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ABSTRACT 

The paper includes four parts t.e. studies on aluminifer­
rous chromium lignin, experiments on pollution range in 
~outing with chromium lignin, studies on low toxic lignin 
jexpecially chrome sl~ lignin/ and studies on non-toxic 
lignin /sulfate lignin/. A brief account i~ given on the 
Eignificance of t<Sill€ new lirnin grouts as a chemical ,;rout 
material from the viewpoint of utilizing industrial waste, 
enlarginr. the sourse of grout material, decre~sine cost and 
limiting environmental pOUUtion. Main results of laboratory 
experiments are given in the article including properties 
and formulation of new lignin grouts, factors affecting set­
ting time and strength of congelation, the permeability and 
viscosity as well as toxicity of new lignin grouts. All 
these provides the experimental basis of the application of 
new lignin grouts in engineering practice. Practical examp­
les of waterproof sealing of inclined shaft stations, sig­
nal chambers, pourer substation· chambers and dam's founda­
tions are describe:i in the last part of the article. 95 f. 
waterproof efficiency is achieved. In conclusion, the author 
highlights the advantages and prospects of the u!'e of chrome 
slag lignin and peroxy /mono/ sulfate lignin in the field of 
waterproof sealing. The author also points out the direction 
for further research on chrome slag lignin and peroxy /mono/ 
sulfate lignin. 

INTRODUCTION 

With the developments of mine constructions an1 other under­
ground engineerings, geology conditions to be met with be­
come more and more complicated. It is difficult to meet all 
the needs of engineering sealing with suspended solution 
class grouts such as cement or the like. Since the middle 
ter:r. of 60'ty yearE, chemical rrouts, lH:e sodium silicate 
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formulations, lignosulfites, phenopl&.ets, acrylB.'!iiGee, 
polyurethane and so on, have been applying in many mine 
underground engineerings such as chambers ore stores, 
shafts, drafts, civil underground building, water dam foun­
dations and so on. In most of chemical grouts, there exist 
the problems that the expense is cost, that the strength 
is lower and that the enviror~ent is polluted. The grouts 
testing group of Northeast Institute of Techr1ology has made 
laboratory test and field investigation in the changing na­
ture research of chromium lignin class grouts for near ten 
yearb and achieved good technological and economical results. 

I. STUDIES ON ALUMINIFERROUS CHROMIUM LIGNIN 

Generally, chromium lignin is ferrous chromium lignin whose 
compressive strength of sand consolidation os lower, about 
5 kg/c~. That the strength in fixing middle-coarse sand in 

the building shaft with chromium lignin reached over 10 kg/c~ 
was required on a certain Iron Mine in Henan Province. The 
grouting testing group of N.E. Institute of Technology has 
proceeded the basic formultation tests of six promoters: 
A1Cl3 , Al~S04/3 , CuC1 2, CuS04, FeCl) and H3Po4 and selec-
ted a better formulation to make consolidation teets of 
quiet water and moving water in the device of consolidation 
test. /Fig. 1./. In the tests, the formulation whose comp­
ressive strength was high to 24 kg/c~ was obtained /Tab.lJ8/, 

Promoters have very great influence on the strength, The 
effects of aluminic salt are better than that of other 
salts but when amount of aluminic salt added is bexond the 
given value, the strength lowers on the contrary /Fig. 2./. 
Under the condition of the same amount of metal salt, to 
add chloride is better than that sulfate. 

The pourable distance of aluminiferrous chromium lignin in 
fine, middle and coarse sand is measured to be 0.75-1.50 M 
by usi~ the device for measuring pourability of grout ma­
terial /Fig. 3./. In the field grouting investigation in 
Batai Iron ~ine, Henan Province, in 1973, an aluminiferrous 
chromium lignin curtain 2.8 M /long/, 1.3 M /high/ and 
0.5-0.6 M /thick/ was got /Fig. 4.7. In 1981, Mine in Xijing, 
aluminiferrous chromium lignin has been employed in a sur­
face pregrouting teet, whose formultation is the following: 
sUfate waste liquor 26% /17.5 Be/ 50 ml; sodium bichromate 
10 g, sulfate of alumim 1 g, cupric sulphate 0.4 g, ferric 
chloride 0,4 g. Water add to 100 ml. The viscosity was 3 c.p. 
and the pourability was good. 

