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Foreword

ISO (the International Organization for Standardization) is a worldwide
federation of nationa) standards bodies {(ISO member bodies). The work
of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for
which a technical committee has been established has the right to be
represented on that committee. International organizations, govern-
mental and non-governamental, in liaison with ISO, also take part in the
work. 1SO collaborates closely with the International Electrotechnical
Commission {IEC) on all matters cf electrotechnical standardization.

Draft International Standards adopted by the technical committees are
circulated to the member bodies for voting. Publication as an Interna-
tional Standard requires approval by at feast 75 % of the member bodies
casting a vote. *

International Standard 1SO 8685 was prepared by Technical Committee
ISO/TC 128, Aluminium ores, Sub-Committee SC 1, Sampling.

Annexes A, B, C and D of this International Standard are for information
only.
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Aluminium ores — Sampling procedures

1 Scope

This International Standard sets out requirements
for the sampling of aluminium ores from moving
streams and stationary situations, including
stopped-belt sampling, to provide gross samples for
sample preparation. Stopped-belt sampling is the
reference method for collecting ore samples against
which other sampling procedures may be compared.
Sampling from moving streams is the preferred
method. Sampling from stationary situations should
only be considered when sampling from moving
streams is not possible. The procedures described
in this International Standard for sampling from
stationary situations merely minimize some of the

-sampling errors.,

Although this International Standard is intended to
cover all aluminium ore sampling from moving
streams, the procedures recommended may not be
applicable in cases of extreme segregation, for ex-
ample very wet ore due to s sticky nature, or very
dry ore due to generation of dust. In such cases it
may be necessary to revert to stopped-belt sam-

pling.

2 Normative references

The following standards contain provisions which,
through reference in this text, conshitute provisions
of this International Standard. At the time of publi-
cation, the editions indicated were valid. All stan-
dards are subject to revision, and parties to
agreements based on this Internationa) Slandard
are encouraged to investigate the possibility of ap-
plying the most recent editions of the standards in-
dicated below. Members of IEC and SO maintain
registers of currently valid International Standards.

ISO 565:1990, Test sieves — Metal wire cloth, perfo-
rated metal plate and electroformed sheet — Nominal
sizes of openings.

1) To be published.

ISO 3534:1977, Statistics — Vocabulary and symbols.

SO 6136:1991, Aluminium ores — Experimental de-
termination of the heterogeneity of constitution.

ISO 6139:—, Aluminium ores — Experimental deter-
mination of the heterogeneily of distribution of a lot.

1ISO 6140:1994, Aluminium ores — Preparation of
samples.

ISO 9033:1989. Aluminium ores — Determination of
the moisture content of butk material.

1ISO 10226:1991, Aluminium ores — Experimental
methoeds for checking the bias of sampling.

ISO 10277, Aluminium ores — Experimental
methods for checking the precision of sampling.

3 Definitions

For the purposes this international Standard, the
definitions given in 1SO 3534 {including the terms
“precision” and "accuracy”) and the foliowing, ap-
piy.

3.1 bias: The tendency to obtain a value which is
persistently higher or persistently lower than the
true vaiue. Alternatively, the difference between the
true valuve and the average result obtained from a
large number of determinations using a biased
method.

3.2 constant mass division: The method of sample
division in which the retained portion from individual
increments is of uniform mass.

3.3 out: A single pass of the sampling device
through the ore stream.

3.4 divided increment: The quantity of ore oblained
by division of the increment in order to decrease is
mass. |
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3.5 division: The process of decreasing the sample
mass (without modification of the particle size of the
constituent pieces) where a representative part of
the sample is retained while rejecting the remain-
der. | '

3.6 fixed rate division: The method of sample div-
ision in which the retained portion from individual
increments is 3 constant proportion of the original
mass.

3.7 duplicate sampling: A particular case of repli-
cate sampling {with oniy two replicate samples), for
the purpose of estimating the average precision of
sampling from a number of lots or sampling unifs.

3.8 gross sample: A sample formed when all the
primary increments or subsamples, either as taken
or after having been prepared individually to a par-
ticular stage of sample preparation, are combined
in the correct proportions for preparation of a labo-
ratory sampie.

3.9 increment: The guantity of material extracted
from the lot in a single operation of the sampling
device.

lot: A quantity of ore delivered at one time for
which the gquahlily characteristics are to be deter-
mined.

NOTE 1 The ot may be composed of one or more sam-
pling units.

3.11 isolated Iot: A lot that is 1o be sampled without
knowledge of its sampling characteristics.

3.12 manuval sampling: The operation of sampling
when the increments forming subsamples and gross
samples are taken by human effort using a hangd-
heid implement.

3.13 mass-basis sampling: The method of taking
Increments at uniform mass intervals throughout the
lot or sampling unit.

3.14 mechanical sampling: The operation of sam-
pling when the increments forming subsampies and
gross samples are taken by a sampling machine.

3.15 nominal top size: The size of aperture of the
finest sieve {complying with 1SO 565) through which
95 % of the mass of the ore passes.

3.16 random stratified sampling: The taking of in-
crements at irregular intervals within constant in-
tervals of time, mass or space.

3.17 reduction (in particle size): The decrease in
dimension of the pieces constituting the sample
without maodification of the mass or composition.

3.18 replicate sampling: The taking of increments
from the Jot at equal intervals of time, mass or
space.

NOTE 2 The increments are placed in rotation in differ-
ent containers lo give several replicate samples of ap-
proximately equal mass.

3.18 sampling unit: The discrete units (e.g. trains,
sections of beit, daily production) which comprise
the lot.

3.20 strata: Approximately equal parts of a lot or
sampling unit, based on intervals of time, mass or
space.

3.21 subsample: A quantity of ore consisting of a
number of increments taken from a part of the lot;
also a composite of a number of increments each
having been individually prepared as necessary.

3.22 systematic stratified sampling: The taking of
increments at regular intervals within constant in-
tervals of time, mass or space.

3.23 time-basis sampling: The method of taking of
increments at uniform time intervals throughout the
tot or sampting unit.

4 Establishing a sampling scheme

41 General

The basic requirement of a correct sampling
scheme is that all particles in the stream have an
equal oppoitumty of being selected and appearing
in the inal gross sample for analysis. Any deviation
from this basic requirement can resull in an unac-
ceptable loss of accuracy and precision. No incor-
rect sampling scheme can be relied upon to provide
representative samples.

Sampling should be carried out by systematic sam-
pling, either on a mass basis (see clause 8) or on a
time basis {see clause ), but only when it can be
shown that no systematic error could be introduced
due to any periodic variation in quality or quantity
which may coincide with, or approximate to, any
multiples of the proposed sampling intervals.

As an example, a primary cutter may be cutting a
stream of ore which is being reclaimed from a
stockpile by a bucket wheel reclaimer, At both limits
of the buckel wheel traverse acrpss the ore face on
the stockpile, the ore may have different properties
from that of the middle of the stockpile {due to seg-
regation} It is quite possible that every time the
primary culter makes a cut, the cut coincides with
ore being delivered from the limit of a traverse of the




bucket wheel reclaimer and a systematic error could
thus arise,

This same provision applies to secondary and sub-
sequent stages of division where it is felt that a
systematic error could arise, due to the manner in
which the ore is handled and presented to division
apparalus.

in such cases, it is strongly recommended that
stratified random sampling within fixed mass or time
intervals be carried out {see clause 10}.

