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Abstract : Themethod of vibration ball millingis
appliedinthispaper to make research on contents of
lignosulfonateand modified compositesascement grind-
ing ads, and studied on theinfluenceof regularity about
grinding aidson productsfluidity, particlesi ze, specific
surfaceareaand powder particlesizedistribution. The
study showed lignosulfonatehashad better effect onthe
cement grinding function; the cement’s particle size and

INTRODUCTION

Thegrinding efficiency could belargely improved
by cement grinding ai ds. Promoting the organization
of cement particle sizedistribution and cement quality
standard, reducing the cost of cement aretheimpor-
tant research subjectsin thefield of Cement Science
and Production Enterprise. During the production of
cement, thegrinding processisthe most energy con-
suming procedure. (According tothereportinAmerica
50 billion kilowatt-hourswas consumed inthisfield
per year.) The energy usage was low. About 97% of
itsenergy turned to beheat energy andisinvain. Only

thedistribution wereimproved, the average diameter
was decreased, distribution narrowed and ultra-fine
grainsizeincreased, of themast importance, the con-
tentsof ultra-finegrain 9zewereincreased much. Among
those, theeffect of caldumlignosulfonatewasrdaivey
good whileitsmodified compaosites performed better.

K eywor ds: Cement; Grinding aids; Lignosulfonate.

littleproportion (0.6%-1%) isactualy usedinincreas-
ing surface energy of materias. Asthe devel opment
of dry production, theheat consumingislargely de-
creased, yet the el ectricity consuming has beenin-
creased. Therefore, how to raise the efficiency of
grinding and reduceits electricity consuming arethe
focus attention for the cement workers and theim-
portant energy-saving subject. Add somegrinding aids
during the process of grindingisagood way toim-
proveitsefficiency. It canincreasetheoutput with the
same cement fineness and the same power consump-
tion. Inaddition, it can enlargecement’s specific sur-
face areaunder the condition of the same cement’s
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output and power consumption, aswhileit perfects
the distribution of cement’s particle size in order to
improve cement’s strength and quality. Therefore, the
application and development of grinding aidshave
great influence on the cement’s industry and worth to
makefurther study.

Since 1930s, cement grinding aids had been used
incementindustry™™. After 1980s, cement additivesused
toimprovethe performance of cement’s product!?, su-
croseand diethylene glycol had been used as cement
additivesto make cement low temperature stability,
waterproof, retardation and grinding aids. After that,
therearealargenumber of patentsemerging. At present,
the study of grinding aidsiswidespread inAmerica,
Germany, France, Japan and Russia. Rulesand check-
ing methods about grinding ai ds have been a so estab-
lished inthose countries. Whilein China, study and ap-
plication of grinding aids are underdevel oped; the oc-
cupation coefficient of grinding aidsisunder 5%°. The
application of ligninisintheform of lignosulfonate™.
Lignosulfonateisabyproduct produced by thewaste
liquor of paper pulp after processing sulfonation and
spray drying. It is widely used as a normal
superplasticizer by most people. Lignosulfonate has
better water-reducing property. If added in cement, it
can improve its grinding effect and function as the
Superplasticizer.

EXPERIMENT

Raw material and regent

(1) Done-materid: rotary kilnclinker inafactory, mine
componentsinTABLE 1.

(2) Minerd wasteresidue: copper daginacertainfac-
tory, thequality factor is 1.67.

(3) Gypsum: SO,35.48%, crystallized water 17.86%.

(4) Sodium lignosulfonate (SLSF), magnesium
lignosul phonate (ML SF) and cdciumlignosulfonate
(CLSF) provided by Tian Jin Shengfu Jiang Chemi-
cal Industry Corp.; modified compositelignosul-
fonate (self-made)

TABLE 1: Thecomponentsof mine[%)]

KH SM IM GC$S CS GCA CAF X
0.894 2.65 158 53.60 2435 827 7.06 93.28
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Experiment devices, tester sand methods

(a) Experiment devicesand testers

Mastersizer 2000 particlesize analyzer madein
Malvern Corp.; vibrating ball grinder; NRJ-411A ce-
ment glue-sand blender; SHBY-20B cement concrete
maintaining standard contai ner; the other devicesin
TABLE2.