II. EXFERIKENTS ON POLLUTION RANGE OF GROUTING 

Na,cr 2 o7 in chromium lignin is a violent toxic medicine and 
therero~e, in grouting on stratums, there may+ge the prob­
lem of underground water being polluted by Cr • With a view 
to <olve the problem, MEIT has experimented and measured 

LbO 
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on the pollution range of chro~ium li~nin grout, which h~s 
rovidea the baE.es for using it. 

1. Immersion ~periment 

The solidifying sand body that had been made as the formu­
lation Bin Tab. 1~ was immersed in water and its draw­
off rate relatives to the immersion time and Na2cr

2
o

7 
con­

tent in the formulation. 

2. Adsorption Experiment 

A steel cylinder has been taken and the sand has been fil­
led in it. The immersion fluid has filled in and been fil­
tered time and again, and then based on the chemical exa­
mination results the saturated adsorption quantity of the 
sand on a unit volume to Cr b has been calculated. The test 
results are shown in Tab. 2~ The test proved that sand has 
£Ome absorbing action to Cr 6. The finer the sand, the grea­
ter the saturate quantity absorbed by per leter sand. 

3. Field Investigation and Results on Pollution Range 

In order to grasp further influences on pollution degree, 
the experiment of measuring the pollution on-the-spot has 
been again made in Batai Iron ~ine. The results of the ex­
peri~ent are shown in Tab. 3. The following conclusions 
are drawn from the tests: 

1. Under the same conditions, draw-off rates of Cr+6 are 
concerr.ed by immersion times. If immersion in fine sand 
three days, the draw-off rate is 3.8 ~. and ten days, 13.2%. 

2. Owing to the plysic action of sand, Cf+6immersed in wa­
ter produce the phenomenin of adsorption to sand in the 
cause of it being saturated. From the experiment to know, 
saturate quantity absorbed by per liter sand is related to 
the size of sand grain /surface area/. /Tab. 3/. 

3. According to the results of practical measuring to the 
grouting sand stratum deep from 21.2 to 27.5 M. the greater 
the grouted quan~ity, the larger the pollution range /Tab. 
3/. Moreover, Cr 6 craated by grouting with chromium lignin 
will be reduced gradually as time elapses. 

During the past ten years, NEIT has been studying chromium 
lignin on two sides as follows: · 
/1/. to reduce the quantity of the chromium salt in the for­
mulation of chromium lignin grouts; 
/2/. to use other chemicals to replace chromium salt. 

I II. STUDIES ON LOW TOXIC GHROtt.IUM LIGNIN 

/I/. Chlorizate Chron:iu:n Lignin 

20) 

IMWA Proceedings 1982 B | © International Mine Water Association 2012 | www.IMWA.info

Reproduced from best available copy



Ja::w.nr><:e scholan: 1'Hl!1Zhong, Bru1tian ano _:lanc·r.')n tho~.;.rtt 
that gelatincte reactive hypothesis of lignin war causen b.v 
oxidation bridGe lir~age of phenol nuclous. /r~g. s/. The­
refore, lignin also causes the gelatinate reaction with 
peroxy /mono/ sulfate, potassium ferric oxalate an.:J so on. 
On thir basis, !.IEIT has compared many oxidizers and finally, 
bleaching powder has been selected, which may replace a 
part of Na2cr2o7 • Its formulation is listed in Tab. 4. 

T~e following conclusion from laboratory tests have been 
fOt: 

1. ~ince chlorizate chromium lignin is used and a part of 
Na ... cr2o7 is replaced by filtrate of bleachine powder, the 
ambunt nsed of Na Cr~O is decreased by 56 ~; and the draw­
off rate is ciecre~se~ ~y 28 :' that of aluminiferrous chro­
mium lir,nin, so that the pollution of the undergroun~ wa­
ter has been decreased and it may improve on the waste so­
lution and has the disinfecting action. The results of im­
mersion experiment of two formulations are listed in Tab.S. 

2. A part of Na?::r ~07 is rep I aced by bleaching powder whose 
source is extentiv~ anJ cost is expensive, so that the cost 
ic decreased by one third. Since it is complicated that 
~leaching powder is produced and fillered in a large scale 
of grouting engineerings, the semi-industrial experiment 
has not been made. 

