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ABSTRACT

The backfilling materials of high concentration cemented material backfilling mining technique consist of coal waste
rocks, coal ash, cement, additives and water. After mixing to become a high-density mixture it is pumped through
pipelines to underground and then move to fill the gob. The backfilling method can both depose the coal waste rocks
and extract the coal resources under the villages. Before and after pumping the high concentration cemented
material, the coal ash slurry must be pumped first. So the coal ash durry characteristics directly affect the filling
effect. With the help of the particle-size analyzer to analyze the characteristics of the coal ash, the range of particle
size distribution has been obtained for four kinds of coal ash. On the basis of analyzing the data obtained by
laboratory rheological experiment, the rheological model for the coal ash slurry is determined. Based on theoretical
analysis, the frictional and local resistance losses of the coal ash durry through pipeline transportation are
analyzed.

Key words. high concentration cemented material backfillingping; coal ash slurry; particle size distribution;
Pumping Characteristic

INTRODUCTION

Backfill mining has the advantages of high recovemte of resources, small damage to the environraadt
treatment of the ground waste, etc. It can effetyigolve the "three under" pressure coal, ganéggehdrge, surface
subsidence and other issues. It is becoming ortkeokey technologies for green mining in China, had been
successfully applicated in xingtai, xinwen, shaauxil other mining area.

The high concentration cemented filling materiaiscoal mine is composed of the aggregate, cemenmtriaks,
water and additive proportionally. Normally, thegegpate is gangue, cementing material is maderéneand fly
ash,admixtures include water reducer, water retainiggng, early strength agerigh concentration refers to the
quality of the filling slurry is 75% ~ 80%, in thimnge, the binding backfill slurry is quasi-homogeus non
Newtonian fluid. The fine grained material contémtthe slurry obviously increased, the specificfate area
increased, and evenly distributed in the slurrymPBared with low concentration cementation fillinigigh
concentration of filling materials in the proceggransportation will not occur segregation andcpiation, when
delivered to the filling site, filling materials take off the less water and has the charactew$tearly strength, it
can maintain the stability of the gob roof and sunding rock better[1].
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The process of high concentration cementatiom§jlis a process that crush coal gangue firfign put the gangue,
fly ash ,cement and water are mixed proportionag the filling pump transport to the undergroundfat last (as
shown in Fig 1). In the whole process of pumpirggitally have the following process:Make the filling pipe full
of water; 2. The coal ash slurry push the wateift® filling slurry push the coal ash slurry; 4e@h the pipeline.
Among them, the second process and the fourth psaoeist convey the coal ash slurry. Through comegegement
and fly ash mortar, the second process will pudhtloel water in the filling pipeline, at the samendi mortar can
isolate the filling slurry and water in the fillingipeline of the next process, to achieve the eftédubricating
pipeline and preventing the filling slurry from giging and segregating. Through the cement, flyrasied mortar
and water ,the fourth process flush the pipeline.

Because must carry the coal ash slurry before dieil eoal mine high concentration cementationrfdli the
characteristics of coal ash slurry directly influerthe quality of the filling effeft, therefore, it is necessary to carry
on the research of the ratio and transportationacieristics of fly ash slurry.

EXPERIMENTAL SECTION

1 Analysis of coal mine high concentration cementafithing fly ash characteristics

Coal ash is a similar pozzolanic hybrid materialerfed by the combustion of pulverized coal, maiingm the

solid waste discharge of power plants, metallughemical industry. The power plant grind the co#bithe

pulverized coal under 100 microns, with hot airagged into the furnace to make its suspension cotigmisigh

temperature flue gas was captured by dust coligctevice and get the coal ash, also known as Ry, ascounting
for about 80%~90% of the total weight. Becausehefcollision, a handful of pulverized coal burn dwhd at the
same time, with massive deposition in the bottomh laecome the bottom ash, accounting for about 1@%r-&f

the total weight of the ash. Fly ash collectionudes the removal of the dust in the flue gas fedrémoval of the
slag in the bottom ash two ways, its discharge nisdkvided into dry method and wet metfbdDry discharge is
that transport the collected fly ash directly ith®e ash bin. Wet emission is that through the mqutamp and
pipeline, use the pressure of hydraulic for conngyfly ash into the landfill or the ash storagédfie

1.1 Classification of coal ash

At present, there are many standards and methedbdalassification of coal ash, such as its patgproperties,
chemical properties, application needs,etc. Acegrdo the national standards, combined with the eeds and
actual conditions, only based on the physical priigeof coal ash to make simple classificatiocadl ash'.

(1) According to the different water content of tash ,it can be divided into dry ash, wet ash @iddash.

