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PURPOSE AND PRINCIPLE OF
BED-BLENDING
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from a uniform feed. Bed-blending Is the key.




HOW TO UNIFORMIZE A
HETEROGENEOUS PLANT FEED

e preparatien eia Ve uniierm plant
[eedequires: ...

Acareitlly designed androperated ..

TWO-STAGE BLENDING SYSTEM

A careiully’ designed and operated ...

CONTROL SYSTEM 2




EFFICIENT TWO-STAGE
BLENDING SYSTEM
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PROPORTIONING STAGE

A processing plant operates in an eptimum way.
WhHeR It IS fed Withr a uniferm matenal of exper-
mentaliy deiinedxc REGUILEM COMPESITTONIES.

Nermatenals are spentaneousy URITerma: INEY.
psually cCome Inradiiferent cCategeres that Caninol
WEGIECHN TEO e pPlant and must ke kliended
I Varable Propoltiens (e reachi Compesition €.

TTAESE Categories are stered Inrseparate Reaps
H1, ... Hn. The purpese of « Propoertioning » Is
[0 prepare a pile having an average compaosition
as near C as possible. 5




PROPORTIONING 4 PRINCIPLE

Raw | Heap Special
Materials H(n-1) Materials
PROPORTIONING OF RAW MATERIALS l

SURGE BIN Adjustment of m
Feed of the FEEDER AVEBAGE
required pile m

AVERAGE _ composition P
composition C CONVEYOR

Sample to

PRIMARY SAMPLER processing plant

and assay lab

FEED TO BED-BLENDING STAGE




CONTROL OF A BLENDING SYSTEIM

Efficient proportioning requires a control of the
plend. This IS carried out by a sampling system
(PrmaR/samplingrane samplerreduction): e
final samplensiied teranradeqguateranaly/Ser:

IMeEIS e the esSence. IeHE ENfiCIENRL, the
CORUBISYSIEmImustevera guickranswer lnrthe
CEMENIRNEUSIRA; WHETENECERIENEING ESIEEN
generalized, the crtical compoenents are Cao,
S10;, Fe>0z, Al,Oz and a few other mInor CoMmpPo-
nents. X-ray fluerescence delivers its assays in
less than one hour, which IS convenient. 7




ACCURATE PROPORTIONING

Jake again the example of the cement iIndusty

While the piieisihelng bult, its fieed Is samplea.
EVER/RGUE the primany, sample Is assayed for
the majer compenrRents, by X=ray. Flue. Witk the
REXT IEUE the current Welghted average conmpeo-
Sitienr R e the plels compuied ane comparediio
the reguiredicompositien C. Autemaucally or
manually, the propertion eff matenals extracted
from heaps Hy, ... Hy IS adjusted so as to reduce
the difference (P — C). Proegressively, this diffe-
rence tends asymptotically towards 0. 8




The time necessary to build a pile may reach
hundreds of hours. If the heaps Hz, ... Hy are
adeguately constituted, the convergence of P
tewards € Is ensured. I that IS net the case or If
prepanng special cements reguirng « additienal
materalSHWeNmay Ve el tihie e e eirtiENIIE
CORSHIUERNOREEERESPECTEI NG IFAG U ITIVENate:
[l SPYSIEECNINHENSPECTalFFEaP SISV SIVIZES

Iese specialimaternalsimust cover ANV EIOINE
NUMBER OF IFAYERS. AS'Seon as PIs fieund
and confirmed as near € as required, the feed to
the pile must be stopped and the pile regarded
as completed. Its reclaiming can start ... 9




PROPORTIONING ¢ DETAIL

Raw N Heap Special
Materials Hn-1) Materials

PROPORTIONING OF RAW MATERIALS

SURGE BIN Adjustment of

his feed h AVERAGE
{his Teed has FEEDER composition P m
the required

AVERAGE B coNvEYOR | COMPUTER
composition C

Sample to

PRIMARY SAMPLER reduction / assay =

pile composition P

FEED TO BED-BLENDING STAGE ¢ P=C



The output of the proportioning system has an
AVERAGE composition P near the REQUIRED

composition € but Is abselutely NOITT UNIFORM.
ItS variability IS characterized by its variegram...

