation system is performing satisfactorily. Wall scale formation on. the .walls
■y A
«f inadequately humidified tanks is a major source of quality problems.

Normal maintenance practices are satisfactory for slurry equipment, but 

the caking and settling properties of slurry must be considered during 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 Ti02 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 filling 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 chemical|qwill severely flocculate pigment.
DUP050070571



I - 7‘

"fin.*: o f  Pnoi o k St mo *.

HE'Cs-U WG 3^££T SfiKS-y >{o>

• $*RO*. Ofif St u o v n o .

- WP«'KS ...

i&iif
^ s € ^ a ^ ** ** 57 ?s ?o £i %z 7a ^4 s*» as as "5*9 3n

PERSONAL SAFETY

N«

Health^az^fe ^ <£&*&■ #/tirn‘e* <*r* */k»f£f+*. d*i ck**»r

In Du PomL tests, dusts of titanium dioxide produced a response in the

lungs of rats comparable to the effects giv/dn by inert or nuisance dusts.

Titanium dioxide\is regulated as^yan ^ir con»aminan^ by the U. S, 

Department of Labor (0SHA1 under Titlp<29 CRF 1910.1000. OSHA has ruled that 

an employee’s exposure to titanium/dioxide in any eight-hour work shift of a 

forty-hour week shall not exeeada Time-Weighted Average of 15 mg/m3 in air.* 

The American Conference of Governmental Industrial Hygienists (ACGIH) 

classifies titanium dioxide as a nuisance dust and recommends a Threshold 

Limit Value, TLV®, of/10 mg/mJ total du^ or 5 mg/m3 respirable dust. Du Pont 

has elected to observe the ACGIH limit.

*Due to changing recommendations and governmental regulations, such as those 
of the Department of Labor, U. S. Environmental protection Agency, and the 
Food and/Drug Administration, references herein to governmental requirements 
may bepsuperseded. You should consult and follow the current governmental 
regulations, such as Hazard Classification, LabelingVpood Use Clearances, 
Worker Exposure Limitations, and Waste Disposal Procedures for the up-to-date 
r oquit ements,

-20-
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