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ABSTRACT
Large domestic industrial paper mills wastewater after secondary biological treatments generally attain discharging regulations.
However, due to the high residual electrical conductivity (> 2000 u s/cm) and the amber coloration, the effluents are suspected to
upset the stability of paper machine wet-end chemistry and are inductive to bacterial slime formation if reused, thus leading to
unnecessarily high discharging amounts. If water right and effluent discharging fees are imposed by the Environmental Protection
Administration, the large amounts of discharging effluent will cause jump in the operational costs. A pilot pulsed electrocoagulation
(EC) unit capable of treating 0.5 to 1.0 m3/h wastewater and having hydraulic retention time (HRT) of 0.2 to 0.25 h comprised of a
homogenizing tank, a reaction tank, an aeration tank, a flocculation tank, and a sedimentation tank was use for treatment the
wastewaters. The experimental mills selected include a speciality paper mill at Puli (A), with capacity of 5 t/d and effluent
discharging amount of 1300 m3/d; a paper core mill at Kuangyin (B) with capacity of 150 t/d and effluent discharging amount of
1800 to 2000 m3/d; and a integrated pulp and paper mill at Hsinyin (C) with capacities for pulp, paper and chemicals at 400, 235,
and 110 tons/d, respectively, and an effluent discharging amount of 25000 m3/d. A lab EC unit with a total volume of 3700 mL
using either aluminum or iron as electrodes and electrode spacing of 5 mm, comprised of a homogenizing tank, reaction vessel, and
sedimentation tank was also constructed and tested. The effluent treated came from mill D at Houli, which produces mainly core
tubes, coated whiteboard, corrugating medium, liners, printing and writing paper and art paper with capacities of 110, 115, 650,
540, 300 and 220 t/d and an effluent discharging amount of 20000 m3/d. The study was conducted in 2 parts, the first used the
pilot reactor fitted with either iron or aluminum electrodes to treat mill effluents, and in the second, the lab EC unit was used. In the
second part, the work entails first design and construct the unit, then use the unit to treat mill D effluent for treatment efficacies.
Then ion chromatography (IC), and inductively coupled plasma atomic emission spectroscopy (ICP) was used to analyze the ionic
species in the effluent before and after treatment and understand the fundamental properties of the effluent. Finally, the operational
parameters of the lab EC unit was compared for the treatment efficacies and establishment of reaction mechanism. The results
indicate that the pilot pulsed EC system compared with the traditional effluent treatments could effectively enhance removal of
electrical conductivity, SS, COD, and true color. The case of mill A white water during its production of a black-colored specialty
paper resulted in electrical conductivity, SS, COD and true color removal of 21.4%, 97.1%, 58.8% and 58.9%, respectively when
aluminum electrodes were used. As its white specialty paper production, the aluminum electrode enabled 4.3%, 98.6%, 50.0% and
0% of the above variables. For the mill B effluent, the aluminum electrodes allowed removal of 1.5%, 98.4%, 25.4% and 48.9% of
the electrical conductivity, SS, COD and hardness, respectively. The iron electrode, on the other hand, enabled removal of 19.6%,
93.8%, 30.9%, and 47.9% of the same variables, respectively of the same mill effluent.. As for the mill C, the aluminum electrode
removed 63.5%, 92.9%, 75.7% and 86.4% of the electrical conductivity, SS, COD and true color for its EO stage wastewater. The
corresponding values for iron electrode were 70.1%, 96.4%, 81.1% and 86.6% for the variables, respectively. In order to reduce
potential treatment cost, in all cases, no supplemental coagulant polymer was added. Hence, if equipment depreciation rate and
personnel costs were discounted, then when the aluminum electrode was used, it required NT$ 2,47/t to treat the mill A’ s
wastewater. The same for mill B would require NT$ 11.6/t for the case of iron electrode and NT$ 12.4/t for the aluminum
electrodes. For the mill C, the same costs were NT$ 0.72 and 1.64, respectively for the iron and aluminum electrodes. Lab
experiments indicated that the lab reactor could effectively increase the removal rates of electrical conductivity, SS, COD, true color,
cations and anions. The results for the mill D under the best treatment conditions achieved removal of the first 4 variables at 21.6%,
91.4%, 48.2%, 53.7% efficacies, respectively. Then 49.4% of the effluent hardness, 12.9% of chloride, 15.5% of sulfate, 9.9% of
potassium, 6.9% of sodium, 50.0% of aluminum and 0% of ferric/ferrous ions were removed. The possible reaction mechanism of
the treatment entails: 1. Establishment of an electrical field In the lab reactor, the electrical current generated a field among the
alternating anodes and cathodes. Which induced charges in the impurity particles in the effluent. Meanwhile, the electrode plates
released ferrous/ferric ions. 2. Charge coupling of impurity particles and aggregation Establishment of an electrical field enabled the
impurity particles to bear induced charges which attracted oppositely charge ions in the water. The charge coupled particles
adsorbed or attached to the floc forming ferrous/ferric ions then allowed removal of the pollutants. 3. Formation of flocs The
polarized impurity paticles collided repeatedly in the aeration tank with the activated ions of ferric and aluminum ions to allow
flocculation and formed flocs.



