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Abstract: In the study, excess of lime-soda ash (L-S) was added to groundwater for chemical precipitation of hardness
ions. After formation of the coagulated flocs, sedimentation step was replaced with crossflow ultrafiltration (UF) process
using tubular ceramic membrane. As results, our treated water was below total hardness (TH) 10 mg/L as CaCOs; from
groundwater using washing water in a soymilk factory. Then, we investigated the change of permeat flux (J) and di-
mensionless permeate flux (J/Jp) during experiments for variations of TMP (Trans-membrane pressure) or flow rate, to see
effect of TMP or flow rate on membrane fouling by the coagulated inorganic flocs. In the result, membrane fouling and
rejection rate of total hardness were not affected by TMP and flow rate variations in the range of our experiments.
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Fig. 1. Ultrafiltration system for removal of hardness ions.
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Table 1. Groundwater Quality Used in this Study

Items Water quality
pH 6.36
Alkalinity* (mg/L) 233
Total hardness* (mg/L) 273
Calcium hardness* (mg/L) 20.3
Magnesium hardness* (mg/L) 7.0
TDS (mg/L) 55.7
Conductivity (us/cm) 104.7

* 1 as CaCO;
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Fig. 2. Size distribution of groundwater adding lime-soda
ash.

Table 2. Quality of Treated Water and Average Rejection
Rates

Water quality Average
(mg/L as  rejection
CaCOs) rate (%)

Total hardness 27.3 -

Treatment method Ttems

Untreated

groundwater Ca-hardness 203 )
After adding Total hardness 124 54.6
lime-soda ash Ca-hardness 10.7 47.3
UF process without Total hardness 22.8 16.5
lime-soda ash Ca-hardness 17.8 219
UF process with Total hardness 9.7 64.7
lime-soda ash Ca-hardness 6.4 68.6
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Fig. 3. Effect of flow rate and TMP on resistance of

membrane fouling in ultrafiltration process with adding
lime-soda ash.
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Fig. 4. Effect of flow rate and TMP on dimensionless

permeate flux in ultrafiltration process with adding lime-
soda ash.
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Fig. 5. Effect of flow rate and TMP on permeate flux in
ultrafiltration process with adding lime-soda ash.
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Table 3. Treated Water Quality and Average Rejection
Rates for Variations of TMP and Flow Rate

Total hardness

Calcium hardness

Experimental  Treated L Treated L
conditions  water (mg/L Regec(t;)? water (mg/L Ir{:{]:c(t(l’z;
as CaCOxs) as CaCOxs)
0.6 9.2 66.5 63 67.8
™p 10 9.4 65.4 6.6 68.0
(bar) 14 9.6 64.8 6.3 69.2
1.8 10.5 61.5 6.5 69.7
0.5 10.0 63.4 6.5 68.0
Flow 19 10.5 61.5 6.5 68.0
rate
(Umin) 15 8.7 68.1 6.3 69.0
2.0 9.4 65.6 6.2 69.5
7 W A FHAE0) £ T3 FAdE
(J/J yE RAFSIY, TMP 2 % ®3l7t &3 8 9
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