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APPLICATION OF NEY LIGNIN GROUTS IN ZEALING OF SOILS
Du Jiahong
/T.e. Tu chiashung/

Northeast Institute of Technology
Shenyang, Liaoning People'’s Republic of China

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
ﬁzxpecially chrome slag lignin/ and studies on non-toxic
lignin /sulfate lignin/. A brief account is given on the
cignificance of using new lignin grouts asz a chemical grout
material from the viewpoint of utilizing industriel waste,
enlarging the sourse of grout material, decreasing cost and
limiting environmental pollution. Main results of laboratory
experiments are given in the article including properties
anc 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 described in the last part of the article. 95 %
waterproof efficiency is achieved. In conclusion, the author
highlights the advantages and prospects of the use of chrome
slag lignin and peroxy /mono/ sulfate lignin in the field of
waterproof sealing. The authcr also points out the direction
for further research on chrome slag lignin and peroxy /mono/
sulfate lignin.

INTRODUCTION

With the developments of mine constructions ani other under-
ground engineerings, geology conditions to be met with be-
come more and more complicated, It is cifficult to meet all
the needs of engineering sealing with suspended solution
class grouts such as cement or the like. fince the middle
term of €0'ty vears, chemical grouts, like sodium silicate
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formulations, lignosulfites, phenoplasts, acrylamides,
polyurethane and £0 on, have been applying in many mine
underground engineerings such as chambers ore stores,
shafts, drafts, civil underground building, water dam foun-
datione and so on. In most ¢f chemical grouts, there exist
the problems that the expense is cost, that the strength

is lower and that the environment is polluted. The grouts
testing group of Northeast Institute of Technology has made
laboratory test and fieid investigation in the changing na-
ture research of chromium lignin class grouts for near fen
years and achieved goed technological and economical results.

I. STUDIES ON ALUMINIFERROUS CHROMIUM LIGNIR

Generally, chromium lignin is ferrous chromium lignin whose
compressive strength of send comnsolidation os lower, about

5 kg/cu. That the strength in fixing middle-coarse sand in
the building shaft with chromium lignin reached over 10 kg/cd
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:
AlClB, A12/504/3, CuCl2, CuSOa, FeCl3 and H3P04 and selec-

ted & better formulation to make consolidation teets of
guiet 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/cT was obtained /Tab.l/m/.

Promoters have very great influence on the strength, The
effects of aluminic salt are better than that of other
selts but when amount of sluminic salt added is beyond the
given value, the strength lowers on the contrary /Fig. 2./.
Under the condition of the same amount of metal salt, to
add chioride 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 using the device for messuring pourability of grout ma-
terial /Pig. 3./. In the field grouting investigation in
Batei Iron kine, Henan Province, in 1973, an aluminiferrous
chromium lignin curtain 2.8 ¥ /long/, 1.3 ¥ /high/ and
0.5-0.6 M /thick/ was got /Fig. 4./. In 1981, Mine in Xijing,
aluminiferrous chromium lignin has been emplioyed in a sur-
face pregrouting test, whose formultation is the following:
sufate waste iiquor 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 mi. The viscosity was 3 c.p.
and the poursbility was good.

ITI. EXFERIMENTS ON POLLUTION RANGE OF GROUTING
N&,.Cr,.0, in chromium lignin ie a vioclent toxic medicine and
thgre§o¥e, in grouting on stratums, there may+ge the prob-

lem of underground weter being polluted by Cr ~. With a view
to colve the problem, MEIT has experimented and measured
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orr the pollution range cof chromium lignin grout, whicn has
rovided the baces for ucing it.

1. Immersion Experiment

The solidifying sanc body that hac been made a&s the formu-
lation B in Tab. la was immersed in weater and its draw-
off rate relatives 1o the immersion time and Na20r207 con~-
tent in the formulation.

