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Figure 9.46 PFA:BBA mixture pressure gradients response
for slurry concentrations of the order of 50%

4) The slurries tested were all pumped with centrifugal
pumps. A practical limitation imposed for the use of
the centrifugal pumps for the transport of medium phase
slurries is the friction gradient of the slurry trans-

ported and the change in the pump performance charac-
as a result of the presence of the solids in
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Figure 9.47 The influence of fi

ne solids on the per-

c of a centrifuga

e LR et Aot

pump (127,

This observation is global and is dependent on the

distance that the slurry is to be transported, the

static head and the maximum head possible from a series

of centrifugal pumps.

The slurries tested were all subjected to shutdown and

wn
N

restart tests. All the slurries tested were restarted

d maller layer of water existed =~

aa
o =

In all cases provided a sma

on top of the deposited layer, the slurries were easily

JUPSY SRS, |

restarted. This
fluenced by the maximum packing density of the slurry

transported. The actual resuspension of the deposited

layer is dependent on the particle size,
of any pozzuolonic

h

the height o

the deposited layexr and the presence

characteristics.
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The PFA slurry was resuspended by reverse dune erosion

_ (Fig. 9.48) while the larger, non pozzuolonic slurries

were resuspended in a layered fashion.

T T T T T I r i T T vy A L\

undercutting of dune Direction of flow

N

| SR Y,

T T T LT LT T T VvV vyl

{3 1 - 1
| W | W1

I 4
settled material

Reverse dune erosion and resuspension of the

PFA slurries

6) The maximum tranmeeﬂeenﬁai;ign_is_influemd_bg%

the maximum packing density. In general for the

slurries tested, the larger the average particle size

the larger the maximum packing density. where insuffi-—
cient fines are present, the transition from the turbu-

lent medium concentration slurry w
ow as proposed by Streat

ill
in a full cross-section bed fl
(39.41) | practical experience of the slurries

and Wilson
tation in this form is

tested indicates that transpor
prone to blockages and restart difficulties and thus

1imited to very short distances (Chapter 8).

w
\0
(%)



nes are present, the transitions

ling slurry will result i

a pseudohomogeneous paste, that can be restarted and
+ high pressure qgradients (Chapter 8)-

A e
didii (prA-SwarsISS T o9

e

ent f

e

Where suffic

7) The medium phase slurries are characterised by non-

Newtonian rheology.  This is especially
fine particle slurries. This reverts to Newtonian
rheology, the lower the concentration and the coarser
the particle size. The average particle size only’
gives an indication and the quantity of sub 30 micron

~ present will also influence results.

YL ~asa
tne case for

Prediction procedures for estimating the friction gra-

— 4ients should thus incorporate the non-Newtonian rheo-
logy that may occur.
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10 CORRELATION OF THE PIPELINE PERFORMANCE CHARAC-
TERISTICS WITH RESPECT TO THE PARTICLE SIZE DIS-
TRIBUTION AND SLURRY CONCENTRATION

preceding chapters clearly indicate that it is possible
to transport many South African slurries at medium

concentrations while some can be transpor

form.

All the slurries investigated in this study are waste
materials where the size distribution is determined mainly
bi the process involved in producing these products. This

fact to a large extent determines the concentration that
can be transported bearing in mind, that system optimiza-

————tieﬁ—is—ﬂﬁﬂ%—aeeessaziLy44L4factongingjkﬂxumdninggxhg

transport concentration.

Of the various parameters involved in the hydraulic

transportation in a pipeline, the particle size distri-

o 7S

bution of the solids forming the slurry pil
nant role, because of its direct effect on the slurry

2 densityvy and therebv on the

rheology and maximum pa acking aensit

friction loss along the pipeline and the critical deposit

velocity.

The maximum concentration that can be transported is a

basic function of the particle size distribution and the
including the maximum packing

allied characteristics
eological characteristics.

density and the resulting rh
1114 he noted that the rheological characteristics

T d -
1T BNOULT O iV eTle a5 Crl

are not solely dependent on the particle size distribu-
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tion, but can also be in
teristics such as particle shape, particle absorption and

adsorption characteristics and the attractive or repul-

sive charges which may be present.