TABLE 2: Devicesused in experiment

Name Model Further explanation
jaw crusher broken to the size of clinker
<7[mm]
roll crusher broken to the size of clinker
<3[mm]
shaking table GZ-85 amplitude 0.85[mm], frequency

50[HZ], vibration time 2[min]
maximum range 600[g],
minimum range 0.01[g]
accuracy 0.2[mm]

dectronic balance

slide caliper
(b) Analytical methods

(1) 0.08mm squareholeseveusedindetermination of
sieveresidue, dry sieve onthebasisof GB45-77
Method

(2) Thestop-anglewasmeasured by methodsof equal
heightinjection

(3) Particlesizeanayzed by M S2000G laser particle
sizeandyzer, resultsoutput by computers

(4) Normal consistency of cement water and setting
time measured by GB1346-1999

(5) Cement glue-sand strength test by GBIT1 7671-
1999

Test samplepreparation

Firgt crush particlesizebelow 2mm by jaw crusher
androll crusher, then the gypsum and slag aresieved
to 2mm sizes. The weight of the ball must be cal cu-
lated according to theratio 7:1 to decide the weight
of raw material, then refer to theratio done-material
80%: slag 15%: gypsum 5% to get the components
and dilutelignosulfonate by water according to the
proportion 0.2% and 0.4%. Add 0.05% modified
lignosulfonategrinding aids by buretteand grind 1 h
by ball grinder. Theweight and ratio of theball should
be remaining the same each time. LSF will be the
shortenform of lignosulfonateinthefoll owing descrip-
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tion. The quantity of mixtureand test sample codewill befoundin TABLE 3.

TABLE 3: Thequantity of mixtureand test sampleNo.

modified composites of lignosulfonate

Grinding aids Blank SLSF ML SF CLSF
SLSF ML SF CLSF
Dosage of grinding aidg[%)] — 02 04 02 04 02 04 0.05 0.05 0.05
Sample No. A BT B2 Cl1 C2 D1 D2 El E2 E3

RESULTSAND DISCUSSION

Fluidity of cement

Thestop-angleisthelargest angleformed by free
surfacelayer of powder accumulationinbalancewith
thewater surface. It hasbiginfluence on thefluidity of
powder. The small the stop-angle is, the better
powder’s fluidity will be. Parameter measure: pow-
der ispiled up onthetray naturally. Theintersection
anglea between powder pile and the bottom of tray is
caledthestop-angle. It can dso berealized in an easy
way if there’s no specialized device. Get the average
value from tests more than once. Seetheresultsin
TABLE4

Theresultsof test indicated that different typesof
grinding aidsreduced cement’s the stop-angle to 1~6°.
After addinglignosulfonategrinding ads, there’s no dis-
tinctive changein decreasing the stop-angleasit was
added more. Big changesabout ML SF canbeseenin
different lignosulfonate. 0.4 % reduced the cement’s
the stop-angle from 43° to 40.3° was reduced. The
fluidity of cement became more powerful because of
adding modified compositesof lignosulfonategrinding
ads. Thestop-anglewasdiminishedto 6°. The reason
why grinding aidscan smoothitsfluidity could be ex-
plained asfollows: when surfactant wasabsorbed on
the surface of powder particles, hydrophilic groupsdi-
rected arranged on the surface of powder particles,
hydrophobic groupswerefacing to theair forming the
surface of onemol ecul e absorbed thethin film on pow-
der particles. Theexisting of thinfilmreduced thedirect
contact areaof solid powder particlesand the attrac-
tiveforce between each powder particles. In addition,
likethelubricant, it reduced friction between solid pow-
der particlesand functioned as powder smoother, asa
result, the powder dipped easily and itsfluidity was
changed a so.

TABLE 4: Resultsof cement powder stop-angle

SampleNo. A B1 B2 Cl1 C2 D1 D2 E1 E2 E3
The stop-angle[®] 43 42 40 41 40 41 39 37 37 37

Cement’sdispersion
(a) Sieveresidue

Seetheresults of severesidueof 0.08mm square
holesevein TABLE5. Thecement finenesswasraised
after addinggrindingaids. Theseveresdueof 0.08mm
sguare holesievewas about 6.5% without any grinding
ads, but after adding somegrinding aids, theseveresi-
due reduced by 1-2.5%. Asmoresinglegrinding aids
increased with dosage, the sieveresiduewas reduced
afterwards. Among thosethree singlelignosulfonate,
CLSF owned thesmallest thesieveresidue; thesieve
residue of SLSF is as much as MLSF. Altogether,
there’s no big difference among these three. But modi-
fied compositesof lignosulfonategrinding ads’s the sieve
resdueismuchsmaler, only 1%thesieveresdue, re-
duced by 5%. It contributed to itsgood grinding effect
and small diameter of powder particles. Theresults of
experiment indicated that adding grinding aids can di-
minish the contents of coarse particles. Nevertheless,
fineness of the sieveresidue only showed the contents
of coarse particles, the contents of 0-30pum powder
particleswhich affect most the strength can’t be tested
and the proportion between different powder particles
will either beknown. Sotheeffect of grinding only could
bedisplayed roughly.
TABLE 5 : The sieve residue of 0.08[mm] square hole
sieve[%]
SampleNo. A B1 B2 C1 C2 D1 D2 E1 E2 E3