The methods for subsampling and sample prep-
aration depend on the final choice of sampling
scheme and on the steps necessary to minimize

possible systematic’ errors arising during subse-
-~ quent division steps.
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h} determine the minimum gross sample mass 1o
achieve the required sampling variance {see
clause b5},

i) determine the minimum primary increment mass
(see clause 7};

j) determine the sampling intervals in tonnes for
mass-basis systematic sampling (see clause 8)
and siratified random sampling within fixed mass
intervals {see clause 10), or in minutes for time-
basis systematic sampling (see clause 8} and
stratified random sampling within fixed time in-
tervals (see clause 10},

k) take primary increments at the intervals deter-
mined in step j) during the whole period of han-
dling the lof;

) combine the increments (see 85 or 3.5) nto

. 4.2 Safety of operators subsamples or a qross sample (an exampie is

+ | given in figure 1);
Due consideration shall be given to the safety of

operators when employing any method of collecting
_samples from stationary situations. The applicable
safety codes shall be respected.

m) subsamples are usually prepared and analysed
separately to improve overall precision; they

0

)

4.3 General procedure for sampling
The general procedure for sampling is as follows:

a) decide for what purpose the sampies are being
taken, e.g. monitoring plant performance. use in
commerciat transactions;

hy identify the quality characteristics to be meas-
ured and specify the overall precision and sam-
pling precision;

o} identify the lot or part of the lot to be sampled:

4) ascertain the nominal top size and particie den-
sity of the ore for the purpose of determining the
minimum gross sample mass, primary increment
mass and cutter opening in the case where 3
mechanical sampler is used, or the size of fadle
in the case where manual sampling is employed.

e} determine the increment variance, I, or the pa-
rameters of the variogram il the variogram
method is used for the quality characteristic(s)
under consideration (see 1SO 6139),

fi determine the coefficient of variation belween
particles, C,, of the guality characteristic(s) un-
der consideration {see I1SO 6138);

g} determine the minimum number of primary in-
crements, n, and sampling units, k, required to
achieve the required sampling precision (see
clause 5i:

may aiso be prepared
1) for convenience of materials handling,

2} 1o provide progressive information on the
quality of the lot,

3) to provide, after division, reference or reserve
samples,

4} to reduce any bias in the test result for the
moisture content of a large lot caused by
moisture lass {or gain). due to climatic con-
ditions.

It is permissible to divide increments at step l) be-
fore constituting a gross sample or subsample, pro-
vided that the mass of the divided increment
axceeds the minimum mass determined in step i}.
the whole of the primary increment or divided pri-
mary increment is crushed, to enable further div-
ision it is necessary to recalculate the minimum
mass of the gross sample and the divided primary
increment using the pominal top size of the crushed
ore.

NOTEJ  When sampling an isolated lot in which the in-
crement variance (or the variogram) and coefficient of
variation between particles, (,, of the quality character-
istics under consideration are not known, it is not possible
to design a sampling scheme which guarantees that the
specified sampling precision will be obtained. In this situ-
ation, the number of increments to be taken and their
masses should be agreed between the parties concerned.
When sampling of the isolated lot has been completed, it
is possible, however, to determine the overall precision

obtained using the appropriate method specified in
SO 10277
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44 Overall variance

The overall variance, denoted by aém, for measur-

ing the mean value of each quality characteristic is
comprised of three components, namely the vari-
ance of sampling, the variance of sample prep-
aration and the varniance of analysis. The
reiationship is as follows:

2 2, 2, 2
Ospm = s+ op + oy

where

og is the variance of sampling;

op is the variance of sample preparation;

T\ is the variance of analysis (measure-
ment). |

The method for determining og, op and a,, may be
found in 15O 10226,

The sampliing variance consists of two components,

namel% the short range gquality fluctuation vari-

ance oqgy and the long range quality fluctuation
2

varance HQEQ

The relationship is as follows:

2 3 2
Og = Oqey + Oqes

The short range quality fluctuation variance 2also
consists of two components as follows:

2 2 2
Oqer = Ore T OGE

where
2 : ,
cee . 15 the fundamental error variance:

2 . : .
ocse S the segregation error vanance

Thus

2 2 2 2
Og = Opg + Oge + Gaps

The fundamental error variance depends on the
gross sample mass while the other two components
depend on the distribution heterogeneity of the ore
and the number of increments. In this Internationa)
Standard, the minimum gross sample mass (see

6.1} is chosen so that
2
9 g

G

2

- in the equation for ogpy, abave, the major part of the

overall variance i1s often due to sampling errors.
However, when a very precise resuit is required and
the sampling errors have been minimized, con-
sideration shall be given to increasing the number
of sample preparations and/or analyses performed
in order to reduce these components of the overall
variance. This is achieved by carrying out multiple
determinations on the gross sample or preferably
by dividing the lot into a number of sampling units
and preparing and analysing a stbsample from each
sampling unit {see figure 1).

The overall variance is then given as foliows.

a) when a single gross sample is constituted for a
lot and r replicate determinations are carried out
on the gross sample,

P4
2 2 2, “u

b} when & subsamples are prepared and analysed,
each constituted from an equal number of in-
crements, and » replicate determinations are
carried out on each subsampte,

2 2
Tapp — Oa v A
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Figure 1 — Example of a sampling plan including six secondary increments

(Mixing, reduction and division steps have been omitted for simplicily )
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5 Number of primary increments and
sampling units |

5.1 General

The number of primary increments to be taken from
a lot or sampling unit in order to attain the required
sampling variance is a function of the variability of
the characteristics to be determined. This variability
depends on the amount of segregation present in
the ore, the particle size range of the ore and the
mass of the lot or sampling unit. it is determined
experimentally for each type of ore and expressed
in terms of either the increment variance ¥V, or the
intercept A and slope B of the variogram in accord-
ance with 1ISO 6139.

CAUTION — The determination of moisture requires
special consideration due to the fact that it is ex-
tremely difficult, if not impossible, to retain the in-
tegnty of the sample over extended periods of
sample coltection. [n such cases a bias may occur
which can only be overcome by collecting moisture
sampies al more frequent intervals than may be
dictated by a simple calcutation of increment num-
bers of sampling units based on a certain precision.
It is therefore recommended that moisture tests be
carried out on a number of subsamples and the
weighed mean of the test results recorded. This will
reduce any bias in the test result caused by
moisture loss {or gain) due to ciimatic conditions. i
will also result in better precision.

5.2 Calculation of the number of primary
increments

'‘hen the variability of the ore has been determined
the number of primary increments to be taken from
the lot can be calculated from the following formuis
at the desired sampling precision

5.2.1 Increment variance method

V

-—y

)= -

¥l k2

Y

where

I is the number of primary increments:

|2 15 the increment variance:

-

o 15 the desired sampling variance.

EXAMPLE

Minimum number of primary increments for different
vatues of ¥, and ag

Table 1 — Minimum number of primary increments

required
[ Sampling standard deviation, 7,
4 | !
LA 0.2 0.5 10751 1 | 2
L I — i .
025 25 7 {1 1 1 )1
1 100 25 4 2 1 1
4 400%) 100 16 8 4 | L
9 ao0h 3 225 36 i6 g 2
25 | 2500m | 625" | 100 | 50 | 25 | 6
100 {1 1060001 | 25001 | 4001 ] 200 | 100 25
h

1} Values indicate that the specified precision may
not be practically achievable. In this case, it will be
necessary to adopt a poorer sampling precision than
that specified in 4.3 b) .

5.2.2 Variogram method

a) Systematic sampling

A+ \/Af+§-n;nLa§

n—
Zr:ré
where
n 15 the number of primary increments;
A IS the intercept of the corrected
vartogram;
/1 s the gradient! (slope) of the
varicgram:

ay ts the mass of the lot

1s the desired sampling variance

bl Stratified random sampling

! —_—— e S —amE W —— S ——

4
4+ \f A% 4 3 H???Lné

—_—_— e Emm . hmw - A . AT e———

2
2-«15

n—=

g ——— L .m

EXAMPLE

Assume that systematic sampling is being used and
that the parameters of the variogram for Al,O5 con-
tent, determined in accordance with 1SO 6139, are
as follows:

A4 =03

f# = 00001

m = 30000t

7 = OV % {mrlm) A O4




i

1LndsS
0.3+ \/0,09 +%~x0.000 1 % 30 000 x (0,1)°
e — 2x001

0.3./0.09 + 0,02

= 0,02
063

002

=32

5.3 Calculation of the number of subsamples

When the variances of sample preparation and
measurement are known, the number of sub-
~ gamplies, k, can be calculated from the lollowing
formula:

ﬁz

2 M

| LA £
Fspm — Og

_where ogpy. 05, @, 0y and r are as previously de-
fined.

Several iterations may be required to find the cor-
rect combination of og and k.

6 Mass of gross samples and subsamples

6.1 Minimum mass of gross sample

ii is essential to ensure that the mass of the gross
sample is adequate to achieve the required sam-
piing variance, If the gross sample mass is too
small, the desired sampling variance wiil not be
achieved, even though sufficient increments, as cal-
- culated in 5.2 may have been taken.

The mimmum gross sample mass is given by the
foHowing empirical formula {see annex A}

4 Cu ’ 3 2
”IG::( T )pgi) }<1U 7

where

me is the minimum gross sampie mass. in
kitograms;

C, s the coefficient of variation between
particles of the quality characteristic un-
der investigation. (according o
1SO 6138);

o is the required relative sampling error

{standard deviation);

ISO B685:1992(E)

p is the density, in tonhes per cubic metre,
of the ore particles (not bulk density);

£ . is the size range factor given in table 2;

D is the nominal top size, in millimetres, of

the ore in the lot.