Dry ash is the coal ash that the water contenbismore than 3% of new emissions or storage tinthimvhalf a
year. For the low calcium coal aghge influence that the length of storage time sopitoperties is not significant;
Wet ash is the coal ash mixed with a certain amafirwater in their emission process; Old ash isdbal ash
placed in the open air, this ash even with dry siois still has high moisture content, becauserdire or moisture
in the air are inhaled through often in the proadgsacing.

(2) According to fineness and ignition loss of cash, it can be divided into three levels, as shiomthe table 1.
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Table 1 Classification of coal ash

Grade 0.045 mm square hole sieve allowapce Burentpr
First grade flyash 12% 5%
Second grade flyash 20% 8%
Third grade flyash 45% 15%

1.2 Analysis of the coal ash particle size

This paper selects the scene of the secondarycastle ash, the original grey, fine ash four kindsaal ash,

according to those kinds of fly ash, uses parsce analyzer to determine their size distributiespectively in the
laboratory, it is concluded that the four kindgtoé difference within the range of fly ash partisiee distribution, as
shown in the table 2, the test data are consist#htthe objective facts, provide an important refece basis for the
next test and analysis of test results.

Table 2 Interval size distribution of coal ash particles

Type of coal ash Particle size distribution rarge
Second grade coal agh 5~80
Coarse coal ash 4@0n above
Original coal ash 200~500m
Fine coal ash 15~70m

1.3 The physical and chemical properties of fly ash

(1) Physical properties

Fly ash isgrayish white or gray powder material, the highex tarbon content, the deeper the color, the larger
particle size, the worse the quality. The densitfly ash and its chemical composition are closediated. The
density of low calcium ash is generally betweenQE&®O00 kg rii, the density of high calcium ash is in the ranfje o
2500~2800 kg M. The loose dry density of coal ash is in the raofy00~1000 kg- i, after compaction the
density between 1300~1600 kg’nthe compaction density of wet ash increases thighincreasing of the moisture
contenf!. Fly ash particle size within the range of 0.5 608n, fineness of 4900 square hole sieve, the sieve
allowance is between 10% ~ 20%, the specific seréaea in 2000~4000 éng’ range.

The effect of the coal ash activity includes contipaceffect,morphological effect and micro aggregate effect.The
main structure of fly ash is micro glass beadsyattaristics with fine grain, the surface is smoaténse texture,
good liquidity, small specific surface area, theawvadsorption force is small, in slurry it havaydd an important
role like ball bearing, to improve the fluidity tife slurry and also reduces the water requireflent

The micro-aggregate effect refers to the fly ash pkasi@act as aggregate, filled in the capillary deae of slurry,
to improve the density of the slurry. First, theesgith of fly ash particles is very high, up to MPa; Second, the
good interfacial effect of these particles can eckais the most fragile interface of cement stdrterd, uniform
particles of fly ash filling ability, on the one d, the pore porosity of cement paste is reducedh® other hand to
make free water increased, so as to achieve hagiigty slurry, make the aggregate matching measaonable, fill
rates increase, cement dispersed more evenly.

Compaction effect is the external performance ftbm combined action between the volcanic ash e#iadt the
micro aggregate effect, it can fill the gap of catskeleton and water film, improve the slurré danghe physical
activity of fly ash is generally regarded as thémsurce of early strength and activity of fly &sh

(2)Chemical properties

From the perspective of engineering applicatioa,dhemical properties of fly ash mainly refershe &ctivity of fly
ash.The activity of fly ash refers to the condensatioterosis performance after it mixed with lime avater . The
fly ash with the chemical activity has no hydraijigtself, fly ash activity derived from the totabntent of AJOs;
and SiQ among them, under the condition of water, they i@@att with Ca(OH)to generate hydrated calcium
aluminate and hydrated calcium silicate, then stimahydraulicity.

m;Ca(OH}+Al,Oz+nH,0—m;CaOAl,03*nH,Om,Ca(OH)}+ SiO+nH,O — M;Ca0SiO,*nH,O
Therefore, the activity of fly ash is potential,eds the application of activator to play out, ser¢hare a lot of

activators in the practical application, such aseli and a small amount of gypsum, lime and a samabunt of
cement, etc.
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2 The test results of the high concentration coalens@mented filling with fly ash slurry

2.1 The working principle of conveying round-pipe-tegstem

The filling paste round-pipe-test system in thecpss of test is mainly completing the ratio ofiffif materials,
slurry concentration, velocity of slurry and slurftgw rate and temperature of slurry and slurry sign slump,
exudation rate and viscosity of slurry flow paraemetand characteristics of the testing work (iniclgdslurry
density, slump, bleeding rate, viscosity by sampliast, test data), and on the basis of test dada, the relation
curve between each parameter, it is importantfemtining engineering research and analysis ottsgiipmenit..
Its working principle is shown in Fig 2.