Keywords : pulsed electrocoagulation method, electrocoagulation, electrooxidatin, paper mill effluents, lab-scale unit, evaluation of
efficiency.

Table of Contents
0000 OO0 OO e T WVOOODO e vii [
[ TP PP TR UPPPRPIT XOO e XIEO OO i, xvilQd
O e XXOOO OO0 i 1210000 e 112000
O e 2130000 e, A000 0000000 . 62100000000
O e 622000000000000 wivene. T22LA0 e, 72228B
O e 10223 CH i, 132.2.4 D0 v 152300000 (CVvO cyclic
voltammetry)........ 172400000000 . 1924100000000000 . 2024110000
O 2024120000000 iiiieiieeenn. 212413000000000000040..... 212500
OO0000 e 2225100000 e, 2225200000 e, 232530000
O e 2425400000 e, 252550000000 e, 25260000
O e 3026100000000 . 302620000000000 .. 31000 000
O e 3B310000000 e, 3332000000 e, 443210000000
O e, 44322000000 e, 4533000000000 e, 47000000000
O e, 494100000000000000 ... 49411000000 e, 494120000
O e 50420000 i 51421000000000 .. 54421100000
[ 544212000000000 ... 554220000 oo 56422100000
[ TS 564222000000000 ... 62430000 i 67431000000
[ TS 674311000000 e, 674312000000000 i, 70432000
L e 724330000 i 7243 A0 000 i 74000 000000
O e 7551000000 e 75511 00000000000 ... 755.1200000
O e 76520 000000000000O000............ 78521 000000000 iieiieieieenns 7953000
000000000 ... 8053.1A0 0O 0O i 8053110000000 wiiieieviererenne, 815.3.1.2
OSSO0 e 835.3.1.30CODO OO civvvvvererieveeienes 8653.1400000000 . 89 5.3.2 B0
OO000 e, 9453210000000 i, 945.3.220SSO0 0 covvvevevceceeieein 96 5.3.2.3 0 COD
I 985324000000 ciiiiiieieiieinennas 100533 COO OO0 iiiivieierreeereennns 1045.33.10000
O 1045.3.3.20SSO 0 0 cvvveeeeceveiene 1085.3.3.3 0 CODO O O .vevveveeereciecieene 11253340000
0000 i 11654 0000000000000 . 122541 A0 i, 1235.4.2B
O e 125543 CO oovevveeeevccieeeeeve 128550 0000000000 .. 1355510000
00000000 ... 1355520 00000000000 ... 136560 000000000000O0O0
O, 138561 DO 0000000 i, 138570000 e, 1395.71DO0O0O0O0O0O
O e, 1395710000000 i, 1395.7.1.20SSO 0 0O v 1405.7.1.3 0 CODO O
O e 141571400000000 .. 14257150000000 . 1435800000
I R 14658100000 e, 146582000000 e, 1575.82100000
[ I 157 5.8.1.2 0SSO O O e 1605.8.1.3 0 CODO O O wevieeeveeevireeeeiieeens 16258.1400000
OO0 s 164581500 00000 e, 1665816 OCIOO OO wicciiiieieeereee, 168 5.8.1.7 [J SO42-
OO0 e, 17058.18 OK+O OO wirevcvveeiiieeeiveeeee 17258. 190 Na+0 0 O ovvevvvciieeeee e, 174 5.8.1.10 O Al3+
OO0 e, 176 5.8.1.11 O Fe2+/Fe3+0 0 O ..covevvvenveees 17859 000 0 oo 182000 000
I 197 6.1 0 0 coovveeeeeeee e 197 6.2 0 0 oovveeeeeeee e 199000
O e 200 O O v 205

REFERENCES

000 (020 0-000000000000000000000000000000000000000000000A0 (2003)0 O
gooOoOoOoOOOOOOCOOOO 0000000000 0O0O0O00 (20030 DO0O0OO0OOOOOOOOOO (2002000000