Table 2 — Size range factors

Size range Value for 2

Large size range (D]/D" > 4) 0,25
Medium size range (4 2> D/’ = 2} 0,50
Small size range (DY < 2) 0,75

Uniform size (D}’ = 1) 1,00 ,

D is the nominal top size of the ore; |
D’ is the sieve size retaining 95 % of the ore.

The variation of minimum gross sample mass with
nominal top size for various values of C [og is shown
in figures 2 and 3 (assuming p = 2,5 /m3).

EXAMPLE

Take the case of sampling an aluminium ore of
nominal top size 224 mm and of particle density
2,5 t/m3. Assume the size range is large, the coeffi-
cient of variation is 20 % and a sampling error of
0,5 % is required. The minimum mass of the gross
sample is given by the following formuia:

2
Mg = ('62%) x 2.5 % 0,25 x (22,4)° x 10~ ©
= 11,2 kg

6.2 Minimum mass of subsamples

The mintimum mass of individual subsamples shall
be as follows:

a} when the mdividval subsamples are prepared:

and analysed. the minimum mass of the sub-
sample shall be not less than that of the mini-
mum gross sample calculfated in 6.1;

by when individual subsamples are combined to
form a gross sample, the minimum mass of the
subsample. m,. shall be mgfk where £k is the
number of subsamples as defined in 4.3 b).

6.3 Minimum mass of crushed gross samples
and subsamples

If gross samples or subsamples are crushed to per-
mit further division, the minimum masses may be
calculated vsing the formula in 6.1 and 6.2, by in-
serting the nominal top size of the crushed ore,
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Figure 3 — Minimum gross sample mass as a function of C /r, and of nominal top size

0,01

RSB AT B Y T A Ly ne ¥t
. B St TN LT LRSS : P d "
. T S et L TR - ) -
SO SR J ISO 8685:1992(E)
s .-.r"' ..N-.II-\-..I-':JI'--I Lh'l-:“: d.:..r‘ :'-":-:;-' ::F
- P
~ SR R LE L .
— ' .
PRI I A %' T -; m _ TR TIRH
. . - TITY [ ) | 11 b 1 i H
1-_;::--' ";l?_ "sr';_ _1 qu m F hu'.ﬂ 1 'l | .‘l‘ﬂ‘ | Il||1| i'--llml . rl iHi i { '-i- % 1 L - ; 1
R ] 1 i [ ! i
R &N i.pf : 1 1 : ! ‘ ibh '|r ] £
-3 “‘i-',"'ﬁ‘ | ) : T + X .
i : T A
'-,,_H’,'|""="":~ g ~‘_;__’ I-‘;:, T=f e t £y th tE HEERH S i 1 3aits I: t: ‘ i 5 v - wo
- = 3 i r!t . { .-L .f"‘_'ll F'I-‘tt i -L.-l t‘E"[L.I i. : E- Y :JF M T 1'.' E‘S-
: AT R BT R e
R it bl b i R NI “:]
- wd = . - Pl 54 +.i.| r iy 1 wia -
kL M= . | : - % I
2 ¥ Tiiaze=t ;I E i. ] i it : it It
. T . H * - i_ ) 1 113 . ] H 1IN ", i T,u -4
} ? A -l' i ! Tl 1 FEVE I LT IR r L FEOL T
T i R it { :
gt HEHH | b c, i
| l. EY 1 LL) L _I 4 _1 L. = 1 H]LII' J - k. - 4 t. -P 3 1} "I f "-H-'ESO L
I 1 r' i T ' Hld l i F“ HIE i ]
[ 1’” r-r 3 |' . L] Ll S F 8
100 fiH s TR R REH 1
a #1231 ] s B Y -I'O :l:
¥ SET ] -—
i | | ‘ 7S e
1 llirl
it st - T : ; HORT e C )
| ok & ¥ 1 F I L -
1§ "4 1 H’ - H & LF- s a - Ft- X H :F
l" kT Ll :. 1 HIHE 1 ol = *rr . 1 1'1 l]_ 3 : ::-‘él' 12 - r a =30 :E
tlu 23 FH " ad & 4 =h s .- edil3 3 u H rrl ¥ I' H ..H 3 r..tl 't
H 1 H ! l_ 1 ]Hq { 1:1 ”i -”l!tf 1 Hit I ‘J.| [ r }}:Hi?!_”! 4 -IH
.l 1 3 11 |. 1t it l 1l 1 [ :
1 l i rlﬂ ; ul it 12411 1 3 H! VEEEEECH 'r.zmHRHLLL T
4 nise wd s d ] =23 S siliad - 5 H 1 gy
- : w3 kb 1310 - I} 1381} 1 1 b o i b4 » E. -::
i e T at A ) BT ] —C 220 §
H ] ; ; 1 b 13 ¥ I Y [l‘ ¥ ] I t 44 .t ] 1 r|- rr 3 'r-.: 1 b [ -:t
s LG R TR s R e (S .
HHHEHHH L ' r LTI TR TS E L }rwlrrljﬂ THHT '
5 -t- - r 3 L N "I '4" {{: 1. 1 I H ]1 L X ]H-u- .IJ- 1w = -| e 3 =
2HE RS B i -
- P K| f fr 11 r F“HI" ) r‘b H 1_t:| H; |.[ i |.[ | b1} |'|l 4 Irt |" 13
H | L L b F=1z k & [ ] TR ]
1 G g 't - T "h | LE H - H |u-[ ruy E
LY K | - H FJ,E . M r $11] 1 TITRRIINATE] C fie
PR Tiaa .ﬁ“, ; f{{iE 112004 T 1 3 139:418 i 1] I‘PH s 11 : 3 ) =1{} E
E "'_. |" 4 I- i I t ¥ H - :.E‘ E-:E i Pi r rl‘;\- 1 E: h._ !:E t |: HE 1..,!:1 ! rI‘ 1|.1 : : 1 : r lI 4 # US :F|
g BIHETHHR AR LT fiilis : T (e AR A By o o
— il ity apsgginany L +”ll, bt R R I Bt e s i g
- SRR TR CY t il 1 i ] y ) 11 " 1 ] b 1143 = 1 ,_".‘ | 13 L 3
0 H: S THRTHHOHE AT f : 1L Litihni it
+ 133 = tr”E 44 [._ 2 i93d ¥ 1323313 HErk ] ; 3 1 Ao
E ". . - H 1hi:]4 ;) " ] . 3 1 411s :‘ 3 TR 5 ] E1:‘ ,] 4: | ..I 1:* F:uH, 11; ln::
ﬁ.” HHEHISI 1330 1300 1 ! | ‘1 H | {1414 ‘
F l f[[ i |- r |' H * ] 4 r L l ,|||. ..| yyrrs ] Fl r‘[ b5t Ln—ll +3) I H J |:||' 4T ¥ r"": JJ[..'J"H' J l T
n H L 43 rH 1 :le--'- H i FH 1] |' L H 1 L b4 1) 1IF
| [LEL[jL[ IHEU §2i] F { []I.[ [F[[ ] il 1 r! Wri*! { 1114 n‘1 I1|' H H
-x 2 MEERT 1 ] 't ] b2l ] 2
1'& H - 1121 abida A4 : \ r : t '-:- [ H1 4 H H'-"'
1 . - H - I '} N } [ ” il Hr i ! H ] .
1 : i1 ’ bl_ i rr rp [‘ s 13 ] 3 TI I} i It '-H
u - ¥ 1 T H [ L1 B B FETEREL YL 13+
B A D G L S
r - T ] i : F "": | 1 rr L 41 b: : 2F) !:rr“.-_- 111 'l‘ p“r- Hl_: l':'ul“
s ris il iR R R e R R R e, :E HHHE it
GO T IR sididegedtane duatiag tis RIS 1RRT 3 M TNNS it 11 s B R
;‘E{rhl :-I"-';i':_' I_*1 {H ...:j' L:ﬂt Irll-r 3 : :-H ]F = Jt: : rE |- 3 [ F 1 : h - Fr‘ j T g H
;.’J:.-.l - P] » ..1';.—',” ,_1:],"_':] he :_,'..."1 a: E ru""h;:] rJ *_r'- :h ] I: l'[l 3 [|'|' rtltr r..l. FEYITEL IR Y I: 138 I.H_-i' r{_-t-r-'!-_'-[f 13
nhpmgda rh=y - LEr+ H 3 1S HH \ "r_m \ 1 - - - X 14 ] i1t 1 4% 4 -
JHETH A Cdtiida e e R I B R
-1 ' 3 T J"' ! TR T i 1111 1 X l
i 1 ]L |. |.|- ! l 3 l 3 Ftl‘ 1f I' ] ] H} [ |. k- I 1 r L 1 |_ I"'E
1'U: F F b l 1 LL | LH'L-LIL-FE 1 1} IbFI: 114 }: i 3 | ] ; ] f t h tl.rl. ) t Ib L HJ H (143
BHHR O e R i r n ' HEire { {fafgeen
X L 13 r b 3 1 4 YAk
TR g ute g gl hasa s e I Lsitib b * .
—"'L 4 ] ! s h:‘r‘:a.‘, - L+ LEELs1 113 a 4 i 1 1 ' T
01 Vg -2 8 =) 4 ] F1t By - e b 1 1 3
! -|: 1 - 3 FENFE R 11 1 et s bbb bras bbb itsld ] 1- ;‘I‘" "L 1 1|'-t" Trl T
- . 4 4 % k1 1Y i TEITTI b E.I L { L = H 2 b3
{ 1 | 1- 1 L JAla b b il 1191 rIl A4 bacdd H ) l':i ] } ] 1
HEELRL 4 §43 :..E_f': i :F iy 111 ;h ] _,r 1 1 '[E | 1 1 3 r: ...H: s
Lt-lE, .I F! I:r EEEqI‘ ] L E g 1) I:[ E r ; r-»-llll--l‘h - l
l+-|r|' -Il] -|H‘ﬂ |-r1[[ ] — |- rll-- l-ht-lrl.‘l- b H-r.-lL Lr- l-lhrh-rb ‘F k Ht T3 rrt L ll- [1 [ F T llil'llr [ i Il 11
. [ ' .
1) IR RN i TS ] 4 1L 1SS Hii
=~4 HiiiiE - 3 ] ! T { 15334l i [, F4%
il 1 ; g 117183131111 ] Lrlrl-lr_n%lr:
i :. 1 3 Hr LJ [ 1;1 : 1T P‘lrh ]- 1 f ] 1 1 'j-l [ s
i . , NI T e
ey | | HIEHIH i fifTEnt HHIH iR il
H 1 H ‘r4 I r (Ll r 14 l Y H f 11 1 )
il L i | ' iR
] i 3358 l *{I ! 11T 11 1 SN0 i}t.
]:‘-I l[ l ri LP rrl - r“ {r ] l \ ] i ] !