The maximum concentrations required and tested in this

thesis are generally not based on an optimization of the
transportation of these slurwies but on the end require-
ment of the slurry at the exit of the pipeline. This is
particularly the case in the various backfilling applica-
tions. Modification of the size distributions could thus

possibly result in better performance characteristics, but

is not considered in this thesis.

In general the medium phase slurries (up to 90% of the
acking density) displayed a

= ked packing de ty

maximum loosely packe

mixture of Newtonian and Non-Newtonian characteristics.
The Non-Newtonian characteristics becoming more pre-
dominant as the particle size distribution of the carrier
medium reduced in size and as the solids concentration

increased.

All the medium phase slurries were characterised by

_ critical deposit velocities, the value being a function

of the particle size distribution, particle specific
gravity, the prevalent rheology, the relative turbulence

~avitiYs

an D

astes are characterised by high pressure
ransportation velocities and general non-
A limit to the flow of pastes

The dense phase

gradients, low t

Newtonian characteristics.
£1aw is a function of the

and a transition to bed slip flow is a function of
percentage of micron-sized material and the homogeneity

o)

of the resulting mixture
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The correct use of the size distribution envelope and the
minimum fines requirement facilitates the transportation
of coarse material in a non-Newtonian carrier. Higher

-~ L Al

concentrations are possible with the introduction of the

coarse material with beneficial effects from a pressure

gradient point of view.

The performance characteristics of all the slurries and
pastes transported are dependent on the maximum packing
density, the particle size ‘distribution and the homoge~

neity of the mixture.

The influence of these factors are discussed on a global

<~ _ " » __ . - s
basis in the follow

10.2 The General Relationships between the particle
hysical

size distributions and the associa

characteristics

presented in chapters 7 -9, show

The experimental results
cteristics of a medium and dense

that the conveying chara
phaso paste aro largely decpendent on the particle size

distribution, the solids concentration, the bed-load
component and the allied rheological characteristics.

Quartz based tailings slurries can be transported in a
------- roaagimes at the same concentration. At C, = 67%

IHuiwe L Uf J.t;\_’a.n-vw
a tailings slurry with dg = 156 pm will be transported as

a mixed regime turbulent flow slurry while a slurry with

dgy = 39um will be transported as a laminar regime paste.

The difference in the prevalent regime is influenced by

a number of factors, which in general can be related to

the particle size distribution and its associated charac-
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teristics.

The associated characteristics include:

1) the maximum packing densities, experimental and predic-

ted

2) the surface area for particle wetting
3) the Newtonian/Non-Newtonian character and the associa-
ted absolute values of the rheology.

cteristics are dependent on the complete
tion, but in order to illustrate the general
characteristic diameters are defined. The

characteristic diéﬁéﬁéf!‘utiiised‘afe‘the‘dnW‘{%W4¥ui4¥r—————————————————

values. The d,, and d;, values are based on the relative
percentages passing a particular size, while the d; value
is based on the diameter which wo uld result in half of the

total surface area. The calculation is based on the

following equation:
12 (10.1)

A =
G, =

total surface area per kg x particle
density

The characteristic alametefs——thegmaXLmum loosely packed

volume concentration, the maximum predicted volume

concentrations the surface area and the specific gravity

of all the slurries tested are included in the following

Table (10.1) for comparative purposes.
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Table 10.1 Particle defined characteristics of the slurries tested