/II/ Chrome Slag Lignin 

Chrome slag lignin whose main agent, curing agent and pro­
moter all may be made and be prepaired by the waste products 
is a kind of typical grout materials utilized the waste 
products. It not only has low price and wide sources, but 
also lowers toxicities of grout and reduces pollutions of 
circumstances, wbich has better economic efiects in the in­
dustrial experiments. 

1. Formulation /Tab. 6/ 

The curing agent is chrome slag with PH=8.8, whose alumi­
nate content is 29-31 %, chromic salt 15-25 %, calcic salt 
3-5 ~. magnesum salt 2.7 %, iron salt 0.15-3.7% and other 
refuses. After acidizing, Al/OH/1 in the slag have changed 
into AlCl' and chromate have changed into bichromate and 
become lictUid purified of acidific chrome slag. 

/1/ Setting time 
The decisive factors to have influence on setting time are: 
quantity of FeCl, used and temperature of reaction. Accor~ 
ding to the formUlation in Tab. 6, the real line in Fig. 6 
has been obtained. The more quantity of FeC11 used, the 
shorter settinr time. In Fig. 6, the detted line shows in­
fluence of temperRture on setting time. Th!' higher tempere.­
ture, the shorter ~~ttine ti~e. 

20 2 

IMWA Proceedings 1982 B | © International Mine Water Association 2012 | www.IMWA.info

Reproduced from best available copy



/;j ~~ompress1 ve rtrel'l(~th 
The ·:omprf>ssi ve E trenrth of chrome s la,v lignin enlart:es as 
lignosultin, chrome slac p.n_i as shovm in F1g. i). A.~d1nr to 
a certain quantity of LorR-x may enlarge the stren{Cth. 

/3/ Permeability 
UseJ N-55 OS!r.I'SCOP an:! under water head 640 em, chrome slU£ 
lignin has been measured not to be seepage for 7 hrs. 

/4/ Viscosity 
It is similar to that of chromium lienin. ::;h=c:e circum­
Etances of viscosit~· of chrome slag lignin in the course 
of gelling are £hown in F'it;. 5. 

1 Field investigation 

The chrome slag lignin was first applied to stop up seepage 
at the incline shaft station, signal chamber and power sub­
station chamber in Xangdong Iron Mine. The station and sig­
nal chamber had crack water and the speeu of seepage water 
was 2300 ml/min. The crack width in the power substation 
chamber was tiny and the speed of seepage was larger ~any 
times than that of the station on the raini~ season. ~e 
to cement is difficult to meet the needs of grouting, the 
plan that groutine with chrome slag lignin would be emp­
loied had been dec1ded. The grouting time of two chambers 
wa:o. about one week and the cost prices of grouting were 
G'i.7 Yuam; per meter of the draft. /Pi£.':!, 10/. 

The E.peed of seepage water was 115 ml/s after groutine and 
the rate of blocking water was 85 % in the signal chamber. 
The seepage water have been also stopped at the power sub­
station chamber. After a year, the effect observed had not 
changed in spite of on the rainillg season. 

The result showed: it can be carried on that chrome slag 
lignin is made use of to replace Na?Cr?o7 • It has better 
pourability and the toxicity of groat !s lower. Its ma1n 
functions are similar to ordinary chromium lignins. The 
production cost of slag lignin was lower 50 ~ than that of 
chromium lignin, which the cost of one i grout required 
about 200 Yuens. In the present, this is the cheapest one 
of grouts in chemical grouting. 

IV. STUDIES ON PEROXY /?.:ONO/ SULFATE LIGNIN 
NON-TOXIC LIGNIN 

Above mentioned formulation of lignin needs also a certain 
amount of chromic salt and the toxicity was not destroied. 
StPxting with study of reaction hypothesis of sulfate lignin 
to oxidizer and through many tests, NEIT has made up the 
non-toxic lignin grout /not to contain Na0 jr~O /-- peroxy 
/mono/ sulfate lie;nin. The formulation of"pet'ofy /r..ono/ sul­
fate li{',Din is shc>wn in Tab. 8. 
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1. The setting time result of the test /at RT 15°C/ is shown 
in Fig. 10. It is known from Fig. 10 under 40 % that the 
higher the solid contained in lignosultin, the shorter the 
setting time. When weight of /NH

4
! 2s2oj used exists about 

5-5.5 g, the setting time become tne snortest and density 
of gelatim become better. But under 3 g of /NH