Nominal top size {mm)

(for a nominal density of 2,5t/m3 and ¢ = 0,25)

——_ — —_— —_— —_— -




Py

= .
Lﬂmﬁ-&mﬂm,_}h._

oo e @p‘f- #ﬁMJWﬁH&%#*Fr S ;mj‘ﬁﬂ‘“" '-:;ﬁq; LR AR
h ' . I. . P e | [hd [ - ' !

ISO 8685:1992(E)

7 Mass of Increment

74 Minimum mass of prlmary increment

Althnugh the concept of minimum mcremen! mass

is not absolute, the increment mass must be large
enough to ensure that the minimum sample masses
specified in 6.1 and 6.2 are exceeded. Thus, the
minimum mass of a primary increment, m, is given
by the foliowing formula:

mg (Q)ngDa
M="7"=\ 3 n

where n'is the number of primary increments cal-
cutated in 5.2,

% 40~ °

This ensures that the gross sample or subsample,
consisting of the combination of primary incremenis,
is always of sufficient mass.

The minimum mass of primary increments or the
number of primary increments will need to be in-
creased accordingly if subsamples are prepared or
if separate gross sampies or subsamples are re-
quired for chemical analysis, moisture determi-
nation and physical testing.

7.2 Actual mass of increment for sampling
from moving streams

_The actual mass of increment taken by a cutter-type

sampler from the ore stream at the discharge end
of a moving stream may be calculated using the
following formula:

Py, = Tm bﬂ
=
3.6 v,
where

1, Is the actual mass, in kilograms. of in-
crement;

q,, Is the flow rate, in tonnes per hour, of ore
stream;

h, Is the cutting aperture, in metres, of the
sampler;

v, Is the cutter speed, in metres per second.

of the sampler.

When the flow rate is high, the actua! mass of a Dri-
mary increment will nearly afways greatly exceed
the value obtained from the formula in 7.1. In fact, it
IS determined by the minimum cutting aperture de-
termined in 11.3.1 and the maximum cutter velocity
specified in 11.3.2. Unless these two conditions are

respected, the increment may not be representative
of the ore from which it was taken.
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'7.3 Subdlvlslon of large prlmary Increments

The methnd for subdivisinn ﬂf Iarge lncrernents is

_' specrﬂed m B 10 and 9. 3

" ‘The apparatus for division may be coupled auto-
- matically to the mechanical sampling equipment,

but all of the processes after collection. including
storage, "shall be carried out in enclosed and

draught-proof cnndltmns to minimize changes of
moisture content.

Secondary and subsequent sample dividers which
are on-line shall have culting frequencies which are
not in phase with the primary sampter or with each

other and shall operate continuousiy throughout the

whofe sampling period. -

7.4 Minimum mass of crushed increments

if the primary increment is crushed to permit further
division, the minimum mass of the divided primary
increment may be caiculated using the formula in
7.1 by inserting the nominal top size of the crushed
ore. |

NOTE4 The minimum mass of any increment is never
to be less than 100 g in order to maintain the integrity of
the increment as it passes through the sampling system.

B Mass-basis sampling

8.1 General

Mass-basis sampling may be used irrespective of
fow rate variations. When sampling from moving
streams which show a wide variation in feed rate
{t.e. greater than 20 % from the nominal rate) it is
the preferred basis for sampling.

Mass-basis sambling tnvolves the following two
steps. |

a) Spreading the number of primary increments re-
quired on a uniform tonnage basis throughout
the mass to be sampfed.

b) Extracting from each tonnage interval an almost
uniform mass of ore [at either the primary (pre-
ferred) or secondary division steps] to give an
almost uniform mass of sample reporting to the
gross sample or subsample.

“Almost uniform mass” means that the coefficient
of variation of the increment masses shall be Jess
than or equal to 20 %. For example, when the aver-
age mass of increments is to be 40 kg, the in-
crements shall be taken in such a manner that
95 % of the increments vary between 24 kg and
36 kg with an average of 40 kg
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if the meﬂ‘ ctent of variation of 1he mass of mclmdual | |

prrmary mcrements Is greater 1han 20 %,

1 each primary increment shalt be sub;ected |

separately to division {ac:cc-rdmg to the rules
of division) and determinatlﬂn c:f its” quahty
characteristics, or

2) primary incre'rrients shall be subjected to
constant mass division prior to combining
into subsampies or a gross sample.

8.2 Sampling interval

The interval between taking primary increments by
mass-basis sampling shall be determmed from the
following formula:

mn,-c:-—?

Am, is the mass interval, in tonnes, between
taking primary increments;

. IS the mass, in tonnes, of the lot or sam-
pling unit;

m IS the number of primary increments cal-
culated in 5.2.

8.3 Cutter
Either of the following cutiers may be adopted:

a) a hxed-speed cutter whose cutting speed is con-
stant during the course of handiing the entire lot;

b) a variable-speed cutter whose cutting speed is
constant while cutting the stream but can be
regulated, primary increment by primary in-
crement, corresponding to the flow rate of the
ore on the conveyor beft

8.4 Taking of primary increments

Each primary increment shall be taken by a single
pass of the sampling device so that a full Cross-
section of the stream is taken.

The first primary increment shall be taken at a ran-
dom mass less than Am, (see 8.2},

Thereafter, the required number of primary In-
crements shall be taken by systematic stratified
sampling on a mass basis, i.e. at a fixed mass in-
terval Am,. and this interval shall not be changed
during the entire course of sampling of a lot.

The mass interval between primary increments
should be smaller than that calculated from the
number of primary increments determined in 3.2, in

ISO 8685:1992(E)

order to ensure that the number or primary in- -
~.crements to be taken will be larger than the mini-
-mum number required. :

If the .planned number of primary increments has
been taken and the handling has not been com-
pieted, additional increments shall be taken at the
same mass interval until the handling operation is
completed.

8.5 Constitution of a gross sample or
subsample

A gross sample shall comprise ali the primary in-

crements or subsamples, either as taken or after

having been prepared individually to a particular
stage of sampie preparation and then combined in
the correct proportions.