Varlograms for CaO Actual variogram of
\‘\. \/\’/\/\ Proportlomng output

Heming Cement Works (France)

Flat variogram characterizing a uniform material

Required variogram of the Bed-blending output

The purpose of Bed-Blending Is to transform
the variogram into a BLUE one (flat). 11



BED-BLENDING SYSTEM

FROM PROPORTIONING STAGE ARl fpEtt]gle

PRASES
Reclaimer
Travel/speed
Harrow-type
Reclaimer

Stacker
30 m/mn
recuprocatlng -
travel -~

70N

Main
Reclaiming
Belt

Paddle-chain
Conveyor

PHASE 2

¢PILEA® .- ¢PILEB ¢
STACKING RECLAIMING

UNIFORM COMPOSITION BED-BLENDING OUTPUT  [i¥:




BED-BLENDING ¢ STACKING

Stacker speed along the pile = 20 / 30 m/mn
Photes, courtesy of B(MIH, Mulhouse, France

Feeding belt Pile being built
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BLENDING THEORY 4 STACKING

__Jl Stacker speed = 30 m/mn

Future Layer 5

— Layer4
Layer 3

Layer 2
Layer 1

(54——Stacking time of one IayerA.h'o
\ertical Cross-section of the pile 14




STACKING ¢ SIZE SEGREGATION

Feed to the pile Why it is necessary
_‘ \ to reclaim a whole

Differential [ thin shclte of the Iplle
centrifugation Simultaneoustly
Why bucket
wheels and front-
end loaders are
to be avoided as
bed-blending
reclaimers

Accumulation of
coarse fragments
on this side of the
stacker. Obvious
in cement works.

Pile cross-section




BLENDING THEORY @ RECLLAIMING

Many types of reclaiming devices. After
Studying the PEreIMARCES; off all of them,
THEEH ATOWETY R EFSCIAPR ERRECI AIMER
appeans as e VIOSIFEEREICIENIFaR0
caliiertSerrastailViODEINE@RNINHE
TRIEORY O F BED-SLEENDINE

ItS' Major property Is te reclaim a TN
SLLICE of the whole pile cross-section

SIMULTANEOUSLY (e.g. = 2 cm/mn).
16




BLENDING THEORY @ RECLAIMING

Harrow-type Slice S reclaimed between t and t + At.
Reclaimer This slice may be regarded as a ...

Scraping Sample S made of 8 « increments »

t t+ At Reclaimer speed =2 cm/mn

Paddle-chain conveyor TO Main reclaiming belt




PROPERTIES OF SLICE S

IRNRISTEXaMPIENIGIANTI 20 EFOTREIG N 2V ErS SRl =16alI0
SLICE-SAMPLE S=l1+ L+ 3+ 4+ 5+ g+ I+ Ig

7T

0
6 T
0 ‘s
57, increments
28010 y
= 3T
JEE—2 S =even
2l ’ increments
Ty
=10 :

AL Slice - Sample S=Sg + Sg

RECIAIMERSPEEG AIoRGIHE PIES 002 —0.05m/mnRr 18




DEVELOPMENT OF

THE STACKER FEED

0) I8 20 Silg g 9y 9y Ll ©0g= 1
o= —o QOT o——~o- —eo— o ——o—— -0
l 2:-1lo 2 1o 2 1o J'
I I3 Is I7 S obp
20 - 2 1o mm 2 1o
SEeven I l4 l s

=zlgple[feltl o eiilnlerSnlnis S ppp (red) =il S gven
(0)[V12) BEKESUPIaRECO T ECIIS A P ES» it O LI

