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ABSTRACT 

This study investigates the effective concrete length and 
electric field strength during Accelerated Lithium Migration 
Technique (ALMT) application for the inhibition of the al-
kali-silica reaction (ASR).  Concrete specimens measuring 10 
cm in diameter and 5, 7, 9, 11, 14, 17, 20 and 23 cm in length 
are fabricated.  Specimens with 5, 7, and 9 cm in length are 
applied 9 A/m2 constant current density, and the rest speci-
mens are applied 60 V constant voltage.  After the ALMT 
process, the specimen is cut every 0.5 cm and analyzed its 
cation content.  Experimental results shows that if the aim of 
ASR inhibition is to reduce the cement alkali content to below 
0.6 % and to restrict the upper limit of the applied voltage to 
60 V, the lowest effective current density is approximately 
3.96 A/m2, with a treatment length of 15.75 cm, over about 70 
days. 

I. INTRODUCTION 

The concept of sending Li+ into concrete to inhibit ASR 
using electrochemical technology was first proposed by Page 
[8] in 1992.  In 1996, Stokes [9] attempted to add lithium 
compounds into an electrolyte, thus providing proof that an 
electric field could be used to send Li+ into concrete.  In 2000, 
Whitmore and Abbott [12] applied this technique to structures 
in the field.  In May of 2006, two columns in Houston, Texas 
were chosen for the study of the electrochemical treatment of 

the alkali-silica reaction (ASR).  By using the reinforced steel 
as the cathode, it was found that a sufficient quantity of Li+ 
could be delivered up to 50 mm in the reinforced steel, which 
was more effective than other methods, such as soaking, 
spraying or vacuum.  However, the area surrounding the re-
inforced steel still had the potential ASR problems of Na+ and 
K+ concentrations and an increase in OH– concentration [3, 7]. 

The Accelerated Lithium Migration Technique (ACMT) 
utilizes electrical property to prevent ASR in concrete was 
conceptualized by Professor Lee in 1998, whereby anions 
migrate toward the anode and cations migrate toward the 
cathode, to remove the Na+ and K+ ions from inside the con-
crete and migrate Li+ into the concrete, simultaneously.  Na+ 
and K+ can cause ASR and Li+ can prevent ASR in concrete.  
After experimentation, it was shown that this method effec-
tively inhibited ASR [2, 6]. 

This study was to investigate the effects of specimen length 
on ASR-related cation migration during the use of ALMT.  
This study took the ACI mixed design, using the ASTM 
C1293 aggregate gradation as the basis, to analyze the effec-
tive length and lowest electric field strength required to inhibit 
ASR using ALMT, thus providing practical operational and 
design references for ALMT. 

II. EXPERIMENT 

1. Materials Used and Specimen Fabrication 

ASTM Type I Portland cement was used, with Na2Oeq as 
0.50% (Na2O and K2O were 0.11% and 0.59%, respectively).  
Meta sandstone from Eastern Taiwan was used for the ag-
gregate.  The 14-day expansion was 0.033% for the ASTM 
C1260 test, and the 3-month expansion was 0.068% for the 
ASTM C227 test.  The above results and the ASTM C289 test 
result determined that this aggregate had potential ASR reac-
tivity. 

The concrete cylinder specimens (ψ 10 × 25 cm) were fab- 
ricated according to the ACI mixed design, and cement, coarse 
aggregate and fine aggregate were used as 460, 838 and 769 
kg/m3, respectively.  The water/cement ratio was 0.5, with the 
same coarse and fine aggregate gradations as for the ASTM  
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Fig. 1. ALMT schematic diagram (using applied constant current den-
sity as example). 

 
 

C1293 specification.  NaOH was used to adjust the alkali con- 
tent to 2.0% Na2Oeq.  The specimens were cured in a 23°C, 
100% R.H. environment for 3 months. 

2. ALMT Test Module and Experimental Procedure 

Fig. 1 shows the ALMT schematic diagram for applying a 
constant current density [2, 6].  Only the necessary exhaust 
openings were kept during the electrolysis process to prevent 
air dissolving into the electrolyte and increasing the resistance 
[13].  A data logger was used to record changes in voltage or 
current, an ion chromatograph (IC) was used to analyze the 
cation concentration inside the cathode electrolyte, periodi-
cally, while the temperature changes within the cathodic cell 
were measured manually. 