If the coefficient variation of the masses of primary
increments is greater than 20 %, the primary in-
crements as taken shall not be combined into sub-
samples or a gross sample, and the requirements
given in 8.1 b) [ 1) and 2)] shall be observed.

A subsample shali comprise consecutive primary
increments, either as taken or after having been
prepared md;wduaﬂy to a particular stage of sample
preparation and then combined in the correct pro-
portions. Each of a series of subsamples for a !ot
shouvld be made up of an equal number of consec-
ulive primary increments.

CAUTION - Care should be taken not to attribute the
precision of a test result from a lot to the test result
from an individual primary increment or subsample
formed in the above manner. The test result from an
individual primary increment or subsample cannot
be used to characterize the lot or the sampling unit.

8.6 Method of division

Constant-mass division is a method of obtaining
divided subsamples or grmgq samples having almost
uniform mass (7, < 20 %% regardless of the variation
in the masses 10 be divided. Cutter-fype dividers
with variable cutling speeds can be used for this
type of division,

Fixed-rate division is a method obtaining divided
subsamples or gross sampies having masses pro-
portional to the varied masses to be divided. Rotary
sample dividers or slotted belts can be used for this
type of division.

8.7 Division of increments

Where increments are divided and subsamples or a
gross sample constituted from such divided in-
crements, the division shall be carried out as fol-
lows:

11
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a) it the coefficient of variation for the masses of
increments is greater than 20 %, the division. -

1 shall be carried out on an increment-by-

increment basis using constant-mass division:

b) if the coefficient of variation is less than or equal
to 20 %, either constant-mass or fixed-rate div-
ision can be used.

The number of cuts and their minimum masses shall
be as specified in 8.10.

8.8 Division of subsamples |

Where subsamples are divided and a gross sample
-  constitited from the divided subsamples, the div-
ision shall be carried out as follows:

: . @) when the coefficient of variation of the masses

of subsamples is less than or equal to 20 % and

- the subsamples consist of an egual number of
increments, both constant-mass and fixed-rate
division may be used:

b) If the subsamples consist of different numbers of

> increments, fixed-rate division shall be used.

The number of cuts and their minimum masses shall
be as specified in 8.10.

8.9 Division of gross samples

Normally the gross sample is subjected to sample
preparation in accordance with the procedures
given SO 6140, However, where division of the
Qross sampie is carried out in an on-line situation,
the number of cuts and their minimum masses shall
be as specified in 8.10.

8.10 Number of cuts for division

The minimum number of cuts and thewr minimum
masses shall be as foliows.

a) Where 3il increments or subsamples have been
combined and mixed to form a gross sample
from a lot or sampling unit; a minimum of 20 cuts
of minimum mass m,/20, where Mg 1s the mini-

mum gross sample mass calculated in 5.1

, b} Where several increments have been combined

and mixed to form a subsampie for analysis: a
minimum of 10 cuts of minimum mass M {10,

¢) Where individual primary increments are to be
divided; a minimum of 6 cuts of minimum mass
mgf6n, where n is the pnumber of primary in-

| crements.

d) Where individual secondary and subseguent in-
crements are to be divided; a minimum of 1 cut

a '
|'--"'.__- 1

per secondary or subsequent increment of mini-

mum mass mg/np, where n is the number of pri-

-mary increments ‘and p is the final number of
' subsequent cuts per primary increment. .

For. constant-mass division, the interval . between
taking cuts shail.be made variable according to the

- mass of the gross sample, subsample or increment

o be divided in accordance with the principles of

8.2. The first cut shall be taken 3t random within the
first mass interval.

For fixed-rate division, the interval between taking
cuts shall be constant regardiess of the mass of the
gross sample, subsample or increment, to be div-
ided, in accordance with the principles of 9.2. The
first cut shall be taken at random within the first time
interval.

NOTES The division of divided gross samples, sub-
samples or increments below their minimum masses at
any stage requires particle size reduction before division.
The minimum gross sample mass, .. should then be re-
calculated as specified in 6.3,

9 Time-basis éampling

9.1 General

Time-basis sampling may be used when sampling
from moving streams which preferably do not show
a wide variation in feed rate, i.e. less than or equal
1o 20 % variation from the nominal rate.

8.2 Sampling interval

The interval between taking primary increments by

time-basis sampling shall be determined from the
following formuia:

50y
Al < 7.7
where
At is the time intervat, in minutes, between
taking primary increments:
m Is the mass, in lon.nes, of the lot;
g, s the conveyor load rate, in tonnes per
hour:
n Is the number of primary increments cal-
culated in 5.2.
9.3 Cutter

The cutter shall be a fixed-speed cutter whose cut-
ting speed is constant during the course of handling
the entire lot
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0.4 Taking of primary increments

. Each primary increment shall be taken by a single

pass of the sampling device.

The first primary mcrement shall be taken at a ran-
dom time less than At (see 9.2).

Thereafter, the required number of primary in-
crements shall be taken by systematic stratified
sampling on a time basis, i.e. at a fixed time interval
At, and such an interval should not be changed
during the entire course’'of sampling of a lot.

The time interval between primary increments
should be smaller than that calcuiated from the
number of primary increments calculated in 5.2, in
order to ensure that the number of primary in-
crements to be taken will be larger than the mini-
mum number of primary increments specified.

If the planned number of primary increments has
heen taken and the handling has not been com-
pleted, additionat primary increments shall be taken
at the same time interval until the handling opera-
tion is completed.

‘9.5 Constitution of gross sample or

subsample

Primary increments may be combined to form gross
samples or subsamples in either of the following
ways.

a} The primary increments as taken may be com-
bined into subsamples or a gross sample Irre-
spective of the variation of masses of the primary
iIncrements.

NOTES When subsamples are analysed o deter-
mine the quality characteristics for the lot, the mass
of subsample, or the mass of sampling unit from which
the subsample has been taken, should be determined
in order to obtain the weighted mean of the guality
characteristic for the lot.

b} Primary increments may be divided by fixed rate
division and the gross sample or subsample may
be prepared by combining divided increments,
provided that the mass of the divided increment
is proportional to that of the primary increment,
so that the weighted mean of the quality charac-
teristic for the lot is retained.

9.6 Division of increments and subsamples

After time-basis sampling, division of increments
and subsamples shall be carried out by fixed-rate
division. The number of cuts and their minimum
masses shall be as specified in 9.8,
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9.7 Dlvislon nf gross samples

Normally the gross sample IS subjected to samp!e
preparation in accordance with the procedure given

in 1SO 6140. However, where dwisinn of the gross

sample is carried out in an an-lme situation, the
number of cuts and their minimum masses shall be
as specified in 9.8.

9.8 Number of cu_ts for division

The minimum number of cuts and their minimum .
masses shall be as follows.

a) Where all increments or subsamples have been
combined and mixed to form a gross sample
from a lot or sampling unit; a minimum of 20 cuts
of minimum mass m;/20, where my is the mini-
mum gross sample mass calculated in 6.1.

by Where several increments have been combined -
and mixed to form a subsample for analysis; a
minimum of 10 cuts of minimum mass 7 f10.

c} Where individual primary increments are to be
divided; a minimum of 6 cuts of minimum mass
ms/6n, where n is the number of primary in-
crements.

d} Where individual secondary and subsequent in-
crements are to be divided; a minimum of 1 cut
per secondary or subsequent increment of mini-
mum mass mg/ap, where nis the number of pri-
mary increments and p is the final number of
subsequent increments per primary increment.

For fixed-rate division, the interval between taking
cuts shall be constant regardiess of the mass of the
gross sample, subsample, or increment 1o be div-
ided, in accordance with the principles of 9.2. The
first cut shall be taken at random within the first time
tnterval.

NOTE 7 Division of divided gross samples, subsamples
or increments below their mimimum masses at any stage
requires particle size reduction before division. The mini-
mum gross sample mass, n1g, should then be recalculated
as specified in 6.3,

10 Stratified random sampling at fixed
mass or time intervals

10.1 Stratified random sampling at fixed mass
intervals — General procedure

The procedure shall be as specified in clause 8 ex-
cept that, when the mass interval has been set, the
sample divider or cutter is programmed to take one
primary increment at any point at random within this
mass interval. This is achieved by use of a random
number generator, capable of giving a random mass

13
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number anywhere within the mass intervat {deter-
mined in 8.2), which activates the sampling device
at the mass mrrespondmg to the mass number
generated |

10.2 Stratified random sampling at ﬂxed time

intervals — General procedure

The procedure shall be as specified in clause 8 ex-
cept that, when the time interval has been set, the
sample divider or cutter is programmed to take one
primary increment at any point at random within this
time interval. This is achieved by use of a random
number generator, capable of giving a random time
number anywhere within the time interval {deter-
mined in 9.2), which activates the sampling device
at the time corresponding to the time number gen-
erated.