>0.08lmm] 6.5 5.6 4.7 51 44 49 41 1.0 0.9 0.8

(b) Specificsurfacearea

Figure 1-Figure4 showed specific surface area of
different sampleafter grinding 1h. From that, we can
seethe cement’s specific surface area was increased
after usng somegrindingaids. Grindingfor 1 hour, the
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specific surface areaof cement was 345m?/kg without
grinding aids. Thedifferences of specific surfacearea
among thosethreelignosulfonate single grinding aids
werenot clear. B1, C1, D1 are about 375m?/kg, raised
by 8%; B2, C2, D2 are about 400m?%kg, raised by
16%. Compared with singlegrinding aids, the specific
surface areaof three modified compositesof lignosul-
fonate grinding aidswasincreased obviously, reached
440m?/kg, to 30%.
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Figurel: Comparison of specific surfaceareaafter grind-
ing 1h
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Figure2: The comparison of cumulative distribution of
0.2% dosage L SF
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Figure 3: The comparison of cumulative distribution of
0.4% dosage L SF
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Figure4: Thecomparison of cumulativedistribution of modi-
fied compositesgrinding aids
(c) Theaveragediameter of cement’spowder par-
ticlesand itsdistribution

Theaveragediameter of cement’s powder particles
and particle distribution were changed various after
adding grindingaids. Figure 2 to Figure4 are compari-
son about distribution of different LSFwith diverse
dosage, modified compositesof lignosulfonateand par-
ticlesizeof blank sample. After adding grinding aids,
the average diameter of powder particles (D, ) was
decreased. Without grinding aids, D, , was 22.3 pm,
but after adding singlelignosulfonatefor 0.2%, D de-
creased to about 19um, and when the dosage increased
t00.4%, D, reached to 18um. However, because of
using modified compositesgrinding ads, D, decrease
to 15um. It can be showed from the distribution of pow-
der particles, after using grinding aids, the percentage
in each parts of cement was decreased. For lignosul-
fonate singlegrinding aids, cement’s particle of 0.4%
dosage got thinner onethan that of 0.2%.

Compared with thesethree L SF, CL SF had better
ass sant-grinding performance, whileno significant dif-
ference between SLSF and MLSF. The contents of
powder particles45um for three LSF are almost the
same. Themain differenceisabout their particlesize,
that’s 3-45um, the cement’s particle size was 3-45um
with adding 0.2% ML SF and SL SF. It occupied 67%.
The percentage was 69% with 0.2% CL SF and par-
ticlesize 3-45um. With0.4% SLSF and CLSF’s par-
ticleszewas3-45um. The percentage was 68%, and it
wasthe same about dosageto be 70% CLSF. Figure4
told that modified composites grinding aids had better
grinding effect than single grinding aids. Powder par-
ticleswith morethan 60um particle size was only less
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than 5%, whilethere was 9% of powder particles0.4%
CLSF anditsparticlesizewas60pum. Modified com-
posites grinding aids particle size was 3-45um with
about 74% powder particleswhich was 70% higher
than CLSF. Modified composites grinding ai ds about
every particlesize’s cumulative distribution was much
higher than LSF. Itillustrated that modified composites
grinding aids’s fine particles were more than LSF dur-
ing every period of time,

CONCLUSION

lignosulfonatesinglegrindingaidsanditsmodified
compositesgrinding aids can show an evident increas-
ing fluidity of cement. The particlesize of powder par-
ticleswasraised to anew height, the cement’s specific
surface areawas enlarged and especially the propor-
tion of particle size between 3-30um which played an
important rolein the strength of cement was enhanced.
What’s more, the cement particle size distribution of
cement wasimproved alot. Astheincreasing of dos-

age, lignosulfonate’s grinding effect was more efficient
accordingly. The best dosagewas 0.3%-0.4%. Among
thosethreelignosulfonate singlegrinding aids, CLSF
got the best grinding effect; the grinding effect of modi-
fied composites grinding aids was better than single
grinding aids. The modified composites of CL SF got
thebest grinding effect.

REFERENCES

[1] LeoLiberthson; Petroleum hydrocarbon emulsions:
USA US2307744, (1943).

Bruce A.Lange, N.H.Ham Pstead; Additive com-
bination for hydraulic cement compositions: USA,
USA375987, (1983).

Zang Donglan, Xu Huayi, Zhang Yongtian; Applied
effectiveness analysis of several grinding aids.
Cement, 2002(4), 23-25.

D.Touil, S.Belaadi, C.Frances; Energy efficiency
of cement finish grinding in adry batch ball mill,
Cement and Concrete Research, 2006(36), 416-
421.

[2]

[3]

[4]