Specimens with a length of 5, 7, 9, 11, 14, 17, 20 and 23 cm 
were cut from the center region of the cured concrete.  After 
vacuum saturation treatment, based on the ASTM C1202 
preprocessing procedure, the ALMT experiment was under-
way.  The applied voltage for the practical application of 
electrochemical chloride extraction (ECE) normally does not 
exceed 40 V and 8 weeks [7].  In order to observe the migra-
tion behavior of ions during the electrolysis process, a single 
electric supply source with 60 V as the upper limit was used as 
the boundary electric field.  For specimens with 5-9 cm, a 
constant current density of 9 A/m2 was applied.  For the rest of 
the longer specimens, before the applied current density 
reached 9 A/m2, the voltage had already exceeded 60 V, 
therefore, undergoing the 60 V constant voltage experiment.  
The experimental numbers were L5C, L7C, L9C, L11V, L14V, 
L17V, L20V and L23V, respectively.  Experiments L5C-L11V 
went through electrolysis for 2 months.  For the rest of the 
experiments, since the currents were smaller, the electrolysis 
lasted 4 months, with each experimental value representing the 
average of two experimental results.  After electrolysis was 
completed, the specimens underwent dry cutting every 5 mm 
from the anodic cell to the cathodic cell.  The soluble ions 
were stripped according to the AASHTO T260 experimental 
process, and the free-state cations within the specimen were 
analyzed using an IC. 
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Fig. 2.  System resistance during the duration of electrolysis. 

 

III.   RESULTS AND DISCUSSION 

1. Temperature and System Resistance 

The average temperature of the experiment was 0.8-2.4°C 
above room temperature, indicating that when the electric field 
strength was maintained at under 60 V, the specimen tem-
perature did not rise excessively.  Therefore, the increased 
temperature did not significantly affect ion migration.  With 
the applied voltage/current defined as system resistance, as 
shown in Fig. 2, it was found that the system resistance for 
specimens with a length of 5-14 cm remained relatively stable 
during electrolysis, while the system resistance for specimens 
measuring 17-23 cm in length was 45-284% greater towards 
the end of the ALMT process as compared to their initial 
value. 

Assuming that concrete is a homogeneous material with its 
resistance obeying Ohm’s Law, then, in theory, its resistance 
should be proportional to the length of the fixed cross- 
sectional specimen.  By dividing the specimen lengths from 
Experiments L5C, L7C, L9C, L11V, L14V, L17V, L20V and 
L23V by the specimen length from Experiment L5C, the ob-
tained normalized theoretical resistance values were 1.0, 1.4, 
1.8, 2.2, 2.8, 3.4, 4.0 and 4.6, respectively, as shown in Fig. 3. 

As shown in Fig. 3, it was found that when the specimen 
length increased, the experimental normalized initial and av-
erage system resistances were larger than the theoretical val-
ues.  The trend line equation gives Ri/Ri,0 = 0.1175 L1.3433 and 
Ra/Ra,0 = 0.0546 L1.7363, respectively, indicating that with the 
increase in specimen length, the range by which the experi-
mental value was larger than the theoretical value also in-
creased.  The reason for this might have been due to the fact 
that the increase in specimen length greatly decreased the 
connectivity of pore percolation.  Using 23 cm as an example, 
the experimental normalized initial and average system resis-
tance values were about 7.9 and 12.6, which were 1.7 and 2.7 
times the theoretical normalized values. 

2. Changes in Cation Concentration Inside the Catholyte 

In order to compare the changes in cation concentration  
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Table 1.  Results from Na+ and K+ concentration-accumulated charge curves in the catholyte. 

Migrated ions per unit charge 
(×10-6 mole/C) 

Removal completion time (h)
Removed ions 
(×10-3 mole) 

Removal 
percentage No. 

CNa CK tNa tK Na+ K+ Na+ K+ 

Alkali removal 
percentage 

L5C 1.221 0.320 284.2 208.7 85.6 15.9 95.6 72.3 91.0 

L7C 1.221 0.314 403.3 302.3 121.1 25.1 92.2 79.0 89.6 

L9C 1.198 0.307 483.5 340.3 144.8 27.8 87.0 86.6 87.0 

L11V 1.168 0.297 773.6 581.1 179.6 38.3 87.0 78.5 85.0 

L14V 1.123 0.269 1366.6 1460.7 218.4 53.7 83.2 84.5 83.4 

L17V 1.087 0.259 1613.3 1775.3 155.2 41.5 48.7 53.7 49.6 

L20V 1.081 0.247 1646.1 1481.4 135.1 28.1 36.0 30.9 35.0 

L23V 1.075 0.245 1489.5 1794.4 94.7 25.7 22.0 24.6 22.5 
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Fig. 3. Relationship between normalized system resistance and specimen 

length. 
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Fig. 4. Typical curve between cation concentration inside the catholyte 

and the accumulated charge (using L9C as an example). 
 