‘11 Mechanical sampling from moving

streams

11.1 General

There are a number of different mechanical sam-
pling devices and hence it is not possible to specify
any particular type which should be.used for specific
sampling applications. Annex B shows examples of
sampling devices in common use and should be
taken as a guide in the choice of suitable equipment.

This International Standard deals only with mech-

.anical samplers which take 3 complete cross-

section of the ore silream in one pass of the
sampling device. Mechanical sampling devices tak-
ing only a part of the stream in one operation are
not recommended.

11.2 Design of the sampling system

11.2.1 Location of sampling equipment

The location of the sampling equipment shall be
chosen according to the following criteria:

a} the sampling equipment shall be located at a

point which affords access to the complete ore
stream;

b} sampling shall be performed as close as poss-
Ibie to that point in the materials handling system
where it is desired to determine the composition
of the ore {e.g. tmmedlate!y prior to ship load-

ing);

c} sampling shall be performed at a point in the
handling system where there is no apparent vis-
ual segregation of the material stream and
where there is no apparent risk of errors.due to
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a systematic variation in material feed rate or
composition; -

d) to permit performance of the checks specified in
11.2.3, provision should be made for stopped-belt
sampling adjacent to the automatic sampler:

e} sample collection points shall be located to pro-
vide easy access for operator convenience, and

preferably as close as possible to the last div-
Ision stage.

11.2.2 Provision for duplicate sampling

It is recommended that the system provided be ca-
pable of processing the primary increments to con-
stitute pairs of subsamples A and B, by cambining
the increments alternately. Procedures for carrying

out duplicate sampling are described in the appro-
priate International Standard.

11.2.3 System for checking the precision and bias

When a mechanical instaliation is commissioned or
when principal parts are modified, check exper-

iments for precision and bias shall be carried out for
the installation as a whole.

The methods of checking precision and bias, de-
scribed in 1SO 10277 and 1SO 10226, respectively,
shall be carried out preferably by comparison with
stopped-belt sampling as described in clause 13,

11.2.4 Minimizing bias in the sample

The installation shall be designed in such a manner
as to minimize

a)} spillage of the sample:

b} impedance of the flow of the sample material
through the equipment:

c} retention of residual material:
d) contamination of the sample:;

e} degradation of the constituent particles if a sam-
pie is taken for size determination:

f} any variation of moisture content.

Secondary and subsequent sample dividers which
are on-line shall have cutting frequencies which are
not in phase with the primary sampler.

11.2.5 Arrangement of sampling system

The instailation should be arranged in such a way

that the principal units can be operated individually
for testing and maintenance.
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11.3 Samplé cutters - -

11 34 Dasign criterla

In order to minimize blas in the taking of increments o

the sample cutter should, in addition to incorporat-

ing the requirements specified in 11.2.4, fulfil the .

following criteria.

a} The sample cutter shall be of the self-cleaning
type.

b) There shall be no introduction of materials other
than the sample into the sample cutter. This ap-
plies particularly to material from belt scrapers
and dust accumulating in the cutter in the park
position.

c) The cutter shall cut a complete cross-section of
the ore stream, both the leading and trailing
edges clearing the stream in one path.

d) The cutter shall cut the ore stream either in a
plane,’or along an arc, normal to the mean tra-
jectory path of the stream.

e) The cutter shall travel through the ore stream at
a speed constant within + 5 %.

fy The geometry of the cutting aperture of the
sampler shall be such that the cutting time of
each point in the stream is constant within
+ 5 %.

g} The minimum dimensions of the cutling aperture
of the sampler shall be at least 3 times the pom-
inal top size of the ore being sampled.

h) The minimum aperture of any cutter shall be
30 mm. ‘

1) The cutter shall be of sufficient capactty to ac-
commodate the increment mass obtained at
maximum flow rate of ore.

11.3.2 Cutter velocities

In the designing of a mechanical sampling device,
one of the most important design parameters is the
cutter velocity. Too high a cutter velocity will lead to
a biasing of the sample due to deflection of the
larger particles and may also lead to shock load
problems and difficulties in maintaining constant
vejocity while cutling the material stream. it couid
aiso cause excessive turbulence which should be

i-l- avoided fo minimize the risk of rebounding particles
.- and dust causing a biasing.of the sample. -

. .Experimental- work undertaken by Gy? shows that for
. sampling :heterogeneous: material :streams of low
-+ belt loading (stream density)} where the particle size
-distribution is very narrow, significant bias may be
_introduced when the cutter velocity exceeds 0,6 m/s

or the cutter aperture is less than 3 times the nom-
inal top size of the ore.

On the basis of this evidence, the cutter velocity
should not exceed 0,6 m/s for cutters that cut normal
to the ore stream, with cutter aperture, b, equal to
3 times the nominal top size of the ore (see
figure 4). The same maximum cutter velocity applies
to cutters which do not cut hormat to the ore stream
(see figure b}, provided that the “effective cutter ap-
erture”, b,, is a minimum of 3 times the nominal top
size. Cutters which cut normal to the stream may cut
in either direction or in both directions. Cutters
which cut other than normal to the stream may cut
in one direction only.

For cutters where the aperture b is in excess of
3 times the nominal top size D, the maximum vel-

ocity allowed, v,, may be increased in accordance
with the following formula:

b,
Fﬂ=0,3 1+7)'—'
1

where
V. is the maximum velocilty, In metires per
second:
b is the actual width of cutter aperture;
b, I1s eguivalent to three times the nominal

top size (b, = 3D).

However, the maximum velocity shall not exceed
1,5 m/s.

NOTE 8 Velocities higher than 0,6 m/s at a cutter aper-
ture of 37 may be used only if experimental evidence
proves that no significant btas is introduced.

11.4 Mass of Increments
In all cases the minimum mass of each increment

obtained in one pass of the sample cutter shall
comply with 7.1.

11.5 Number of increments

The number of increments shall be in accordance
with 5.2. 8.10 and 9.8.

2) See GY P., Sampling of particufate malerials ~ Theory and practice, Elsevier Publishing Co., 1982,
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B Ore stream
Cutting edges
Cutter
) Figure 4 -- Cutters with cutting edges designed to cut normal to the ore stream
-
"
; v ¢ is the vector velocity of ore stream;
' v ¢ is the vector velocity of cutter;
v, is the vector resultant velocity;
¢} is the angle between ore stream and cutter path;
@ is the angle hetween the vector resultant velocity and cutter path.
i
|
3} Vector diagram
[
Cutting edges
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Cutter

b) Cutters with cutting edges normal
to the cutter path

Figure 5 — Cutters with cutting edges designed to cut other than normal to the ore stream
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1.6 Routme checking

Mamtenance and tnspectmn of the lnstallatlon shall
be carried out at regular intervals, and verification
shall be carried out: when any modifi cat:c}ns are

- made or a change suspected.

12 . Manual sampling from moving streams

121 General

Mechanical sampling from moving streams is the
recommended method because it provides more
reliable data than manual sampling. However,
where no mechanical sampling device is available,
manual sampling may be performed, provided that
access is available to the complete ore stream and
that there is no risk to the safety of the operator. In
relation to the safety of operators, the applicable
safety codes of the Regulatory Authorities shall be
respected.

NOTES Manual sampling from moving streams should
not be used for the sampling of ore of nominal top size
greater than 31,5 mm. In this case, stopped-beit sampling
should be used.

12.2 Choosing the sampling location

The sampling site shall
a) afford complete operator safety;
b) afford access to the complete ore stream;

c) show minimum segregation of the ore stream,
e.g. in size distribution or moisture content:

d} be as close as possible to the load or discharge
point where the qualily is o be determined.

In most conveying systems the only sampling lo-
cation which satisfies the above requirements is at
a transfer point. Sampling from the top surface of a
moving conveyor belt shall be avoided at alt times.

12.3 Sampling implements

Sampling shali be performed using ladles of the type
specified in annex C.

The capacity of the implement chosen shall be in

accordance with the requirements of clause 7 and
tablte C.1.

12.4 Minimum of increments

The minimum mass of each increment shall comply
with the requirementis of 7.1.

ISO 8685:1992(E)

Figure 6 — Pian view of ore stream with
recommended positions-sequence for taking
increments manually:

12.5 Number of primary increments

The number of primary increments taken shall com-
ply with the requirements of 35.2.