<. 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 saturaggd adsorption quantity of the
sand on a unit volume to Cr has been calculated. The tect
results are shown in Tab. 2* The test proved that sand has
gome absorbing action to Cr ., 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 Mine. The results of the ex~
periment are shown in Tab. 3, The following conclusions
are drawn from the tests:

1. Under the same conditions, <draw-off rates of cr'é are
concerned by immersion times. If immersion in fine sand
three days, the draw-off rate is 3.8 %, and ten days, 13.02%.
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 gquanitity absorbed by per liter sand is related to
the size of sand grain /surface ares/. /Tab. 3/.

3. According to the results of prectical measuring to the
grouting sand stratum deep from 21.2 to 27.5 M. the greater
the grouted quangéty, the laerger the pollution range /Tab.
3/. Moreover, Cr © craated by grouting with chromium lignin
will be reduced gradually as time elapses.

Turing the past ten years, NEIT has besn studying chromium

lignin on two sides as follows:

/15? to reduce the guantity of the chromium salt in the for-
mulation of chromium lignin grouts;

/2/. to use other chemicals to replace chromium salt.

TIT. STUDIES ON LOW TOXIC CHROMIUM LIGNIN

/1/. Chlorizate Chromium Lignin
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Japanece gehclars Tianzhong, Bantian anc Jiaencron thoupht
that relatinete reactive hypothesis of lignin was causea by
oxidation bridge linkage of phenol nuclous., /rig. 5/. The-
retore, lignin also causes the gelatinate reaction with
peroxy /mono/ sulfate, potassium ferric oxalate ani so on.
{n thiec basis, WEIT has compared many oxidizers and finally,
bleaching powder hae been selected, which may replace a
part of Na20r207. Its formulation is listed in Tab. 4.

Trhe following conclusion from laboratory tests have been
got:

1. Zince chlorizate chromium lignin is used and a pert of
Na.Cr,0, 1is replaced by filtrate of bleaching powder, the
ambunt tdeed of Na.Cr.C. is decreased by 56 j% and the draw-
off rate is decrefisel gy 28 % that of aluminiferrous chro-
mium lignin, so that the pollution of the underground wa-
ter has been decreased and it may improve on the waste so-
lution and has the disinfecting action. The results of im-
mercsion experiment of two formulations are listed in Tab.5,

2. A part of Na,’r.0, is replaced by bleaching powder whose
source is extenfivé 4nl cost is expensive, so that the cost
ic decreased by one third. Since it is complicated that
bleaching powder its produced and fillered in a large scale
of grouting engineerings, the semi-industrial experiment
hes not been made.

/11/ Chrome Slag Lignin

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

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/, in the slag have changed
into Al1Cl, and chromate have ch ed into hichromate and

become liguid purified of acidific chrome slag.

/1/ Setting time

The decisive factors to have influence on setting time are:
quantity of FeCl, used and temperature ol reaction, Accor-
ding to the formélation in Tab. 6, the real line in Fig. 6
has been obtained. The more quantity of FeCl, used, the
shorter setting time. In Fig. 6, the detted Yine shows in-
fluence of temperature on setting time. The higher tempere-
ture, the shorter cetting time.

o1
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/i/ Compressive strength

The ~ompressive strength of chrome slag lignin enlarges ac
lignosultin, chrome e€lag ani as chown in Fig. o. Adding to
a certain quantity of borax may enlarge the strength.

/3/ Permeability
Used N-55 OSWMPSCOF ani under water head 640 cm, chrome slag
lignin has been measured not to be seepage for 7 hre,

/4/ Viscosity

It 1s similar to that of chromiuwn lignin. Change circum-
stances of viscosity of chrome slag lignin in the course
ot gelling are chown in Fig. &,

2. Field investigation

The chrome slag lignin was first applied to stop up seenage
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 speed of seepage water
was 2300 ml/min. The crack width in the power substation
chamber was tiny and the speed ol seepage wac larger many
times than that of the station on the raining season. Due
to cement is difficult to meet the neecs of grouting, the
plan that grouting with chrome siag lignin would be emp-
loied had been decided. The grouting time of two chambers
was about one week and the cost prices of grouting were
7.7 Yuans per meter of the d¢raft., /Fig. 4, 1¢/.