4
/ 2S2 o7 used, 

the ~elatin is too soften to shape. And without adding 
/NH4/ 2S207 the grout appears alkalinity /PH=lO/ reaction, 
while SCidic grout can't solidify under circumstances of 
alkalinity, On ground of this formulation the test has 
showed that the lowest amount added to make peroxy /mono/ 
sulfate into /NH4/ 2S207 solidified must be over 30% of the 
dry powder content in lignosultin, while over 50 ~ to the 
gelatin resistance water. The more amount of CuC12 used, the 
shorter the setting time and better the density. Without 
added CuC12, the temperature of reaction of grout is low 
and grout aoes not gelatinate for a lone time, which it is 
better to add 1-2 %. To change temperature has also great 
influence on the setting time, which the result is similar 
to other chemical grouts. 

2. The compressive strength 
The test results surreied have shown that average strength 
reaches about 5 kg/em so that the demands for blocking up 
seepage could be met. 

3. The viscosity of peroxy /mono/ sulfate lignin has been 
measured to be 4 c p. 

From the above mentioned tests known: 

/1/ Because the peroxy /mono/ sulfate lignin do not require 
completely chromic salt as curing agent, it is non-toxic so 
that the pollution to underground water sources is exter­
minated and the new pathes for grout materials of lignin 
kind to be obtained in our country are opened. 

/2/ The tests prove that the gelatin of peroxy /mono/ sul­
fate lignin does not dissolve in water, dilute acidic liquid 
and dilute alkalinity liquid, so that whose chemical pro­
perties are Seady. The gelatins of peroxy /mono/ sulfate 
lignin immersed in water, dilute acid liquid and dilute al­
kalimity liquid take place to expand so that is advantage 
to block seepages. 

At the water dam in Jinduicheng Molybdenum Mine, Shanxi 
Province, there are tiny cracks in the dam's foundation. 
Experiments had proved that cement pouring did not meet 
the need, so that chemical grouting has been emploied. 

In 1979, emploied grouting with peroxy /mono/ sulfate lig­
nin, NEIT has completed the semi-industrial experiment of 
dam's foundation grouted curtain within the dam corridor and 
have achieved better effects of grou~ /Fig. 12/ /Tab. 9/. 

2.b4 
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;; UJ.llliARY 

1. The alumi.niferrous chromium lignin particularly the 
promoter being of AlCl,, can greatly increase the strength 
/about 20 kg/c~/ and improve on the pourability /3 cp./ 

2. The main, curing agents and promoter used in chrome slag 
lignin can be made from the waste p-oducts and its grout cost 
was reduced by 50 ~. compared with that of sodium bichromate. 
It is the one of the cheapest chemical grout materials in 
the present. 

3. On the basis of low toxic lignin, NEIT has used /NH / S 0 
as curing agent to replace all chromic salts and has mid~ 2 7 
out sulfur lignin that is peroxy /mono/ sulfate lignin so 
that has elillli.nated the pollution to underground water sour­
lie and opened up a new path for the grout materials of lig­
nin. In mine semi-industrial experiments, better technology 
and economy targetc have been achieved in grouting with 
chrome &lag lignin and peroxy /mono/ sulfate lignin. 

4. Author points out that further researches will be mace 
in the direction of strength and lastness on chrome slag 
lignin and peroxy /mono/ sulfate lignin. 
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Tab1e J. 

Chancing nature Gtucies on chromium lignin 

·ropic 

::>turlies on alu­
miniferrous 

1 chrorr.iura lif;nin 

Experiments on 
nollution range 
in crouting with 
chromium lignin 

Studies on low 
toxic lic;nin 

~tu-iies on non­
toxic licnin 

:Problem Test 

'Date Place 

Increasine compressive jl973 :Ba!ai Iron ~:ine 
strel1€th . ,. i 1Henan Province 

Improving nourabEity !19b1 l•:in,e i~ i:ijiang 
i 

r.:eosuring pollution 
ranee 

1974tBatai 
'1976

1
Henan 

I 

Iron !.line 
Province 

Lowerine content 1977: Like above 

Utilizinc waster 

c.:r. terminatirl(; 
po11ation 

' 1380 Xianenong Iron 
!;:ine, Hunan 

·Province 

l978·Ginglui :;heng· 
r.:olyb<Oenur. h.ine 

· ~hanxi Province 
1
19bl Daiyao Copper ~lne 

YUIUlan Province 

2 (a 7 
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Table La 
Phyeical nature of aluminiferrous chromium lignin 

A B . i 
sul~&:te waste liquor ~~l~&:te waste llouor i 

Formulations /45~/ lOOml, AlC132og, 45%/100 ml, AI/S0/3 i 
Na6cr~o7 15-20 g, 20 g, CuSO 2 g. . 