According to the ingredient sethe system sequentially unload the aggregate imonteasuring bin, after the
measurement is completed, start the belt conveyud, then start inclined flat belt feeding machitee upgrade
measuring fine aggregate to mixing chamber; Thesomeal powder in the weighing hopper is sent byravsc
conveyor in sent to stir storehouse, the measureater is sent by water pump into the mixing waredgourhen
open the mixer to stir,the mixed slurry (fluid) ile discharged into the pump under the hoppersiirey will be
transported to pipeline loop system by the pumpgne(piping system is composed of casing ND100mdch a
ND150mm road).Through the corresponding experimiefata from the thermometer, pressure gauge, flatem
installed in pipe, computer will process and stheereal-time measuring data, through the anafisvare to data
analysis.

At the end of round-pipe-test, the material will &&rried into the filling times line bin to do astan test The
pressure difference sensor in the pipeline will soea the pressure difference under artesian condifiinally part

of the test materials will be embedded within thstéron module to make the test piece, then exparial analysis
will be made on the test piece, such as compressigagth, tensile, permeability, etc.

Slurry velocity |
Y
[—| Slump
+ Bleeding rate

Fig.2 The diagram of filling durry ring pipe system working principle

| Slury temperature

Management system

| Pipeline pressure |
7 3

| Slurry flow

2.2 The characteristics of the transmission loop testiesn
(1) Using the differential pressure sensor of higtecision, compared with the previous pressure aens
measurement accuracy is improved, and the diffegmiessure sensor has strong compressive ability.

(2) Due to the use of the data acquisition carel ddita acquisition is more convenient and quickondy avoid the
human error, also have multiplied the amount ohdaicessing. Data acquisition card can obtain ya skeort time
interval, the same time data of multiple sensor amcbrd them, a large amount of data can facilitde
understanding of the pumping tiny details in theol@process, and conducive to the processing bilsta .

(3) Using quick connectors and pipe clamp to deepipnnection is conducive to speed up the pipllaton,
more important is that it can facilitate to the gassing of blocking pipe accidents may occur inglaeess of test,
etc.

(4) To test the pipes of different diameters ineserit will have some problems in the aspect dbeigy control, if

test with the different pipe diameter separatdlyill cause the waste of seamless steel tube rahgnd filling

slurry, so take the scheme that connect the eridblardiameter pipe and eccentric pipe, make alll&kiof testing
scheme}}s8 g}ransform freely, the adjustment of testaigme can also be flexible , to meet the deméad kinds of
test fully®™.

2.3 The proportion plan of transmission loop test mater

The material proportion for coal powder mortar rdynipe test: The amount of fly ash which accourfitedt7% of
the total, Ordinary Portland cement dosage is lth#dosage of the water is 40%, admixture dosadésis- 2%,
thus the made slurry concentration can be conttaliethe range of about 60%. With concentratior60%o, for
example, filling pulp with its corresponding filljpmaterials per cubic meter as shown in table 3.
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Table 3 Fly ash materials proportioning per cubic meter

Material categorie§ Consumption(kg/m3)
Cement 205
Fly ash 825
Admixture 28.5
Water 687

Table4 Round pipetest ratio

Slurry type | Fly ash conterjt  Concentratipn
47.26% 60.0%

Pure mortar 47.04% 59.5%
46.81% 59.0%

2.3 The results of round pipe test
According to the method and steps of round pipeliefore-mentioned to carry on filling slurry roupigbe test, the

pipeline length between the 2 sensors used foredtly frictional resistance loss is 6m, the pipsedi for
acquisition of local resistance loss between twessss is a bend, as shown in figure 3.

Fig 3 The elbow section used for determination of local resistance loss
The test results shown in table 5.

Table 5 theresults of high concentration cementation material ring pipe test

Slurry type | Fly ash content  ConcentratiprFrictional resistance losskPa | The local resistance loskPa)
60.0% 22.59 3.99

Pure mortar 47% 59.5% 18.55 3.37
59.0% 15.45 2.73

According to the data in table 5, when fly ash eoftis 47% and coal ash slurry concentration is ,G0&6
slurry pipeline frictional resistance loss and theal resistance loss reach the maximum values tespectively
22.59 kPa and 3.99 kPa. The value of frictionaktaace loss for the conversion of unit length ligs3.77kPa/m.