12.6 Sampling procedures

12.6.1 Single operation of the Jadle

It is preferable to take the increment in a single
pass, moving the ladle across the full width of the
stream at a uniform rate and taking care that the ore
does not overilow before the ladle leaves the ore
stream. Alternate incremenis should be taken by
crossing the stream in opposite directions. ‘

12.6.2 Multiple operations of the ladle

In some cases it will not be possible to obtain a

complete cross-section of the ore stream in one
pass of the ladle.

In such cases the ladle shall be placed in the stream
in a2 manner so as to systematically draw samples
from across the whole ore stream in a number of
discrete operations. An example is given in figure b.

Assuming that the ladle is only capable of taking a
representative amount from one eighth of the ore
stream {see any of the areas {1 {o 8) indicated in
figureb] in one operation, the ladle shall be sys-
tematically moved to each remaining area in each
subseqguent operation so that after eight operations
the complete cross-section of the ore stream has
been sampled to give one increment.

The actual number of operations that may be re-
quired in order to obtain an increment from a com-
piete cross-section of the falling stream will depend
on the stream geometry and density and the di-
mensions of the ladle.

The ladle should be inserted upside-down into the
stream, Inverted and allowed to fill, then withdrawn
from the stream.

Notwithstanding any of the above, the following two
further cautions should be observed in drawing a
manual sample:

a} when a subsample is to be constituted from a
number of increments, each subsample or gross

17
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=+’ sample shall contain increments which represent

a complete cross-section of the stream (i.e. each
gross sample shall be complete in itself and
should not represent only a part of the stream);

the ladie shall not be overfilled as this may lead
to a bias in the sample (i.e. larger particles will
tend to roll off a heaped ladle).

b)

13 Stopped-belt sampling

Stopped-belt sampling is the preferred method for
collecting a reference sample against which other
sampling procedures may be compared. The pro-
cedure for sampling from a stopped belt shall be as
follows.

a) Determine the parameters for sampling.

b) Stop the belt at the predetermined time or mass
intervals. |

c} At each stoppage, place a suitably profiled sam-
pling frame (see annex D), with minimum
internal dimensions of three times the nominal
top size of the ore, across the width of the
stationary belt and insert it through the ore so
that # is in intimate contact with the belt across
its full width.

d} Should any large pieces of ore obstruct insertion
of the frame, push those at the lefi-band edge of
the frame into the increment and those at the
right-hand edge of the frame out of the in-
crement.

e) Remove the ore within the sampling frame, en-
suring that all ore particles in this area are in-
cluded in the increment by sweeping the belt and
deposit each increment in a suitable container.
If the increment is o be used for moisture de-
termination, the container should be sealed to
prevent moisture loss {or gain) due to climatic
conditions.

fh Combine the increments as follows.

1} Time-basis sampling. The increments as
taken may be combined into subsamples or
a gross sample irrespective of the variation
in the masses of the increments. If the
masses of the incrementis are too large, the
increments shall be divided by fixed rate div-
ision prior to combination.

2) Mass basis sampling. if the coefficient of var-
iation of the increment masses is greater than
20 %, the increments as taken shail not be
combined into subsamples or a gross sam-
ple. Either each increment shall be subjected
separalely to division and determination of

18

quality characteristics, or increments shall be
divided by constant mass- division prior to.
combination at the appropriate stage of div-
ision into subsamples or a gross sample.

g) Store the subsamples or gross samples in -
labelled containers as specified in clause 15.

14 Sampling from stationary situations

14.1 General

This clause specifies procedures for sampling alu-
minium ore from stockpiles, wagons and ships’
holds. In this case, the lot or sampling unit shall be
divided into n strata (n is the number of increments
calculated in 5.2) spaced evenly by position or mass.

Sampling sha!l be systematic, but only when it can
be shown that no systematic error could be intro-
duced by any periodic variation in quality or quantity
which may coincide with, or approximate to, any
muitiple of the proposed sampling interval.

if there is a risk that systematic errors could be in-
troduced by periodic-variations in quality or quantity,
it is suggested that stratified random sampling be
used.

In some cases, if all increments are to be combined,
the total mass of the combined increments may be
so large that division of the increments may be
necessary prior to combination to form subsamples
or a gross sampfle. In such cases, the procedure for
increment division specified in 1SO 6140 shall be
followed respecting the requirements of clause 6 of
this International Standard.

14.2 Uniformity of primary increment mass

Al primary increments taken for combining into
gross samples or subsamples shall be of almost

uniform mass. i.e. they shall not vary by more than
20 %.

14.3 Bias testing

Procedures for checking bias in sampling are given
in 15O 10226

14.4 Sampling implements for stockpiles,
wagons and shilps’ holds

14.4.1 Shovels

Sampling ore with shovels usually produces a bi-
ased sample because it does not fulfil the funda-
mental principle of sampling that the whole of the lot
shall be equally accessible. The ore in the top lavyer
of a stockpile or wagon is almost always different
from the rest due 1o exposure, segregation and
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other causes. Therefore sampling with éhmei_s is not

recommended.  The following procedures merely

minimize errors.

Where sampling by_éhovetling‘is un'_avoid_able,_in-
crements shall be taken from positions spaced as

evenly as possible over the surface of the ore to be

sampled, ensuring that each increment contains ail
sizes of ore represented in that portion of the ore.
The recommended shovel dimensions are given in
table D.1.

The procedure for sampling using a shovel shail be
as follows,

a) Dig a hole to a depth of at least 300 mm in the
ore bed, ensuring that the ore dug out of the hole
is thrown clear of the hole. The angle of the sides
of the hole should be selected to prevent the ore
rolling down the sides of the hole and causing
further bias in the sample.

b) Take an increment of the appropriate mass from
the bottom of the hole in either single or muitiple
operations of the shovel, as appropriate.

c) Place the increments into labelled containers as
specified in clause 195.

Ensure that the shovel is never over-filled. After
each hole has been dug, the shovel should be in-
serted nearly horizontally into the top layer of ore,
so that it is never buried completely. The natural in-
stinct to thrust a shovel at a steep angle into the ore
and lever or lift it out should be avoided as this will
inevitably lead to over-filling.

NOTES

10 It is best to use, whenever possible, the shovel size
which allows the increment to be taken in 3 single pass.

11 When the increments are sa large that it is not poss-
ible to use the fargest shovel in a single pass, the In-
crement may be taken in several passes.

14.4.2 Augers

These implements are used when the primary in-
crements are to be collected from the body of a
stockpile but, as with shovels, they tend to produce
a biased sample as they do not guarantee an equal
probability of selection of all particles. The samples
obtained will at best be representative of the depth
of ore to which the implement penetrates. The use
of an auger can cause particle breakage and there-
fore affect size distribution and bulk density of the
ore sample. Therefore sampling with augers is not
recommended.

The diameter of the auger shall be at least three
times the nominal top size of the ore or 30 mm,
whichever is the greater.

ISO 8685:1992(E)

 When sampling ore with a nominal top size of less

than 25 mm, the increment may be taken with an
auger but care must be taken to ensure that the full

‘column of ore is taken out and that no particles are
', lost when the probe is being extracted. -.

When sampling ore with a nominal top size greatef

- than 25 m, auger sampling may be found to be im-

possible unless mechanical apparatus is used.

Where mechanical apparatus is used, the amount

of material taken will usually exceed that required.
it will then be necessary to take the increment by the
procedure indicated in 14.4.1.

The procedure for sampling using an auger shall be

as follows.

a) Take increments from positions spaced as
evenly as possible over the surface of the ore to
- be sampled, ensuring that each increment con-
tains all sizes of ore represented in that portion

of the ore.

b) Ensure that wet ore is not aliowed to adhere to
the outside of the implement when it is with-
drawn, and that wet ore is not left adhering to the
inside of the implement when extracting the in-
crement. An auger must not be heated to stop
wet ore from adhering to it

c) Place the increments into labelled containers as
indicated in clause 15.

14.4.3 Ladles

| adles may only be used for sampling of ore in fall-
ing streams. The procedure for the use of ladles is
given in 12.b.

14.5 Samples from stockpiles

14.5.1 General

Sampling aluminium ore from a stockpile generally
presents difficulties in obtaining a representative
sample and therefore is not a recommended pro-
cedure. A sample taken from the top or sides only
of a stockpile cannot be regarded as being repre-
sentative of the whole stockpile, particularly when
the stockpile is composed of ore from more than one
source.