I H2 a d to 200 ml. ~ 20 add to4200 m1. 
i 
' I 

s.c. /g/cJ/ . 1.17 1.20 

-
Viscosity/C.P./ 2.6 3.6 

I 

Setting time/min./ 6 7 I 
Comp. strength 17-24 17-24 

I 

/kg/cr./ 

Test in device ' --
/Fig. 1./ very good good .T· /in moving water/ " /25 ml/min/ ~ c• E outlook s:,: --- ::". E. I 
/velocity/ ~! I 

ml/min/ ~ I :/29. ' 
I ' _L 

.~ 

Table 2. 

' Coarse Moderate 
Sand standards i o.63-2mm 0.31-

0.63mm 

. quantity /1/ 17.44 17.44 4.00 
' . 
absorption time /days/ I 13 13 10 
absorption /fitter/ numbers I 39 39 i 50 I 

louantity of absorpt.so1/m1/ 13100 3280 14100 I . . 
I chromium in the absorpt. 

sol /ing/1/ I 27.32 27.32 61.52 
I saturate 

I 
q. abserbed per ! 

1. sand 4.82 5.12 40.72 

2.'S 
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Date 

!1976. 
i7-ll 

rl 976. 
!7-11 

hens. 
17-9 

Tl:lble 3. 
i-lelation of the {'"routed quantity of chron,ium 

licnin to pollution range 

Chrom1um llPTiln Po11utlon l'ion-po1lu- 1 

lfrouted quantity Wa2Cr2o
7 conte~t 

rae ius tion radiu, 
AI /ton/ /K/ /'11:/ 

I 

5.51 I 0.41 3.5 7.0 I I 

7.35 ! 0.55 5.0 &.5 I 
i 

102 
1 

7.65 12 .o 20.0 I 

' 

2.69 
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Table 4. 
Comparison table of chromium salt content and 

cost of chlorizate chromium lignin with chromium lignin 
/Al/ 

name of grout raw material formulation explanation 

chlorizate 
' 

Ls /4(](./ 100 ml 1. liL grout re-
chromium I Natr2o7 6.6 g quires 

I lignin /C/ I Fe 13 13 g 207 Yuan. 
' Bleach powder 34 ml 2. When §T is 
I /lg/ml/ 23-28 c, 

borax 8 g~ setting time 
H20 50 ml: is a• -29'. 

.. 
Aluminiferrous ' Ls 40 % 100 ml 1. 1 IIi grout 

I 
chromium Na2cr2o7 15 g requires 
lignin I Al~S0/3 20 g 305 Yuan. 

I 2. When §T is 
I 2 g 23-28 c, I CuS04 - setting time H20 53 ml . 

I 
is6'-15'. 

Table 5. 
Comparison of results of immersion experiment of 

chlorizate chromium lignin with aluminiferrous chromium 
lignin 

Formulations immersion immersion cr•bcontent !comparigg 
time/days/ water/1/ in sol./mg/1/ of Cr 

f 

' 

~mmersed out; 

Chlorizate 
chrom.lignin 7 

/C/ I 
4 19.93 72f. 

' 

AluminiferroJs 
chrom. ligni~ 7 

/B/ 
4 27.32 100 f. 

I 

170 
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Table 6. 