The tpeed of seepage water was 115 ml/s after grouting and
the rate of blocking water was 85 % in the signal chamber.
The seepage water have been also stopped at the power cub-
station chamber, After a year, the effect observed had not
changed in spite of on the raining season.

The result showed: it can be carried on that chrome slag
lignin is made use of to replace Na, Cr 07. It hacs better
pourability and the toxicity of grofit £s'lower. Ite main
functions are similar to ordinary chromium lignine. The
production cost of slag lignin was lower 50 » than that of
chromium lignin, which the cost of one r grout required
about 200 Yuens. In the present, this is the cheapest one
of grouts in chemical grouting.

IV. STUDIES ON PEROXY /NONO/ SULFATE LIGNIN
NON-TOXIC LIGNIN

Above mentioned formuiation of lignin needs also a certain
amount of chromic salt and the toxicity wes not destroied.
Starting with study of reection hypothesis of sulfate lignin
to oxidizer and through many tests, NEIT has made up the
non-toxic lignin grout /not to contain Na,”r.0.,/-- veroxy
/mono/ sulfate lignin. The formulation of‘peToZy /mono/ sul-
fate liymin is chown in Tab. 8.
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1. The setiing time result of the test /at RT 15°C/ is shown
in Fig. 10, It is ¥nown from Fig. 10 under 40 % that the
higher the solid contained in lignosultin, the shorter the
setting time. When weight of /NH4/ 5,0, used exists about
5-5.5 g, the setting time become tﬁe sKortest and density

of gelatimbecome better. But under 3 g of /NH,/.5.0, used,
the geiatin is too soften to shape. And withou% adaigg

/NH 25,0, the grout appears alkalinity /PH=10/ reaction,
whifeZafidic 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 /NH /25 0, solidified muet be over 30 % of the
dry powder contefit®ifi zignosultin, while over 50 % to the
gelatin resistance water, The more amount of CuCl, used, the
gshorter the setting time and better the density. fithout
added CuCl,, the temperature of reaction of grout is low

and grout aoes not gelatinate for a long time, which it is
better to add 1-2 %. To change iemperature has also great
influence on the setting time, which the result is similar
tc other chemical grouts, ,
2. The compressive strength

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

3. The viscosity of peroxy /monc/ sulfate lignin has been
measured to be 4 cp.

From the above mentiocned tests known:

/1/ Because the peroxy /mono/ sulfate iignin 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 couniry 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 licuid take place to expand s¢ 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/ sulfete lig-
nin, NEIT has completed the semi-industrisl experiment of

dam’s foundation grouted curtain within the dam corridor and
have achieved better effects of groutng /Fig. 12/ /Tab. 9/.

2064

Reproduced from best available copy



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

SURMARY

1. The aluminiferrcus chromium lignin particularly the
promoter being of AlCl., can greatly incresse the strength
/about 20 kg/cu/ and iéprove on the peourability /3 cp./

2. The main, curing agents and prometer used in chrome slsag
lignin can be made from the waste productes and its grout cost
was reduced by 50 %, compared with thet 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,/ 5,04
as curing agent to replace all chromic selts and has mﬂdg
out sulfur lignin that is peroxy /mono/ sulfate ligmnin so
that has eliminated the pollution to underground water sour-
se and opened up a new path for the grout materials of lig-
nin. In mine semi-~indusirial experiments, better technology
and economy targetc have been achieved in grouting with
chrome clag lignin and peroxy /mono/ sulfate lignin.

4. Author points out that further researchee will be macde
in the direction of strength and lastness on chrome slag
lignin and peroxy /mono/ sulfate lignin.
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Table 1.