3 Analysis of coal mine high concentration cementafithing fly ash slurry pipeline transportationafacteristics
3.1 The relationship between the resistance loss & pgnsportation and slurry concentration

The pipeline resistance loss of pure mortar isvshion Fig 4.
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Fig 4 Therdationship curve between slurry ratio and pipelineresstance loss
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Figure 4 shows that the relationship between puganconcentration and pipeline resistance losinidlar to the
relationship between high concentration cementatfdliing slurry concentration and pipe resistancesd,
pure mortar concentration increases by 0.5% eheh, the pipeline frictional resistance loss incesdsy about 21%,
and the pipeline local resistance loss increasebbyt 20%, the influence of the concentratiorhefgiure mortar to
pipeline frictional resistance loss and local rasise loss is obvious, the influence of the fricéibresistance loss is
greater than the influence of local resistance. [d#isen the concentration in the range of 59.5% % 6Bictional
resistance loss is greater than its value in thgeaf 59% ~ 59.5%, this suggests that the frietioasistance loss
increases with the increase of concentration.

3.2 The calculation of filling slurry pipeline transpation resistance loss

The calculation formula of high concentration sjupipeline resistance loss is not entirely obtaitgdtheory
analysis, because of the variety and the complexityhe pipeline, so the formula is derived on thesis of
experiments, called empirical formula. First, thgbuthe test data, to do analysis of slurry rhealalgparameter
under different concentrations, and then fit thé&atien formula of rheological parameters and cotedion,

combined with the results of theoretical analyisiis, concluded that the final formd%**.

By rheological equation to determine the semi-eiogirformula of high concentration slurry, high centration
filling can be approximately regarded as binghaastit body, buckingham equation is available (dqonat3.1)),
the relationship between shear stress in the pigeesistance loss as shown in equation{3™}

g,
Tw =3Ta+ (D)
(3.1)
ApD
T =22
(3.2)

In laminar flow state, the equation (3.3) can bedu® define horizontal straight pipe resistanasés, through the
simultaneous equation (3.1), (3.2) and (3.3), thlation formula of resistance loss and rheologalameters as
shown in the following equation (4.4) :

. Ap
Im= T
(3.3)
. 16 22V
Im = 5% + 1 o .
(3.4
In the formula: Ver__The average velocity of the slurry in the pipe

D—Pipe diameter.
According to the ring pipe test and the experimietidia in table 5, to fit the relationship betwékea resistance loss
of pure mortar(concentration 47%) and slurry cohegionon, to summarize these fitting equations and
the correlation coefficient, as shown in table 6.

Table 6 The resistance loss of concentration curvefitting equation

Sample Fly ash content  Curve The fitting equatior] R’
Frictional resistance losp  y=18861658x+6249| 1

0, —
Pure mortar 47% bp—c The local resistance losg y=-460802x-213.2 1

The fitting formulas on the basis of theoreticahlygis and experimental data can be used to cédcthia pipeline
resistance loss under the condition of differergrafing mode, to extend the application of tesp ahn fill the lack
of theoretical research. However, due to the litiwtaof space and equipment, the results of thg pipe test can
only be close to the actual situation, it can't ptately consistent with industrial site. In spitetbis, the datas of
ring pipe test can still guide the industrial tiamdation practice of filling slurry.

CONCLUSION
(1) Through the experiments, it is concluded that particle size interval distribution and relatastivities of the

used fly ash. High concentration cemented fillingtenial is composed by silicon cement, fly ash| gaague and
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water, at the same time, there will be the intetieenof admixture, before and after coal mine cetagon filling
pulp must transport the fly ash slurry, the propsrof fly ash slurry will directly affect the fitig effect. In this
paper, There are four kinds of fly ash from the poplant near the test field. Through the labosatest, by using
particle size analyzer, it is concluded that theigla size distribution interval of four kinds 8§ ash.

(2) The ring pipe test can determine the parametiarssistance loss under various working cond#jarot only can
do effective analysis to the rheological charast&s of slurry and the pipeline performance, gisovide data
support for the scene of the filling system desigimk. Analyzing the influential factors of pipeline resisce loss
can provide the basis for filling system stabiland guarantees for the emergency treatment afrsyst

(3) On the basis of the theoretical calculation #ma ring pipe test, the influence factors of resise loss are
analyzed, the fly ash slurry concentration degra® the greatest influence, the friction loss witrease with the
increase of the concentration, and increase thenitualg of increase in high concentration range. ificecase of
the fly ash dosage will lead to the increase oftifsh loss, the fluidity of slurry is decreased,rgoumortar

concentration increased by 0.5%, the pipelineifni@l resistance loss increased about 21%, angigiedine local

resistance loss increases by about 20%.

(4) Through the fly ash slurry ring pipe test, otéa the maximum unit length frictional resistahess value of the
slurry pipeline transportation(3.77 kPa/rfihis data can provide a reference for the filliggtsm designation.
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