Their sum, the slice S is also a « CORRECT
THEREFORE UNBIASED SAMPLE of lot L » 19




QUALITATIVE CONCLUSIONS

STACKING : when the stacker moVves at a
CORStant SPEEd ane rFeVErSES IS COUKSE atia
Ul tmeNRtenal o ANYAWE OIS E SN CE 6]
HEPIIE CIOSSESECHORNSI aCCORRECINIEIERE:
FORE UNSIASED SANIPEE @F LOiT L

BUIF the constituent distibutien thretigheut the
plle’ eress-section IS highly HETEROGGENEOUS.
RIS thin slice of the cress-section IS AAWHOLLE

that must net be dissoeciated upon reclaiming.
20




RECLAIMING : when the reclaimer recovers
the WHOLE OF A THIN' SLEICE simultanecusly
the output Is a seguence off CORRECT, therefo-
e UNBIASED samples il ol IE WNESE COMPO-:
SItienidIferSiVeERA It EfromMIEC N EIFSEGUERE
CENSEaNT alteli el e TFald VAU RGN COMPESIONRE

Ir) 2t o=cl=olericline sysiern, ine reclimer s
MENMESIHMPORaR N EMSHEITOWEL PENECIAE
MErS anethermost erficienteifal ity pPES:

BUCKEFWNHEEINECIaIMENS, oNt=end I GadEers
Ol mechanical'shovels are totally iInadeguate.

hey are definitely the worst reclaimers. 21




BED-BLENDING ¢ RECLAIMING

RECLAIMING : Speed : 0.02 — 0.05 m/mn
IHarrew-type Reclaimer-Scraper in idle poesition
BIVIIH = IVIUIRGUSE; France FFERT VIEW
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BED-BLENDING ¢ RECLAIMING

IHarrew-type Reclaimer-Scraper in idle position
BIVIIH — Mulheuse, France Side view

- o AN : e e
Natural angle of repose of ;;-_«;;;;;;\ Jlg-saw transversal motion g
the reclaimed material. e Perlod atolmn &

- "my’ "u/ - '.ir"lt‘u i i 1) oo
S S =\

0 3\1\

o

A\

sl f,g;; Paddle-chaln conveyor.
5 | P a8  To main reclaiming
p: A Sl ris etk conveyor (in a trench —
P o v o o S R 15 shown her)

Reclaims a thin slice (0.02 — 0.05 m/mn) 23




PROBLEM POSED BY THE PILE ENDS

Upon reversing Its course, due to Its Inertia, the
stacker must slew down, stop and reaccelerate
pregressively. This takes several seceonds durng
WhICKHIthE TIeW-rale [Emalns More O IeSS eVen.

AST Al CORSEYUENCE; al CEltall MaSss Gl matenal
acclimulates; en hetirends eifthe pile: RIS
dIStures the materalidistrlulien ane RES e 8e
laken care o upen reclaiming.

FIrSt conclusion: for a given pile capacity het-
ter a long and thin pile than a short and thick one
24




PROBLEM POSED BY THE PILE ENDS

Liveend [l =
of the pile

N

Red areas = distribution perturbances
The material must be recycled

Workable part
of the pile

Vertical pile cross-section




PROBLEM POSED BY THE PILE ENDS

Experniment carried out by BMH, Mulheuse, France

e T

\ Uniform Composition required
Anb i

vV

15 to 20 % of the pile must be recycled

HAS BEEN IMPROVED BY MANUFACTURERS

1 4 7 101316192225283134374043464952555861648770737879828588919497100
MATERIAL COMPOSITION FLUCTUATION ALONG THE PILE Hours




VARIOGRAPHIC ANALYSIS
OF A BED-BLENDING UNIT

Ilhe vanoegram Is a mathematical toel that charac-
[enizes the vananllity e al ene-dimensienal flew.