Surface
Slurry dlo d50 ds area ? 7,) @ s.g
type (um) | (um) | (pum) |per kg max max 1 max 2 (k?/
of exp m )
sample (%) (%)
(m2) (%)
Tails 1 5,8| 34,9 28,6 155,0 - - 80,8] 2710
Tails 2 6,3{ 37,8 37,8| 137,3 42,8| 78,9 81,1 2780
Tails 3 5,0] 21,2 25,6| 174,6 45,1 77,7 82,7| 2690
Tails 4 6,4 33,2 31,0| 144,6 41,21 76,2 78,1| 2680
Tails S| 19,3| 77,7 73,7 60,6 46,6| 72,2 71,8 2700
Tails 6| 32,3| 88,1 96,8 45,6 47,5 69,8 69,8] 2720
Tails 7| 16,0| 78,8 59,5 74,7 46,8| 74,3 74,6| 2700
Tails 8| 16,2{107,4 64,4 71,9 48,8| 74,8 74,3] 2590
Tails 9 7,1 73,8 39,1 118,9 44,41 79,2 79,9] 2580
Tails 10 s,61 47,4 31,1 146,5 40,3| 80,4 81,6| 2630
Tails 11 1,9} 15,0 14,6 262,5 51,5| 77,8 86,2 3130
Tails 12| 50,0|112,5| 164,8 27,0 - 66,3 66,0] 2700
Tails 13y 5,7 30,3} 26,2 168,9 - 78,2 82,2 2710
Tails 14{ 17,2{169,4 93,8 42,3 52,21 73,8 73,41 3021
Tails 15{175,9/264,0| 515,9 8,6 - 64,9 65,0( 2710
Tails 16| 87,2]|149,9| 257,5 17,4 - 66,0 65,9| 2680
Tails 17{ 39,5{156,9; 96,3 45,6 47,6 72,6 71,6| 2733
PFA 1 2,6 8,6 11,1| 467,2 - 71,5 71,9 2230
PFA 2 4,8( 32,1 26,6 202,0 46,1] 78,9 80,9 2230
PFA 3 5,3| 33,9 27,6 194,7 - 78,6 79,81 2230
HMC 105,7]139,0| 284,7 9,6 - 65,5 66,2| 4400
COAL 78,2|163,7| 285,8 30,4 T 70,0 68,8 1381
DISCARD 1642 9000 6163 1,4 v 75,1 75,9] 1381
Chw 485} 7620] . - gi'% 'Blg’i §;38
BBA 1 212,0| 4936 1548 2,5 - ’ ’
BBA 2  |101,0(503,8| 482,9| '10,5 | 38,9/ 78,0/ 86,5/ 2360
CDW:RPT - Ny ~ o 0O AW .Y -AY ) (oS B .Y
e 76 1 41 q 10/7,0 - 0J,0 (.I-UD) PAY AR N Y]
0,47 : 1} 6,9 ' c1'9| 80.6 - | s8.s| (99,7)| 2710
1,78 : 1| 11,3|245,2| 77,6 57,1 - /I (95,2)
BBA 1 :
PFA 1
. 4| 391,8 - 77,5| (93,3)] 2294
1:9 %:2 ;g:g ;3:3 519'5 - | 87.6l(116,0) 2512
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Sarface
Slurry | dp dg d, ares o e R £.0
type (wn)| (um)} (um) |per kg nax nay 1 nax 7 {Eg\f
sample | 7 | (%) | (%) '
{n?) (%)
—(Coal
Mixtures
Test 1 131,7| 50%2|1067,5 8,1 - 87,14 gg,8| 1381
Tazt 7 73,4] 8435| 674,86 12,9 - B4,4 85,7 1381
Tagt 3 60,1| 2684 | 560,2 15,5 - 82,3 100,0| 1381
PFA 2 ¢
BRAN 2
i:1 11,7 |145,0| 59,3 88,2 - g3,%9 94,3 2293
211 ?:E 7?;5 41;3 123,0 - 32;3 BB;E 22?2
4:1 6,3| 55,6]| 35,8| 148.8 ~ 81,5 B3,1| 2252

the relative influence of the particle giza distribntion
 on thesms charactarlstics are discyssad in turn in the

following sactions.

Tha maximm packing density determines the maximum concen—
tration at which a slurry can be transparted, ba it in
aste form or ag a sliding bed.

typas of packing denalties ara utilised in thie the-

44‘Eii“fhg‘gxperimentai—}agselygpﬂcked denaity and the pre-
r

dicted packing density.