 

within the catholyte under the constant current density and the 
constant voltage model, as shown in Fig. 4 (using Experiment 
L9C as an example), the typical relationship between the ca-
tholytel cation concentration and the accumulated electric 
charge was constructed.  It was found that with the increase in  
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Fig. 5. Relationship between Na+ and K+ removal amount per unit 

charge during steady migration (rmNa and rmK) and specimen 
length. 

 
 
accumulated electric charge, Na+ and K+ migration could be 
separated into two stages: steady migration and migration 
completion, and that the accumulated electric charge for mi-
gration completion for K+ was less than that for Na+, as shown 
in points A and B, respectively.  The Li+ migration period 
could be separated into the three stages: non-steady state, tran- 
sitional state, and steady state. 

3. Migration Behavior of Na+ and K+ 

The results are listed in Table 1.  Fig. 5 shows that, during 
the steady migration stage, there was a good linear relationship 
between the Na+ and K+ removal amount per unit charge (rmNa 
and rmK) and the specimen length (L).  The Na+ and K+ re-
moval amount per unit charge decreased with increases in 
specimen length, with the linear regression equation giving 
rmNa = -0.0096 L + 1.2733 and rmK = -0.0047 L + 0.3447.  
From the slope of the equation, it was found that for each 1 cm 
increase in electrode distance, the Na+ and K+ removal amount 
per unit charge decreased by 9.6 × 10-9 and 4.7 × 10-9 mole, re- 
spectively. 

Fig. 6 shows the relationship between the Na+ and K+ re-
moval amount per unit charge (rmNa and rmK) and average  
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Fig. 6. Relationship between Na+ and K+ removal amount per unit 

charge during steady migration (rmNa and rmK) and average ap-
plied current (I ). 

 
 

current (I ), showing that there was a good linear relationship 
between the two.  The linear regression equation gives rmNa = 
2.685 I + 1.0233 and rmK = 1.311 I + 0.2221.  From the slope 
of the equation, it was found that for each 1 A increase in 
average current during the alkaline removal stage, the Na+ and 
K+ removal amount per unit charge increased by 2.685 × 10-6 
and 1.311 × 10-6 mole, respectively. 

As discussed above, it could be seen that with an increase in 
the specimen length, the concrete resistance was larger than 
the values calculated using Ohm’s law; whereas reducing the 
applied current during constant voltage reduced the Na+ and 
K+ removal amount per unit charge.  Furthermore, the applied 
current decreased with increases in specimen length, and the 
removable alkali content percentage of the specimen was also 
reduced.  As shown in Fig. 7, it was found that there was a 
sharp decrease in removable alkali content percentage after the 
specimen length exceeded 14 cm.  Since the designed cement 
alkali content was 2.0% Na2Oeq, if the goal of ASR inhibition 
was to reduce the cement alkali content to below 0.6%, then 
70% of the alkali content should be removed.  From the ex-
perimental result trendline for 17-23 cm in the figure, the 
lowest effective applied current density of 3.96 A/m2 was 
arrived at by calculating the required applied current as 0.0311 
A, divided by the specimen cross-sectional area.  The effective 
treatment length was arrived at by finding the corresponding 
specimen length for 0.0311 A from the specimen length- 
applied current curve of the constant voltage experiment, 
which was around 15.75 cm, as shown in Fig. 7.  As shown in 
Fig. 6, the Na+ and K+ removal amount per unit charge, when 
0.0311 A was applied, were calculated to be 1.10 × 10-6 and 
2.63 × 10-7 mole/C, respectively; while for the specimen with a 
length of 15.75 cm, the Na+ and K+ contents were 295.50 and 
71.55 × 10-3 mole, respectively, with the removal of 70% 
requiring about 70.0 and 70.9 days.  Furthermore, with an 
applied current of over 0.04 A, which was 5.10 A/m2, over 
83% of the alkali content was removed.  Even when the cur-
rent density was increased further, there was only a limited 
increase in the removal of the alkali content. 
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Fig. 7. Relationship among alkaline removal percentage during steady 

migration, the specimen length and average applied current. 