HeHIguUrEreUt tRErEICIENCY G e e =RIEREIRNG URIL
wercomparetielNRUNFanciCUNR IR Vanegams:

T

Variograms for CaO

Heming Cement Works (France)

Input
Intercept

Input Sil 0 Input Interval = 90 mn
% oy Y "N INPUT Variogram

- OUTPUT Variogram

Output Interval = 120 mn

>

Output Intercept and Sill

18 hours



CONCLUSIONS OF THE
VARIOGRAPHIC ANALYSIS

T IE0NY, Confirmed By avanoegraphic expernment
Jr‘CJ PUIESIXEMONMSTARIERI TS PUBlICAtIGn
ming;, Erance; In 1976, Snows that ...

& CONCIEUSIONHEEFARIETICIENTEC-PIENEING
SY/SLEMWITiINe \/veJJ~rchJ,J5 E0 EOW-/PE
[ECIaIMEN; thanSIenmS

ANYARPUEVARO Jr M INtor.

A ELAT Output Varlogram,
FLOWING OUTRPUT UNIFORMITY 28




® CONCLUSION 2 : The Sill of the Output
Varioegram Is practically egual to the Intercept
Vvi(0) of the Input Variogram.

@ CONCIEUSION 85 Contrany/tetheldea usually:
Shialediky mantiaciurersianeitSers; the
efficiency. elfa Red-BIERdIng systemiIs imited

Py thenterceptVi(O)reirthe lnput \Varnegram
WHICHNSHESUMIGIRtIENAIIERCES GIRtNEN G2l
SamplingrEmeAISEanRd thesotalFAnalyiical
Errer TAE. Withrcearse matenals, o2(ISE)Is
practically’ eqgual te the variance of the Funda-
mental'Sampling Error ESE, WRICH IS propor-
tional to d°, cube of the top particle size. 29



® CONCLUSION 4 : As a corollary of conclu-
sion 3, It would be meaningless and pointlessly
exXpPensive to feed the output of a bed-blending
SyStem te another bed-blending system .

@& CONCIEUSI@NSENealNpients ane PUiRe:
SesS AND CONNRARY IO Gerstel s liE EQRY, the
IMPEHARNCE Gff tRE NUMBER Z GiRIayErS making up
A BIENEING PIENS SECERE AR

e eptimum AUMBENR Z ol IayEers lIES BEel-
ween 100ranar1.000:
® CONCLUSIONG: TThe most Impertant item of

a bed-blending system Is its reclaiming device
30




SAMPLING PLANT ¢ EXAMPLE

Input to Bed-
Blending Pile

Primary
Sampler

Stacker
Reclaimer

Uniform Feed

Processing
Plant

Possible rough
X-ray

SOUTH-AMERICAN

NICKEL MINE

Primary Increments
e.g. 12 per hour

Pre-Drying Tunnel

Primary Crushing
Jaw Crusher

Secondary Crushing
Rolls Crusher (s)

Several kg at
+ 2.5 mm

Secondary Sampling

Riffle + 500 g

Tertiary Grinding
Disk Pulverizer

Tertiary Sampling
Riffle 50-100 g

Final Drying
Oven at 105-110°C

Final Pulverizing
50-100 g at 150 pm

Precise X-Ray
Analysis 31




UNEXPLORED POSSIBILITIES

¢ SCALING DOWN : So far, bed-blending has
peen Implemented only on the scale off heavy
INAUSstIes such as Cement e Metallurgy: Buiit
caRVERANVEINIEISCal EU N6 OWNNTERINIURGEEES G
ERSHEMUNEENS G kGIREIFNGUIE

2 GENERALIZAIFION S Wiz lnleltisideseltife
INCreasethe guality e thelFr Procducts and thelr
proefitsHiFthey Were fedwithra  uniferm matenal:

¢ EVEN INFHEAVY INDUSTRIES, the best
way to operate a bed-blending system is NOT
PROPERLY UNDERSTOQOD. 32
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