Tha basic relatiopshlp patwoen the experimantal packing

density and the dg and 4, is {1luerrated in Figura 10.1.
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a5t fine. mau.vrl'all . » v }eonr'u: _m‘aforlal.
30 i i i j .‘
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Characteristic size (um)
- dso0 + ds
Figure 10.1 The relationship betw@éﬁ4a%;7n“fﬂjKr1ﬁaqnuf444444444444444447

d

S

In general there is an increase in the &, ., with an

increase in both the dg and the d,. The trend is not ab-
solute although the similar shaped and sourced tailings
lie within a fairly close band. The different materials
___tested lie scattered around and generally above the quartz

based tailings band.

— The relationship between the experimental o, , and &,

exp 18 illustrated in Figure 10.2.
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P@max exp (%)

O
(é}}
T

(4]
Q
T

40

T

35

64 66 68 70 72 74 76 78 80 82 84
@max pred 1 (%)

tween the experimental and predicted

values, shows a general decrease in &g, ep with an in-

crease in o, ;- This trend is consistent with the trend

observed by pabak(®® and is also illu
for tails 1 - 11. This general band,

to use the predicted values for estim

e A ad 2
Straveu 41n

- 1 Y A
QAL dily « - b 4 a8

maximum concentration at which a slurry could be transpor-

ted. The o, pred relationship with the dq, is even more

__gcattered than the relationship with &, ep (Fig 10.3).
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65t ¢ ¢ 'D abB . =
d10 trend } :
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Characteristic d (um)

* d10 fines + d10 coarse ¥ d10 mixtures D ds0 fines

Figure 10.3 The relationshj:p%e%weeitkzm—xrandjle—d{wﬂjnd—
dyo

The trend established between the 2y, and the d,;, is more
clearly defined than the trend with the d;. The equation

A eaad

best fitting the @&, of the fine materials

SQR(Z,,, ;) = SOR(-7,935E-

The relationship between the d,, and d;, and the oy, for

___the mixture slurries is dependent on the mixture.
general however the predlcted packing density increases
in the characteristic diameter (Figure

-
411

€

%
e

L)
L=

= o
(V]

n decrease

-

0.

w

).

Two different predictive methods are used to estimate the

maximum packing density. The relationship between the two

methods is illustrated in Figure 10.4.
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Pmax pred 2 (%)

®
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L
T
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70 T

65+

60 .
75 80 85 90 95 100

@max pred 1 (%)

60

* fines + coarse *—mixtures

Figure 10.4 The relationship bet

Several characteristics are evident.
of the predicted 9, (<76%) a good correlation
between the two predictive methods. Above &, i

vy Y. |
(& )

ship a ars to be more scattered al

lie around and above the @py 1 = Pmax 2 line. The second
results in suspect values for the mix-

prediction method
logy for obtaining the

~ ture slurries. The general methodo

ased on determining the minimum value of

Bpax preq Value is b
r 4 matrix of particle size mixes.

n the i.

)
[V
&)

Minus values are obtained for the RPT:CDW and the PFAl:

BBA 1 mixtures. The lowest positive value obtained is
given in Table 10.1. Two of the values are larger than
100% which would in

N
e &8
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for determining the predicted value of g, for mixtures.

ith regard to the coarse mate-

rial slurries (Sections 8.2, 8.4 and 9.6) is difficultto—

relate to the fine slurry performance characteristics

without knowledge of the wetting characteristics of each
product. The trend nevertheless indicates that more

liquid is required to "wet" the finer materials, and
therefore results in "thicker" slurries relative to the
coarser slurries at the same concentration.

Surface area (m~2)
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« d10 * ds

Figure 10.5 The relationship between the surface area per

kg of material and the d;, and d

In general the surface area decreases with an increase in

the d., and d, respectively. The equations best fitting

- “10 -a s
i i ow.
e experimental Pp




LN(5R) = -0,8134 LN(d;y)+LN(661,47) (10.3)
LN(SA) = -1,011 LN(d,)+LN(4823,6) (10.4

'he surface area can also be closely related to the o,

Surface area (m~2)

a

ELS
o
o
\
|

BBA1:PFA1

&

(@]

(@]
T

: : ~ a]
200+ - . . . o : ._#.