OO00OO0OO0OOOOOOOOOOOOOOOOOOOs3@B)88-900 OO (000000000 OO0ODOOODOOOOOOOOOO
O00oboo0ooooooooobz2e20000000000DO0O0ODOOOOODOOO0D OO0DbO203O0OODOOOODDOO
oooboooooooooobooobbo0oobooOo0oDbOO0 oDgbobe0OODoDOOODOOOOODOOOODOOOD
gbobooooobooboboboboo oboobooboobgoboyrbooooooooboobobobooooooobooono



O00O0OO0O0O0OO0OOOOOOOOO0OOOOOO0O0OO0Y/IOIODODODNDODODODODOD0DOOO0DO0D0O0OOOOOOOOOO
O00O0O0OO0O0OO00OO0OOOOOOO0OOOOOOOO2e00000OOOOOOODOOOODOODOUODOODOODOODOODODO:1360
0000000000000 000000 0D0D0DU0D0D0D0O0D0OD0OD0O0O0O D20400000000O0O0O0O0ODOODOODODDODDOO
00000000000 0O0O0O0000O0O0O0O0O0O0O0O0O 000000001220 000000000000000013(6):5-25
000000000000000000 0200400000000000000000020050000000000000000O00O
O0000O00O0O0O0O0O0OO0OOOOO U000 D19 O0O0O0O0OO0ODO0ODOOOODODOOOOODOODOODOODODODOOODODO OO
0000000000000 0OD0O0O0O0OODOO 0200000 0000000000000000O0O0DOOOOOOOOOOOO
00000570000 00000000000 00002020 0000000000000000000000O00O0O0OOOOO
0000000000000 0O0O0O0O0O0O0O0O00O0O0ODO 000000000000 000 DO2M00000000000000
0000000000000 0D005(4):73-750 OO0 0000 000000000000 000D00DO0OOO0O0OOOOOODOO
OO00OO0O0OOOO0OO00O00O0OOOObz203000000-0000C0O00O0C0O0O0OOOCOOOOOOOOOODOOOA4M8):37-400
000 020020 00000000000000000000000O0000O0O0COCO O019970EPNOOOOOOOOOOOOO
00000 062:168-1830 Abuzaid NS, Alaadin AB, Zakariya MAH (2002). Ground water coagulation using soluble stainless steel electrodes.
Adv Env Res 6:325-333. Adhoum N, Monser L, Bellakhal N, Belgaied JE (2004). Treatment of electroplating wastewater containing Cu2+, Zn2+
and Zn(VI) by electrocoagulation. J Haz Mat B112:207-213. Bejankiwar RS (2002). Electrochemical treatment of cigarette industry
wastewater:feasibility study. Wat Res Technol 36:4386-4390. Brillas E and Casado J (2002). Aniline degradation by Electro-FentonR and
peroxi-coagulation processes using a flow reactor for wastewater treatment. Chemophere 47:241-248. Chen G (2004). Electrochemical technologies
in wastewater treatment. Sep Pur Technol 38:11-41. Costaz P, Miquel J, Reinbold M (1983). Simultaneous Electro-Flotation and Disinfection of
Sewage. Wat Res Technol 17(3):255-262. Chiang LC, Chang JE, Wen TC (1995). Indirect oxidation effect in electrochemical oxidation treatment
of landfill leachate. Wat Res Technol 29(2):671-678. Feng C, Sugiura N, Shimada S, Maekawa T (2003). Development of a high performance
electrochemical wastewater treatment system. J Haz Mat B103:65-78. Fockedey E and Van Lierde A (2002). Coupling of anodic and cathodic
reactions for phenol electro-oxidation using three-dimensional electrodes. Wat Res 36:4169-4175. Gao P, Chen X, Shen F, Chen G (2005).