 

 

4. Migration Behavior of Li+ 

1) Non-Steady State 

During the ALMT experiment process, the non-steady-state 
migration coefficient Dn (m

2/s) of Li+ was obtained through 
the modified Fick’s Second Law [10, 14]: 

 
2

2n

z FEdC d C dC
D

dt RT dxdx

 
= −  

 
 (1) 

where C is the ion concentration (mole/L), which is a function 
of time, t (sec), and distance, x (m); z is the electrical charge of 
Li+; F is the Faraday constant (96500 C/mole); E is the 
strength of the electric field (V/m); R is the universal gas 
constant (8.3 J/mole/ K); and T is the absolute temperature (K).  
Initial condition: for x > 0 and t = 0, C = 0; boundary condition: 
for x = 0 and t > 0, C = C0; for x = ∞ and t = large, C = 0.  The 
analytical solution of Eq. (1) is: 

 0( , ) ( ) ( )
2 2 2

ax n n

n n

C x aD t x aD t
C x t e erfc erfc

D t D t

 + −= + 
  

 (2)  

where 
z FE

a
RT

= , C0 is the Li+ concentration inside the anodic 

cell (mole/L), and erfc is the complementary error function. 
From Eq. (2), Dn can be calculated to be [10]:  

 
1

n

x x
D

a t

α −=  
  

 (3) 

where 1

0

1 2
2 (1 )

C
erf

a C
α −= − , and erf-1 is the inverse of the 

error function. 
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Table 2.  Li+ non-steady-state and steady-state migration coefficients. 

Non-steady state Steady state 
No. Average current 

(A) 
Q0.1 
(C) 

t0.1 
(h) 

Dn  

(×10-12 m2/s) 
Average current 

(A) 
Li+ removal per unit charge k  

(×10-7 mole/C) 
Ds 

(×10-13 m2/s) 

L5C 0.070 44366  184 4.03 0.068 3.195 1.638 

L7C 0.069 57409  217 2.17 0.069 3.331 1.081 

L9C 0.068 77791  329 1.19 0.070 3.160 0.764 

L11V 0.058 102443  516 0.53 0.059 2.980 0.543 

L14V 0.040 140611  1028 0.26 0.040 0.990 0.106 

L17V 0.023 176067  1956 0.14 0.023 0.970 0.046 

L20V 0.018 208885  2720 0.10 0.018 0.070 0.003 

L23V － － － － － － － 
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Since the experimental process did not continuously meas-

ure the ion concentration inside the electrolyte, it was not easy 
to obtain the accurate time Li+ took to pass through the 
specimen.  Therefore, as shown in Fig. 8(a), the Li+ con- 
centration-accumulated charge regression curve for the tran-
sitional period was first calculated as in Eq. (4), then the  
corresponding accumulated charge (Q0.1) was calculated for 
C/C0 = 0.1% (C/C0, cathodic cell Li+ concentration/anodic cell 
Li+ concentration); then it was divided by the average current 

to obtain t0.1 as the required time for Li+ to traverse the 
specimen: [11] 

 C = aQ b,       Transitional Peiord (4) 

where C is the Li+ concentration inside the cathodic cell 
(mole/L), Q is the accumulated charge (C), a and b are ex-
perimental constants. 

The experimental non-steady state average currents, Q0.1, 
t0.1 and Dn, are listed in Table 2.  Since Li+ was still not able to 
pass through the specimen after 4 months of electrolysis for 
Experiment L23V, these experimental values were unavailable.  
For experiments L11V-L20V, with a constant applied voltage 
of 60 V, the non-steady state average current decreased with 
increases in specimen length.  For all experiments, the cumu-
lative applied charge (Q0.1) required to reach C/C0 = 0.1% 
increased with the increase of specimen length (L).  Fig. 9 
shows that the rate of increase in the time it took for Li+ to pass 
through the specimen t0.1 increased with the increase in 
specimen length, but the rate of decrease of the non-steady 
state migration coefficient Dn decreased with the increase  
in specimen length.  The first derivatives of the regression  

equation, 0.19470.1 12.08 1Ldt
e

dL
= >  and 3.83

1338
1,ndD

dL L
= − <  both 

proved that the increase in specimen length was not advanta-
geous to the migration of Li+. 