BBA2:PFA2

b . : +
: exp quartz fines trend %
100 : ' o pred tines trend o \“ - COW:RPT
. L g

-, % +4 Coal mix
] 1 } 1 XX - xX- )

0 t
40 50 60 70 80 90 100
@max (%)
@max exp fines + omax pred 1fines ¥ @max pred 1 COW:RPT
O @max pred 1 BBALPFAX @max pred 1 COAL MI¥  Omax pred 1 BBA2.PFA
lgure 10.6 The relationship between the surface area per

kg of sample and the predicted and experimen-
acking densities

‘-l

4 .
La

al decrease for an

@ surface area per kg shows a gener
for the fines materials testeds— The ——

crease in g, exp
lationship is defined by the equation:
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LN(SA) = -0,8134 LN(d,o)+LN(661,47) (10.3)
LN(SA) = -1,011 LN(d,)+LN(4823,6) (10.4)

—__The surface are ‘ lated to the
a can also be closely related to tue

7/

max

exp and zmx 1 (Figure- 10.6) .
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Figure 10.6 The relations
kg of sample and the p
tal maximum packing densities

The surface area per kg shows a gen
terials tested.

__increase in By, ep fOF the fines materials

hip between the surface area per
redicted and experimen-

eral decrease for an
The

relationship is defined by the equation:




when correlated with o, , (tails only):

LN(SA) = 13,33 LN(2,,, 1)+ . = .

The mixture slurries of coarse and fine materials, show

a different trend to that shown by the fine materials.
There is a general decrease in surface area for an in-
Crease in e, , with each mixture having its own definite

relationship with &, ;-

The surface area of the waste materials forms an important

component of the value of the rheology that can be expec-

Wﬁeﬂ%ﬂwunt
of water required to wet the outside of the particles and

A

g T - = .
the smaller the amount of free wa

number of parameters, the best character
be used given in Table 10.2.

Table 10.2 Best characteristic diameter for estimating
e size related characteristics

particl
——
Varfable [Characteristic Relationship
Al assand aw
0 +7,73E-04*d
ma (%) d LN ) = LN(43,59)+7, 50
X exp dio ,_,,f:::: g::) - LN(43,3)+1,17E-03*dgg
B C P ) d SOR( « SQR(-7,935E-02)*SQR(d;)
s v o 3 (8'%;’) N(661,47)
urface area d LN(SA) = -0,8134 LN(d; +L '
per k 10 .- N (d.)+LN(4823,6)
Per kg (n) dg LN(SA) = -1,011 L (59
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These relationships, if the particle size is known, can
then be utilised to estimate the type and value of the

rheology to be expected.

10.3 The general relationship between the type and
value of the rheology with the characteristic

diameter and the maximum packing density

In general the medium phase slurries displayed a mixture
The non-

of Newtonian and non-Newtonian characteristics.

Newtonian characteristic becoming more predominant as the

.
e o wman

particle size distribution of the carri
in size. These slurries all displayed settling characte-
ristics, the critical deposit velocity being a function

ium reduced

]
aYy Mmoo
A2 3 AP WA e vASSS

of the particle size distribution, the prevalent rheology,

the slurry concentration and the pipe size.

The pastes all displayed non-Newtonian characteristics

with no or limited settling characteristics.

racter is related to the

The Newtonian/non-Newtonian cha
size distribution and the

concentration, the pa
maximum packing density.

‘tween—the%measuredkwall stress

The general relationship be .
hear rate and the dg, and the experimental
and 10.8 respectively.

CRilvA A v = =

at a constant s
@ is illustrated in Figures 10.7

max
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_ Figure 10.7 The general relationship between the measured

wall stress and the ds for constant volume

concentrations and shear rate




Shear stress (Pa)

Afr~_é . -
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Pmax exp (%)

Cv (%)
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Figure 10.8 The general relationship between the measured

wall stress and the &, for constant volume

~ concentrations and shear rate

r trends with increasing
and increasing

vave simila
wall stress, with decreasing dgy and Fpyy

volume concentration.