Removal of chromium(V1) from wastewater by combined electrocoaguiation-electroflotation without a filter. Sep Pur Technol 43:117-123. Hu KH,
Hu PY, Hu PC (2001). Electrolytic Wastewater Treatment Method and Apparatus. US Patent 6,274,028 B1. Hu KH, Hu PY, Hu PC (2003).
Electrolytic Wastewater Treatment Apparatus. US Patent 6,554,977 B2. Holt P, Barton G, Mitchell C (1999). Electorcoagulation as a weasewater
treatment. The Third Annual Australian Environmental Engineering Research Event, 23-26 November Castlemaine, Victoria. Hansen HK,
Nunez P, Grandon R(2006). Electrocoagulation as a remediation tool for wastewaters containing arsenic. Minerals Engineering 19:521-524. Juttner
K, Galla U, Schmieder H (2000). Electrochemical approaches to environmental problems in the process industry. Elec Acta 45:2575-2594. Kraft
A, Stadelmann M, Blaschke M (2003). Anodic oxidation with doped diamond electrodes: a new advance oxidation process. J Haz Mat
B7103:247-261. Lai CL, Lin SH (2006). Sludge conditioning characteristics of copper chemical mechanical polishing wasterwater treated by
electrocoagulation. J Haz Mat B136:183-187. Monica MD, Agostiano A, Ceglie A (1980). An electrochemical sewage treatment process. J Appl
Elecrochem, 10:527-533. Mollah MYA, Morkovsky P, Gomesc JAG, Kesmez M, Parga J, Cocke DL (2004). Fundamentals, present and future
perspectives of electrocoagulation. J Haz Mat B114 199— 210. Oloman, CW (1992). Electrochemical synthesis and separation technology in the
pulp and paper industry. The Sixth International Forum on Electrolysis in the Chemical Industry, Fort Lauderdale, Florida. Pouet M-F and
Grasmick A (1995). Urban wastewater treatment by electrocoagulation and flotation. Wat Res Technol 31(3-4):275-283. Pouet M-F, Persin E,
Rumeau M (1992). Intensive treatment by electrocoagulation-flotation-tangential flow microfiltration in area of high seasonal population. Wat Sci
Technol, 25(12):247-253. Pokhrel D and Viraraghavan T (2004). The treatment of pulp and paper mill wastewater: a review. Sci Total Environ
333:37-58. Perng YS, Oloman CW, James BR (1993). The effect of metal complexes in the electrochemically mediated oxygen bleaching of wood
pulp. Tappi J, 76(10):139. Robinson V (1999). Electrofloatation in the treatment of polluted water. Australian Water Watewater Association, 22-24
November Wodonga, Victoria. Saracco G, Solarino L, Specchia V, Maja M (2001). Electrolytic abatement of biorefractory orangics by combining
bulk and electrode oxidation process. Chem Eng Sci 56:1571-1578. Sukamto JH, Rassat SD, Josephson GJ, Lawrence WE, Mendoza DP,
Viswanathan VV, Hallen RT, Orth RJ, Lilga MA (1999). Electrically Switched lon Exchanged ESIXO for the removal of potassium to enhance
water recycle opportunities. Pacific Northwest National Laboratory Richland, Washington. Thompson G, Swain J, Kay M, Forster CF (2001). The
treatment of pulp and paper mill effluent: a review. Bio Technol 77:275-286. Xu X and Zhu X (2004). Treatment of refectory oily wastewater by
electro-coagulation. Chemosphere 56:889-894. Xiong Y, He C, Karlsson HT, Zhu X (2003). Preformance of three-phase three-dimensional
electrode reactor for thereduction of COD in Simulated wastewater-containing phenol. Chemosphere 50:131-136. Yang, CL (2000). Removal of
chromium from abrasive blast media by leaching and electrochemical precipitation. J Air Waste Manage 50(4):536-542.