2) Steady State 

The ions migrating inside the electrolyte are under the in-
fluence of the electric field, and the general conversion of 
mass equation is the Nernst-Planck Equation [5]: 

 ( ) j j x
j j j

C Z F E
J x D D C CV

dx RT dx

∂ ∂= + +  (5) 

where J(x) is the one-dimensional flow rate of ions (mole/m2/s), 
Dj is the diffusion coefficient of ion j (m2/s), ∂Cj is the con-
centration variable of ion j (mole/m3), ∂x is the displacement  
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variable (m), Zj is the electric charge of ion j, Cj is the total 
concentration of ion j (mole/m3), ∂ Ex is the potential variable 
(V), and V is the velocity of the solution (m/s). 

The study of Kropp et al. [5] found that the diffusion gen-
erated by the concentration gradient was far smaller than the 
influence of the electric field and, therefore, could be ignored.  
If there was no convection during the experiment while cal-
culating the ion flow during steady state, the equation could be 
simplified to: 

 ( ) j x
j

Z F E
J x D C

RT x

∂=
∂

 (6) 

By transposing Eq. (6), Eq. (7) is obtained: 

 s
s

up

J RT
D

zFC E
=  (7) 

where Ds is the steady state migration coefficient of ions (m2/s), 
Js is the steady state flux of ions (mole/m2/s), x is the distance 
between electrodes (m), z is the electric charge of ions, Cup is 
the upstream ion concentration (mole/m3), and E is the 
strength of the electric field (V/m).  Andrade pointed out that 
the steady state migration coefficient (Ds) of ions under the 
influence of a one-dimensional electric field inside concrete 
materials could be obtained by substituting the experimental 
result of the steady state flux (Js) into Eq. (7) [1, 5]. 

From Fig. 8(b), the linear regression equation for the con-
centration-accumulated charge curve is: 

 C = kQ + c,        Steady state period (8) 

where k (mole/L/h) is the Li+ removal rate per unit time, which 
is the slope of the regression equation; and c is the intercept of 
the regression equation on the charge axis.  The experimental 
Js can be obtained by k multiplied by the average current and 
the volume of the cathodic cell, and divided by the specimen 
cross-section area. 

The experimental steady state average currents, k and Ds are  
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Fig. 10.  Relationship between experimental Ds and specimen length (L). 
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Fig. 11.  Free-state Li+ content inside specimen after electrolysis. 

 
 

shown in Table 2.  For the constant current density experi-
ments L5C-L9C, there were no significant differences for the 
steady state average current and k; correspondingly, for the 
constant voltage experiments L11V–L20V, both the average 
current and k for the steady state decreased with the increase in 
specimen length.  Fig. 10 shows that the steady state migration 
coefficient Ds had a decreased reduction rate with the increase 
in specimen length.  This result was similar to the relationship 
between Dn and the specimen length. 

5. Free-State Cations inside Specimen after ALMT Process 

Fig. 11 shows the free-state Li+ content in the specimen 
after electrolysis.  It was found that the content was highest 
around the anodic cell, decreasing towards the cathodic cell.  
When the specimen length was 5, 7, 9, 11 and 14 cm, the 
average free-state Li+ content 0.5 cm from the cathodic cell 
was 3.41, 0.88, 0.78, 0.30 and 0.12 kg/m3, respectively.  When 
the specimen length increased to 17 and 20 cm, the average 
free-state Li+ content 0.5 cm from the cathodic cell was al-
ready very low, at only 0.001 and 0.0001 kg/m3.  When the 
specimen length was increased to 23 cm, even with 4 months 
of electrolysis, only 0.0001 kg/m3 of free-state Li+ could be 
detected 5.5 cm from the cathodic cell. 

Fig. 12 shows the free-state Na+ content in the specimen 
after electrolysis.  When the specimen was 5-14 cm long, the  
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Fig. 12.  Free-state Na+ content inside specimen after electrolysis. 
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Fig. 13.  Free-state K+ content inside specimen after electrolysis. 

 
 

average free-state Na+ content in all regions within the 
specimen was lower than 0.5 kg/m3, less than 1/10 of the 
designed total amount of 5.48 kg/m3.  When the specimen 
length was increased to 20 and 23 cm, the average free-state 
Na+ in all regions could no longer be reduced to below 1.0 
kg/m3.  The Na+ migrating towards the cathodic cell collected 
in regions close to the cathodic cell in large amounts, with its 
free-state content even larger than the designed total amount of 
Na+.  In this way, it worsened the potential ASR problem for 
the concrete near the cathodic cell. 