The steepness of the curves is an indication of the non-
ture. At the lower concen—

Newtonian character of the mix
i A i i a Newtoniancha-
trations the trend is linear indicating a
the volume

racteristic for all the slurries tested. As
meter and lower

concentration increases, the smaller diame 0
packing density slurries move into the non-Newtonian
being accentuated at the higher volume

regime, this tren

concentrations.

In this way the shear

shear rates.
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The resulting data can
stic model to obtain

shear rates can be established.

then be fitted to the yield pseudopla
timate of the rheological parameters. It

should however be stressed that it is preferable to con-
{ecometer test to obtain this data, as

variables other than the particle‘Size4dis;¥ibuti°n—can———————————————44

d value of the rheology for any

influence the type an
particular slurry.

gy has been established, the appropriate

ol
Lllc

Once the rheolo
thods can be utilised to estimate

predictive me
slurries

expected performance characteristics of the

(Section 10.6)

The rheology of the mixture slurries is more complex and

4444diffiéﬁIf‘f6‘ésttmatef——An—app:oxlmatlon of the carrier
rheology can be made from the previously mentioned family
of curves (Figures 10.7 and 10.8), once the excess water

of the —carrier has been

and volume concentration
established

The excess water available is determined by measuring the
wetting characteristics of the

absorption and surface
tracting this quantity of wate

from the total present. This method has been shown to
V clec The

—give a reasonable estimate of the prevalent rheology.
transport of coarse mixtures can however be complicated

und the central
by the formation of a dilute annulus aroun
s are difficult to

core. The properties of this annulu
estimate and could possibly result in large errors, when

using the above approach.

coarse material and sub
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10.4 The transportation of medium phase slurries

The transport of a medium phase slurry is characterised
by a number of parameters. A normal heterogeneous type
slurry is characterised by the g eneral features illustra-

ted in Figure physi
increases, the tendency of the curve to flatten out and

reach a minimum becomes less pronounced.

The non-Newtonian character of the medium phase slurries
tested further enhances; the carrying capacity of these
slurries, the reduction of the critical deposit velocity
and the reduction of the pressure gradient in the region
above the new critical deposit velocity. This result is
more evident when transporting a coarse material in a non-

4“‘N6Wt°ntan‘ftnesgcarrier—thgure—9+46\.

the medium phase slurries can be

gical response*measured—{ef44gﬁ¥444444444444444444

tendencies are evi-

+ha asured
\vllv ‘n‘— s -- ==

Mha W2 L 3 £Y%aca ~&
ine nign speea 119 Ow Oi

correlated to the rheolo
slurry. Where strong pseudoplastic

dent, lower friction gradients in terms O&
headloss (metres of fluid pumped per length of pipeline)

can occur.

The conveying of medium phase slurries is generally

‘44—4imiga&—te—4ﬂu}—pumpgcaDacltv and the maximum packing

heolo and
density. The influence of the slurry rheology
{1lustrated in Figure 9.47. Positive

displacement pumps can be utilized to transport the::
slurries, but the relative economics of both systems ne

i i of a system.
to be established prior to the tallation Y

[ W ia
LJIE AW

-I-l




10.5 The transportation of dense phase slurries in
paste form

The transportation of a high concentration slurry in paste
form is characterised by a number of features:

1) For a slurry to be transported in paste form it is

essential that the mixture is a homogeneous non-

settling mixture. To a large extent this is determined

by the percentages of -50 pm material. For the quartz

based tailings the limiting sizes to allow the forma-
tion of paste transportation appear to occur in the
region of dg < 50 um and d,; < 20 pm. This limitation

¢t absolute as variations within the size

is however no
racteristics

distribution together with the packing cha

———and various interparticle forces will ultimately assist

in determining the final characteristics.

Quartz based tailings with the characteristic particle
sizes larger than defined apove will generally be

transported as a sliding bed.