Comparison table of the fomulation 
of chrome slag lignin with chromium lignin 

chrome slag iignln ~hromium 
ignin F !Formulation D E 

·-----------+----~~-------+------~----------------------~ Ls/33~/ SCGl Ls/4af./ 5CG1 Ls/4~/50ml 
Raw material slag liq.-/l/25ml slag lio.-/2/30-SomLN~Cr. 0 eg 

:and pro- FeC13/56%/l0-20ml FeC13 /5o%/10~20ml ~ed1,f5b,,/10ml 'portion/100/ H20 add to 100m1 H20 add to 100 m1.~2o add to lOOm~ 

l.RT 14 C, set- l.RT 8.5 c, s.t. 
ting time 2'-4~ 1'-150' 

2.strength 6.5 2.strength 8.8 
kg/em' kg/em 

.RT 20C, s.t. 
1' -30' 

~.strength 8 
kg/c:i 

i 

~· viscosity 45s ).viscosity 47s .v - 27s j 

Note: slag liq. - /1/: liquid contains lg slag; S.C. 1.22. 
slag liq. - /2/: acid-treated liquid, appearance presents 

orange-red, s.c. 1.22, PH 6.2. 

Table 7. 
Survey of cr+6 content 

formulation;gelatin iiiiDersion immersion . Cr+O comparing of 
/cr::/ time /Day/ water /ml/'content draw-off 

'/ml/1/ rate /"f./ 
l 

I 

D/Tab~6./ 
' 

48 28 200 6.5 30 

~ 48 28 200 22 I 100 I 
I 

xLs/3~/ 50ml, Na2cr2o7 8g, Fe~o4 2e, borax 3g, H2o add to lOOml. 

Used the draw-off rate of Cr+6 to calculate, the toxicity of 
slag lignin 1s lower 70 ~ than that of ordinary lignin. 

2 7 J 
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1'able c. 

I 
' I formulations Raw materials color &: shape G H J 

mal.n agen't ll.gnosul tl.n 4{}j'o !J.l.S.CK Stl.Clcy 'Olli ''>On 7U'lll 

curing /NH4/2S2~ white solid ~o-llg 7g 8g 
agent 

ZnC1 2 white solid - 2g 2g 

NH4Cl white crystal 3.2g 3.2g -
Cuc12 green crystal 0.4g 0.4g O.lg 

promoter FeCl) brown solid l-2g -
NH 4 OH/NH 3 2 5f./ colorless liq 4ml 4m1 
p-1 white solid - -

Table 9. 

The grouting effects at the foundation 
of water dam in Jindui Cheng •lolybcen h:ine 

i 
i¥ valf~/~f pres~fing water iHo1e Sec- 1 min.lii.lll. Ave-

Proce-:num- tion 
' 

rage 
dure \bers num- 0.0001 0.0001-0.001 0.001-0.01 w 
I 

bers S.N. ~~S.N. ~ S.N. f. ll/minWI 
I l 
!before I 

grou- 3 7 - -1 3 42.8 4 57.2 0.00101 
[ting l 

I 

-
-
4.5g 

Com-
pare 

after 
grou-
ting 
than 
be for 

. 

• 

I 

after 
grou- 3 5 2 40 3 60 - - 0.0002~ 

gr. WI 
lower ting 76.2"/o 
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5/ aixing equipment 
6/ pipe for leakage grout 
7/ three section pipe 
8/ filtration plate 
9/ leakage water value 

10/ pres ure schedule 
11/ hole plate 

Pigure 4a .Actualities figure of scl.idi!Jing smd grouted 
curtain after ever;r grouted holes being dug out 
in the iaitation pit 

Figure 5a '!'he reactive ~pothesie of chrc.iua lignin-ox :I, da­
ti on-bridge linkage 

Figure 6: 

Pigure 7: 

Intlu~~~nCes of quanti t7 of P.Cl used and tSlllpe­
rature on setting time, real lhte - F.Cl1", dot­
ted tiae - 'l'C, I.I' - folWllation D.II.II' -
formulation E! 

Influence of chaD£ing certain ra material in the 
baaic formulation on the c0111pressive strength. 
Bote: the dotted line shows volume ratio of slag 
liquor to lignosultin. 

')_ 7 3 
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figure 8: Change of viecoai ty 

figure 9: '!'rue photograph of grouting with chrome slag 
lignin in the power eubetation chamber 

figure 10: '!'rue photograph of grouting equipunta arran­
pug in the power aubetation chamber 

figure 111 

Pigure 121 

274 

Relation of density of lignoeultion, /IIH/ -}3 2~ content and quantity used of OuC12 ad 
RH3.H20 to setting time 

'!'rue photograph of the groutin& of per0X7 /aono/ 
aulfate lignin grouted tent at the corridon of 
the dam in Jinui Cheng llol.J'bdenwa lline, Shanxi 
Province. 
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