Fig. 13 shows that the free-state K+ content in the specimen 
after electrolysis increased with the specimen length. The 
free-state K+ content inside the specimen was lower than the 
designed total amount of 2.26 kg/m3, but its distribution trend 
was similar to the free-state Na+ content, increasing from the 
anodic cell towards the cathodic cell. 

A study by Hobbs [4] found that when using opal for the 
manufacturing of cement, when the total alkali content was 
under 2.0 kg/m3, there was no sign of expansion.  The distri-
bution of free-state Na2Oeq after electrolysis is shown in Fig. 
14.  By using the study of Hobbs as a reference for inhibit- 
ing ASR, it was found that for specimens 5-14 cm long, the 
average free-state alkali content of all interior regions was  
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Fig. 14.  Free-state Na2Oeq content inside specimen after electrolysis. 
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Fig. 15. Free-state Li/(Na+K) molar ratio inside specimen after elec-

trolysis. 

 
 

already lower than 2.0 kg/m3, thus reaching the goal of inhib-
iting ASR.  When the specimen length was 17 cm, the alkali 
content between 8.5 cm from the anode and the cathode al-
ready surpassed 2.0 kg/m3, showing that there was a potential 
ASR problem.  When the length of the specimen increased to 
20 cm and above, it was almost impossible to lower the free- 
state alkali content within the specimen to below 2.0 kg/m3, 
while the free-state alkali content near the cathode of the ce-
ment even exceeded the designed total of 9.2 kg/m3. 

For fresh concrete, when the addition of lithium compound 
was used to inhibit ASR, the lowest effective Li/Na molar ratio 
recommendation was 0.74 [7].  Fig. 15 shows the free-state 
Li/(Na+K) molar ratio distribution inside the specimen after 
electrolysis; it was found that the value was higher close to the 
anodic cell and decreased toward the cathodic cell.  When the 
specimen length was 5-11 cm, values within all regions were 
over 0.74.  When the specimen length was 14 cm, only the 
values at 0.5 cm from the cathodic cell were lower than 0.74; 
but, as shown in Fig. 14, the free-state alkali content at that 
area was only 0.82 Na2Oeq.  From the point of view of reducing 
the alkali content, this had already satisfied the objective of 
ASR inhibition.  When the specimen length increased to 17, 20 
and 23 cm for the regions 8.5, 12.5 and 7.5 cm from the anodic 
cell to the cathodic cell, the free-state Li/(Na+K) molar ratio 
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did not reach 0.74.  At the same time, Fig. 14 shows that the 
Na2Oeq also exceeded 2.0 kg/m3, and so did not effectively 
inhibit ASR.  Therefore, the results of this analysis corre-
sponded with the aforementioned calculated effective length 
of 15.75 cm using ALMT. 

IV. CONCLUSIONS 

This study used the ASTM C1293 aggregate gradation, 
according to the ACI mix design, to fabricate concrete speci- 
mens.  The following conclusions were reached: 

 
1. With an increase in specimen length, the experimental 

value of system resistance was higher than the theoretical 
value arrived at through the use of Ohm’s law, and the dif-
ference increased with the increase in specimen length. 

2. There was a good linear relationship between the Na+ and 
K+ removal amount per unit charge and the specimen length, 
and the removal amount decreased with the increase in 
specimen length. 

3. The rate of increase of the time Li+ required to pass through 
the specimen increased with the increase in specimen 
length, but the rate of decrease of the non-steady and steady 
state migration coefficients decreased with the increase of 
specimen length. 

4. Taking the goal of ASR inhibition of reducing the cement 
alkali content to below 0.6%, the lowest effective applied 
current density was 3.96 A/m2, and the effective treat- 
ment length was about 15.75 cm, taking about 70 days. 

5. After the completion of the ALMT experiment, for speci-
mens measuring 5-14 cm in length, the internal free-state 
alkali content were all below 2.0 kg/m3 already, with the 
Li/(Na+K) molar ratio reaching over 0.74.  For a specimen 
length of 17 cm, the alkali content already exceeded 2.0 
kg/m3 8.5 cm from the anode, with the Li/(Na+K) molar 
ratio not yet reaching 0.74.  For specimens with lengths 
over and including 20 cm, the internal free-state alkali 
content exceeded 2.0 kg/m3, with the free-state alkali con-
tent near the cathode even exceeding the original designed 
total amount, with the Li/(Na+K) molar ratio not yet 
reaching 0.74. 
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