2) The pressure gradients of pastes are mainly dependent
lacsecar dpnree

on the rheology of the mixture and to a lesser

on the flowrate of the mlxture. The yield pseudo-
ble to the pastes

~ plastic model is aenerallY applicable

transported in this study.

he laminar flow region and

3) Pastes are transported in t
locities (of the order of

can be transported at low ve
0,1 -1 m/s).

tionary'paste pipeline is generally

4) The restart of a sta .
up of the conveying

1 214
characterised by a gradual DPHZEE © . .
pressures normally associated with

pressure to the
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conveying at the start up flowrate. Pseudo pastes or

sliding bed slurries are characterised by the need for
an excess pressure requirement to restart a stationary

pipeline.

tight control

and the particle size distribution,
to ensure the above are kept

MO A &11 ™A o
lll@uﬂ UL TGO GLU Luguiavd Lo g L2814 1

within the system limitations

P e
[ %

6) The coarse mixture pastes have lower pressure gradien
than the fines only pastes. Furthermore the operating
band of concentrations increases as the percentage of
coarse material is increased. This increase in the
concentration range is allied to the apparent increase

4——————1n4thegpredicted4max1mnm packing density.

To be able to transport a slurry in paste form a number

S

of requirements have to pe‘fuifiiiedT——Thesegincludg s

The most important criteria for any fine material paste
is the ability to form a homogeneous mixture, even when
the paste is stationary. As previously stated, for the

k.

quartz based tailings this appears to ©
-50um and -20um fractions.

[
A

e related to the

Two practical rule of thumb tests can also be utilised

to determine the likely degree of homgeneity.

the mixture to be

The first test involves placing
I1f a fist is

transported in the na'lm of the hand.
omgeneity is established by

slowly clenched, then the h
the response of the mixture as pressure is applied to

it‘
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transported as a paste. If the solids remain behind
in the hand and only the water or a dilute slurry is

Feat aatesane maanam Wwasram s

squeezed out, then the slurry is likely to be trans-—
ported as a sliding bed with possible problems occur-

~

ring due to the non-homogeneous and settling nature of

the mixture.

A further test can be accomplished by drawing a smooth
If a smooth shining surface
If the -

surface over the mixture.
remains, then transport as a paste is possible.
surface is dull with holes in it paste transportation

is unlikely.

rule of thumb tests are applicable to
nd the fines and coarse nmixtures.

The above two

hoth +ha €2
CLi e 1Ia

2)

tions are not exceeded.

i) The carrier itself should be pumpable in paste

form - -
tes size distribution must 1i€

within the boundaries of the respective top size

pumping envelopes defined in DIN 1045. This
bec:mes more critical as the percentage of fines
decreases. In mixture pastesflnes are re?a?ded
as the material less than 212 um. Tﬁe mlnlm?m
percentage of fines for coarse/fines mixtures is

of the order of 16% of the total mass of the

solids.
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iii)

There are generally insufficient fines available
below this value to form a homogeneous mixture and
blockages are thus generally the order of the day.
Besides the minimum fines requirement, the water

content should be regulated to ensure that the

medium is not too dilute as the fines

will then not bind and support the coarse
The ge-

carrier
carrier

material and segregation can then occur.

neral band of volume concentrations that can be
transported for the quartz based mixtures is of
the order of 82% - 96% of the g, , value. For

the BBA/PFA mixtures this range changes to 64% -

82%.

Too nx.gn a water comncen

iv)

mixture which in the main i

to blockages.
It is important that prior to any paste being

gh a pipeline that the pipe

transported throu
This is particular-

surface is suitably "wetted".
ly important when coarse/fines mixtures are trans-
This can be achieved by pumping a dilute
on slurrv or water prior to the mixture

Y e
IIJ.’ D.L
transportation It is important to seperate the
the paste by some form of

ported.

fines
4+ lliED

10.¢6

The prediction of the slurry friction

barrier such as a 'pPig’ especially if the paste

is a coarse mixture.

The prediction of the performance characteristics

of medium and dense phase slurries

gradients for the

flow;ng in the mixed flow turbulent

Medium phase slurries-
regime can be achieved through use of the modified ’‘wasp’
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model, provided that the correct rheology is utilised.
This method as with most other methods, is not absolutely
universal but will provide, as shown in this thesis, a
reasonable prediction in most cases.