Changing nature stucies on chromium lignin

chromiuwa lignin

Topic Froblem Test
'Date . Flace
Studiee on alu- Increasing compresclve|1973 'Batai Iron Kine
miniferrous strength Henan Prov1nce

~ ; .
Improving nourab1 ity ‘19&1 hlng in Zi jang |
| i

A.L :

Experiments on lieasuring vollution j1974 Batai Iron Minei
pollution range range o '1976‘Henan Province
in grouting with : ]
chromium lignin l

+b j

Studies on low
toxic lignin

Lowering Cr'° content 1977 Like above

: ! '
Utilizing waster 1380 Xiangdong Iron
Fine, Hunan
-Province
~Ltuiies on non-  Lxterminating 1376 Gingiui “heng "
toxic lignin poliution lolybcenur hine

14

ghanrl Prov1nce

1Q51 Daiyao Copper Line
; Yunnan Prov1noeI
i |

1
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Table l.a

Phyeical nature of aluminiferrous chromium lignin

A

l

B

suitate waste;liquor

!
Eullate waste liguor

i
J
1
|
t
!

Formulations /45%/ 100m1, A1C1420g, y45%/100 ml, A12/SO4/3
NaCr,0, 15-20 g, PO g, CuSO, 2 g-
| H,8 afla’to 200 ml. H,0 add to*200 ml.
:
. S.C. /g/ci/ 1.17 1.20
Viscosity/C.P./ 2.6 3.6 |
;
Setting time/min./ 6 7
' —
Comp. strength - - -
®Jxajor/ 17-24 17~24

Test in device
/Fig. 1./

-

very good good

/in moving water/ £ ' .
outlecok §: /25 ml/mJ.in/ .
/velocity/ = ' /29 ml/min/
_t j
. 1]
Table 2.
T 1 v " Y
 Coarse [Moderate . Fine
Sand standards 1 0.63=~2mm| 0,31~ v 0.12~
_ : 0.63mm 0,31 mm
‘quantity /1/ 17.44 17.44 4.00
absorption time /days/ I 13 13 . 10
absorption /fitter/ numbers 39 39 1Y
ouantity of absorpt.sol/ml/ |3100 3280 14100
chromium in the absorpt. i :
sol /mg/1/ 27.32 27.32 61,52
saturate q. abserbed per | \
: 1. sand 4.82 5.12 40.72
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Table X.

- delation of the grouted guantity of chromium
lignin to vollution range

Chromium Jipnin Pollution] Non-pollu- )
Date [grouted quantity Nazgr257 content| racius |tion radiuj
/s . /ton/ /%/ N/

- ;

137¢.
9 7.35 0.55 5.0 6.5 !
1975, 102 | 7.65 12.0 20.0 |
7-9 | ;
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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 /40%/ 100 m1 |l1. 1z grout re-
chromium Na Cr207 6.6 g quires
lignin /C/ Fefl, 13 g 207 Yuan.
- Bleach powder 34 ml 2. When gT is
' /1g/ml/ 23-28"¢,
borax 8 g- setting time
. H,0 50 ml is 8?-29',
Aluminiferrous: Ls 40 % 100 ml l. 1 & grout |
chromium _ Na20r207 15 g §equires i
) i 05 Yuan. !
lignin | A15/50,/ 20 & 2. When BT is i
| Cuso, 2 g 23-28"¢, |
S setting time
, HZO 63 ml is 6-15%,
!
Table 5.

Comparison of results of immersion experiment of
chlorizate chromium lignin with gluminiferrous chromium

lignin
Formulations immersion .immersi on Cr+6c ontent omparigg
time/days/ | water/1/ |in sol./mg/1/] of Cr
immersed out,

Chlorizate
chrom.lignin 7 4 19.93 72 %

/c/ |
Aluminiferrods
chrom. lignin 7 4 27.32 100 %

/B/
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Table 6,

Conmparison table of the formulation
of chrome slag lignin with chromium lignin

chrome slag lignin E@romium l
Formulation D E .1gnin F
i

: Ls/33%/ 50ml Ls/40%/ 50m1 Ls/40%/50m1
Raw material [slag 1iq.-/1/25ml|slag 1io.=/2/30-50mN
a& ?55 /IOml

‘and pro- Fe013/5o% 10-20m1 | FeCl, /5 /10.20m1 |
'portion/100/ H 2 add to 100ml H20 add to 100 ml. O dd to 100mu

IORT 14 c' Set— lcRT 8-5 C’ S.t- 1.RT 2&, s.to

roperties ting t1me62’-40 1*-150" 8.5 P 1'-30°
2.s8trength 5 2.strength 8. .Btrength 8
kg/en xg/cn kg/cd .
3. viscosity 45s |3.viscosity 47s b.ov - 27s |