The only really effective and recommended method
for sampling ore in a stockpile is by sampling during
the building up or the breaking down of the stock-
pite. However, a representative sample can be taken
from a stockpile, provided that the sampling device
used is capable of penetrating the fulf depth of the
stockpile at each point to be sampled, and extracting
the whole column of ore. It is realized that this IS
rarely feasible. 1t must be remembered that, in all
cases, a sample can represent only that part and
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that depth of the ore from which it is coliected. For
example, if increments are taken by an auger that
can penetrate to a depth of 2 m only, the results of

lests on the sample(s) can be regarded as being .
- representative of the quality of ore in the stockpile

down to that depth only. In effect a 2 m thick shell
has been sampled. Thus, if such an implement is
used to sampie a 20 m high stockpile, only the ore
contained in the top 2 m can be taken as the quan-
tity of ore for which the final resuit is possibly valid.

Some sampling implements may cause degradation
of the ore and care shall be taken to ensure that the
properties of ore deemed critical are not affected by
the samphng implement.

14.5.2 Selection of sampling points

Determine the layout of the stockpile and make a
plan of the stockpile. On the plan, divide the stock-
pile into areas containing approximately equal
masses of accessible ore, and number each areas.
The size of these areas should be such that they are
easy 1o locate on the stockpile.

14.5.3 Method

Take the samples from the stockpile in the following
way.

a} Determine the sampling parameters indicated in
4.3

b) Take samples by one of the methods described
in 14.4.1 or 14.4.2.

4.6 Sampling from wagons or trucks

74.6.1 Sampling from the top

WARNING — For reasons of safety, sampling from
the top of wagons must be carried out with extreme
caution. It is essential that the wagons are not
moved during the sampling operation.

Sampling from the tops of wagons or trucks is not
recommended; however, if no other means are

available, it should be carried out in the following
way.

a) Determine the sampling parameters indicated in
4.3.

'b) Take samples by one of the methods describéd

in 1441 0or 1442 ‘ | -

14.7 Sampling from wagaﬁé _dl":’rln‘g bottom
discharge or trucks during tailgate discharge

It is preferable to take a sample during discharge
by the procedure specified in clause 11. However.if
this is not possible, the ore should be discharged
into an accessible focation (normally a stockpite),
and a sample taken by sampling the ore in accord-

ance with one of the procedures described in 14.4.4
or 14.4.2.

14.8 Sampling from shlps’ holds

Sampling from ships” holds is not recommended;
however, if no other means is available, the pro-
cedure specified in 14.4.1 should be followed.

15 Packing and marking of samples

Samples obtained for subsequent sample prep-
aration, moisture testing or analysis, which are to
be carried out remote from the sampling plant, shall
be placed in air-tight containers. The relevant infor-
mation shall be shown on the label and on a card
placed in the container. Exampies of the information
required are as follows: -

a} type, grade and nominal fop size of the ore and
name of the lot (identity of ship or train, elc);

b) mass of the ot or sampling unit:

C} sample number or portion of lot or sampling unit
that the sample represents;

d) place and date of sampling;
e} moaisture content (if known):

fy method of sampling fe.g. mass basis. time-basis.
manual or mechanical):

g) nominal top size of the sample:

h) special purpose or test for which the sample is
taken {e.g. bias test, size analysis).
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Arpnex' A
~“(informative)

Derivation of equation for minimum gross sample mass

Let s be the standard deviation of the required
quality characteristic between individual ore par-
ticles. The variance Vs of quality characteristic in a
sample consisting of N particies is therefore given

by the following equation:

2

5
V5=_-

y .. (A

This is the variance associated with selecting a
sample of N particles.

Expressing this in terms of the percentage rglative
error gives the fundamental error variance, ogg, due
to the heterogeneity of constitution, i.e.:

2
2 5

oo = x 10° . (A.2)
FE ch

where ¢ is the value of the quality characteristic, i.e.
concentration.

Let the total relative error, expressed as a percent-
age, allowable for the whole sampling operation be
oe. Thus in accordance with the assumption made
in 4.4,

(A3

Combining equation [formuia(A.2)] and condition
[ formula (A.3}], gives

y oL
- ><104s:;—;- (A4
Ne
Thus
252 4
N5 x10 ... {A.5)
C og

The number of particles in the gross samplie must
therefore exceed the minimum given in condition
[formula {A.5)].

In order to calculate the mimimum sample mass
mg, in kilograms, assume the particles are spherical
of diameter D, in millimetres, and density p. in
tonnes per cubic metre.

Then

3
_Ni. (L -8
mG—N3 np( > ) x 10
ie.:

n 3 —8
mG*:N—B—pD x 10 ... (A.B)

Combining condition [formula(A.5)] and equation
[formula {A.6)] gives

S % 100)
%}2;‘. (EKZ )

oD% 107"
le.: |
on (G
%}%(E)pf)ax‘m_ﬁ (A

where

ms IS the minimum mass, in kilograms, of
the gross sample;

C, = sfex 100, i.e. the coefficient of variation
of the required quality characteristic be-
tween individual particles;

P is the particle density, in tonnes per cu-
bic metre;

D is the nominal top size, in millimetres.

Thus

2

c
M = ( ”; ) pD°x10 °

Approximation [formula{A.8)] assumes that all par-
ticles in the sample are of nominal top size. Be-
cause this is rarely the case, conservative values for
sample mass are cobtained. This can be overcome
by introducing the size range factor g suggested by
Gy [see bibliographic note 2) to 11.3.2 and table 2}
Approximation [formula (A 8}] then becomes

. .{AB)

~ 2
( .
rnsx(%)pgﬁgx‘lﬂ ° ... (A9)
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~ Anmnex'B '
- (informative) | [
Mechanical sampling devices [
B.1 Scope B.2 Types of mechanical sampling ‘
. - _ _ ' . devices
This annex describes typical devices suitable for the -
mechanical sampling of aluminium ore from moving Various types of power-operated mechanical samp-
| streams. lers are available commercially and figure B.1 illus-
| trates the different general principles in use.

N

I}I:

b}  Cutter, bucket type

A /
—~ = f = il e

b C Cutting aperture of prirmnary samnler (

————  Maino ore flow

—= () Increment ' ‘

—O—*= Traveliing pass of primary sampler ‘

[ | c} Bucket type
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Y

»

ol
4
dt  Swing arm types

. b[ Cutting aperhire of prmary sampler
- ————um= Main ore flow
: ——ame (T} increment

—O0——w=  Trgvelling pass of primary sampler

Figure B.1 — Diagrammatic illustration of examples of cutter-type samplers
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~ Annex C
(informative)

Manual sampling implement

C1 Scope

This annex describes ladies suitable for the manual
collection of samples of ore from moving streams.
A recommended design for a ladie is shown in
figure C.1 with the recommended dimensions given
in table C.1. For safety reasons, ladles are not suit-
able for sampling moving ore with a nominal top
size larger than about 31,5 mm in size.

Figure C.1 — Ladle

24

Table C.1 — Recommended sizes for Iadies

Re_c:mmended
Nominal top Approximate dimensions
size of ore mass of ore'}
mm

1 1,2 [ 0"’4 40 50

16,0 0,41 55 75

22,4 1,09 80 95

31,5 3.05 110 140

1) Assuming the bulk density is 1.8 t/m3.

NOTE 12 It is possible to use tapered ladles, provided
that the minimum dimensions of the base are /x 4 as
givenrs in table C.1 and the sides taper uniformly outwards

towards the top so that a square cross-section is main-
tained.

-———
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Annex D
{informative)
Manual sampling implements from stationary situations
D.1 Scope (

This annex describes apparatus for manual sam-
pling of ores from stationary situations.

D.2 Sampling frame

A sampling frame suitable for use on stopped con-
veyors (see clause 13) is shown in figure D.1.

Figure D.1 — Sampling frame

D.3 Auger

An auger suitable for use in sampling of stockpiles,

wagons or ships is represented in figure D2

)lr’_)

Figure D.2 — Manual-type auger
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D4 Shovels

A recommended design of a shovel is shown in fig-

.ure D.3 with the recommended dimensions given in

table D.1.

Figure D.3 — Shovel
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Tablé D1 — Rebﬁiﬁmeﬁded sizes of shovels -

Recommended
Nominal top Nominal dimensions
size of ore mass of
increment N

11,2 0,14 75 35 30

16,0 0,40 110 50 40

22,4 1.10 1790 70 50

31,5 3.00 220 95 80

45,0 8,70 300

135 l 120
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