At the lower concentrations where the rheology approaches
the Newtonian predictions of viscosity, marginal differen-
ces in the predictions occur if the Bingham, Yield Pseudo-

Plastic or Newtonian flow models are used to predict the

vehicle friction loss. This difference becomes greater

as the non-Newtonian behaviour diverges from the predicted

Newtonian behaviour.

For the medium phase slurries, the ideal approach to esta-
blishj rheology is to conduct viscometry

hing the type of rheol i
tests. If test work cannot be conducnefthen—&ﬂ—fﬁf&aii
estimate of the type of rheology and the maximum packing

<z ~& i
£f curves 1 u

density can be obtained from the family o
Strated in Figures 10.7 and 10.8.

The laminar flow non-Newtonian homogeneous pastes are

modellEd well using the laminar flow equations for the
ield oseudoplastlc models.

of the rheology can be established from
lationship between

Gensities becomes more CrI
lncreases' it is advisable to COnduct v1scometer tests.

- -

The prediction of the critical deposit velocitie
Medium phase slurries is not an easy task. In general the

methods used in this thesis overpredict the critical depo—
n of the Thomas metho

Sit velocity. Wwith the exceptio

of the

r-Y -4
[~ 4
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(Table 9.11) none of the other methods incorporate the
effect of the changing rheology on the support characte-

rict s ~o - L o=l 2 9 _ L e ememee 1 d mememm o gy
ristics of the vehicle. This reason would appear To

indicate in general why over predictions occur.

In general the Thomas and Wasp predictions appear the more
suitable for the finer slurries while the Durand ap-
Proaches are more applicable to the coarse materials where

the rheology is predominantly Newtonian.

10.7 Conclusions

included in this thesis has

1 M
-—-a =

ractical importance of the particle size
teristics on the trans-

'.a
=
o
[
0
[
ct
0
Q.
ct
=
o
4

allied charac

The correlation of the rheological chara

Characteristic diameters and maximum packing densities

indicate that a general relationship occurs between these

Parameters. The general relationship band however
furthermore indicates that other factors are prevalent in

the final rheological make-up of the slurry.

SRR e e vawWygewsms SSEEOE

The results of slurries tested indicates that particle

} . have
Size distributions with a‘d44>4i30—ﬂm—will—ge“era11V

Newtonian rheology up to C,’s of 45%. Slurries with smal-
ehihit n-Newtonian charac-

ler dgy's can be expected to exhibit no
teristics below c, = 45%, the smaller the d; the lower

the concentration at which non-Newtonian characteristics

are evident.

aximum
In general the finer the material, the lower the m dmu
centration at which

Packing density and the lower the con
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non-Newtonian characteristics are evident, and the larger
the likelyhood that a high concentration slurry can be
transported as a paste. The percentage of -50um and -20um
present also influence this characteristic.

The prediction

o an v ~l- e

fAarml and oem - ng Lo}
~NTA .I.L UBJ.J.VBU o as)iry I-lle yuun iy Vi opu

in a good correlation with experimental

does not result
results. The experimental value is also dependent on the

consolidation of the sample. Prediction of rheology based
on maximum packing densities should take cognisance of the
data available and the type of packing density utilised
in the derivation of the formuli.

444444£now1edgego£4thegdwhandgmaximum packing density facili-

tates the approximation of the rheology of the slurry for
different shear rates, and derivation of approximate rheo-

constan . i

however be conducted to validate the initial characteri-

sation.

'Wasp’ method based on the turbulent

- = PRGNS AT o ade o an

The non-Newtonian
the laminar flow non-Newtonian

flow Torrance equations,
models and the Hanks dynamic parameter appear to be

_____ ememmemman crharasntoaan
\'

suitable for the prediction of the performance characte
ristics of mixed regime medium phase slurries and dense
provided that the correct carrier rheology

phase paste,

————is utilised.
The inclusion of coarse material in a fines carrier has

a mixed influence on the performance characteristics. 1In

medium phase slurries, the inclusion of coarse material
resuits in an increase of the critical deposit velocity

and the pressure gradient in the zone surrounding the
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