Note: slag liq. - /1/: liquid contains lg slag; 5.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

foruulation!gelatin immersion |immersion ;Cr+6_ pomparing of
/ec/ | time /Day/|water /ml/’' content| draw-off
;/ml/l/ rate /%/
N

8 | 28 200 © - 6.5 | 30

D/Tab.6./

S S

1 48 28 200 22 100

X18/30%/ 50ml, Na ,Cr 0, 8g, FeSO4 2¢, borex 3g, H,0 add to 100ml.

Used the draw-off rate of Cr*6 to calculate, the toxicity of
slag lignin is lower 70 % than that of ordinary lignin.
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Table ©.
Raw materials color é‘shape formulations
| T %1{ T
mein agent| lignosultin 40x]| black sticky | 50mL 70m 1
curing /Nﬂé/zszo_, white solid [J0-1llg| 7g | Bg
agent
| ZnC1, white solid | - 2e | 2¢
' CuC12 green crystal| 0.4¢g O.4g] C.1g
promoter | p.ny brown solid |l-2¢ | - | -
NHdoﬁ/NHSES%/ colorless 1i 4ml { 4ml]| -
p~1 white solid q[ - - 4.5
Table 9.
The grouting effects at the foundation
of water dam in Jindui Cheng Molybcen hiine
f 1 § val £ . Vt L
. Hole |Sec—| ¥ value of pressuring water ave- bom-
Proce~ num- {tion 4}(ﬁ1n.ﬁ.m./ rege lpare
dure bers jnum- {0,0001 0.0001-0,001 | 0,001-0.01 / ,
PeYSIs N, £ S.N. £ |S.N. % [/mi
T
before F , after|
grou~ | 3 |7 |~ -1 3 42.8 |4  57.2 [0.0010)Y grou-
ting R ting
- - than
after befo;e
grou- | 3 5 |2 40] 3 60 |- -  jo.00024 §T-
|vane 76.2%
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List of Pigures:

Figure 1: Sketch scheme of device of congelation test in
quiet or moving water ‘
1/ consolidation crust
2/ stock grout tule
3/ upper water value
4/ sdzust piston of flow quantity
5/ grouting piston

.6/ grout

7/ hole plate
8/ sand net
9/ mand

Pigure 2: Influence of aluminium salt on strength and
setting time
1/ A 304/3

setting time —-
strength by maintain
in air

2/ uc13

strength by maintain in water

Figure 3: Device for measuering pourability of grout
.material
1/ air pipe
2/ funnel
3/ pressurs schedule
4/ grout pot /6.51/
5/ mixing equipment
6/ pipe for leakage grout
7/ three section pipe
8/ filtration plate
9/ leakage water value
10/ pree ure schedule
11/ hole plate

Figure 4: Actualitier figure of sdidifying sand grouted
curtain after every grouted holes being dug out
in the imitation pit

Pigure 5: The reactive hypothesis of chromium lignin-oxide-
tion-bridge linkage

Figure 6: Influences of quantity of PeCl, used and tempe-
rature on setting time, real 1fne - PeCl.%, dot-
ted time - 7C, I.I' - formulation D.II.IP’ —
forwulaticn E.

Pigure 7: Influence of changiag certain rew meterial in the
basic formulation on the compressive sirength.
Note: the dotted line shows volume ratio of slag
liquor to lignosultin.
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Figure 8:
Pigure 9:

Change of viscosity
True photograph of grouting with chrome slag

‘lignin in the power subetation chamber

Figure 10:

Mgure 11:

Pigure 12:
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True photograph of grouting equipments arran-
ging in the power substation chamber

Relation of density of lignosultion, /lll-l4/2$,‘,0.7
content and quantity used of 0u012
NH3.H 0 to setting time

True photograph of the grouting of peroxy /mono/
sulfate lignin grouted tent at the corridon of
the dam in Jinui Cheng Molybdemum Mine, Shanxi
Province.
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