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(57) Sang ché d& cap dén thiét bj san xuat nude khir ion bang dién ¢ cau tao méi c¢6 kha
nang loai bo mot cach hidu qua thanh phan axit yéu ma khuéch tan tir budng co dac vao
trong nudc can dugce xtr Iy duge chira trong budng khir ion. Thiét bi ndy bao gdm it nhat
mot bo xtr Iy khir ion duge bd tri ¢ giira catdt (12) va andt (11) ma ddi dién véi nhau; bd
xt 1y khir ion nay bao gdm budng khir ion (23) dugc nap diy it nhat bang chat trao do6i
anion va mot cap buéng co diac (22, 24) lién ké véi ca hai phia cua budng khtr ion nay;
buong khtr ion lién ké véi mot buong o dic tir trong s6 mot cip budng cd dic qua mang
trao doi cation (31, 33), mot budng co dic nay duoc bb tri trén phia catdt; va budng khir
ion lién ké voi budng co dic con lai tir trong s6 mot cap budng c6 dic qua mang trao doi
anion tht nhat (32), budng c6 dic con lai ndy dugc bd tri trén phia anét, trong d6 mang
trao d6i anion thir hai (40) duoc phan 16p trén khu vuc riéng ctua bé mit phia buong khu
ion cua mang trao d6i cation, lam than tach roi khoi mang trao d6i cation nay, va chat trao
d6i anion tiép xtc it nhat v4i phan 1a bé mat phia budng khir ion cia mang trao d6i anion
thr hai.
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Linh vue k§ thuit dwogc dé cip
[0001]
Séng ché dé cap dén thiét bj khir ion bing dién ding dé san xuét nude khir ion.
Tinh trang k§ thuit ciia sang ché
[0002]

Trong nhitng ndm gan day, thiét bi khir ion bang dién dimg dé san xuét nuéce
Khir fon (sau ddy thiét bj ndy duoc goi la "thiét bi EDI ") ma khong yéu cAu t4i sinh bing
hoa chit da duoc phat trién va duoc dua vao s dung thuc t€. Thiét bi EDI 1 thiét bi
trong d6 két hop su dién di va thdm tach bing dién. CAu tao co ban cla thiét bi EDI
thong thudng 13 nhur sau. Tuc 13, thiét bi EDI nay bao gdm budng khir ion, mét cip
budng co dic lién ké v6i ca hai phia ciia budng khir ion ndy, budng andt (dién cuc
duong) duoc bd trf bén ngoai mot buéng coO dac, va buéng catdt (dién cuc 4m) duoc bd
tri bén ngoai bubng c6 dic khac. Budng khir ion bao gdm mang trao ddi anion va mang
trao doi cation duoc bd trf dbi dién véi nhau, va chét trao dbi ion (chét trao ddi anion
hodic/va chit trao dbi cation) duogc xép chit & gifra cac mang trao d6i ion ndy. Cac thanh
phén anion va c4c thanh phan cation, ma c¢6 mat trong nudc can duoc xt Iy, di chuyén
tir budng khtr ion dén cac budng co dic qua mang trao doi anion va mang trao ddi cation,
mdt cach twong g, va nudc duge xu 1y, tie 13, nude khir ion, thu duge tir buéng khtr

ion, va nudc duoc c6 dic thu duoc tir cac buéng co dac.
[0003]

Dé san xudt mrde khir ion, nude cin duoc xtr Iy duge di vao trong budng khir
ion trong khi dién 4p DC dugc st dung & gifta cic dién cuc ma duoc bd tri trong buéng
andt va budng catot, mot cach twong tmg. Trong budng khir ion, céc thanh phéin anion
(chéng han nhu CI, COs*, HCOy,, Si0,) duoc thu nap béng chét trao d6i anion, va cac
thanh phan cation (ching han nhu Na*, Ca?', Mg?") duoc thu nap bang chét trao ddi
cation. Dong thi, phan tmg phan ly nudc (phan tng tach nuéc) xuat hién & mit phin
cach & gitta chit trao ddi anion va chét trao ddi cation, vi du, dé tao thanh cé4c ion hydro

va cac ion hydroxit (H,O — H* + OH"). C4c thanh phan ion, ma duoc thu nap bing cac
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chét trao di ion, dugc thay thé bang c4c ion hydro va céc ion hydroxit, va sau d6 dugc
gidi phong khoi cac chit trao di ion nay. Cac thanh phan ion duogc giai phong duoc
dién di qua céc chét trao dbi ion dén cac mang trao ddi ion (mang trao d6i anion hodc
mang trao doi cation), va duoc tién hanh thim tach bang dién & mang trao ddi ion va
sau d6 di chuyén vio trong cac budng cd dic. Cac thinh phén ion ma di chuyén vao

trong cac budng ¢ dic duoc xa bang nudc chay qua cic budng ¢b dic nay.
[0004]

Trong thiét bi EDL, hién tuong xuét hién trong d6 céac thanh phén axit yéu duoc
chita trong nudc duge cd dic khuéch tin vao trong nude duge xit 1y qua mang trao dbi
cation ma phan chia budng c6 dic va budng khtt ion, nher d6 1am giam d9 tinh khiét ctia
nuge duge xu 1y. D6 1 do cAc thanh phan axit yéu, ma thong thuong 1a axit cacbonic,
silic dioxit (axit silixic) va bo (axit boric), mot phan ¢6 cac dang 13 cac phén tt khong
duoc ion héa (cac phén tir trung tinh) ty thudc vao su thay dbi pH hoic tuong tu, va
do do, ching hau nhu khong bi anh hudéng boi kha ning thim c6 chon loc cua mang
trao ddi cation. Vi du, ddi véi axit cacbonic, c6 quan hé cin béng dugc thé hién béi
cong thirc (1) dén (3). D6 véi axit cacbonic ndy, hinh dang ctia cac phan tir khéng duoc
ion hoa (cdc phan tir trung tinh) 1a CO, cling nhu HoCOs, ma 6 thé dé dang di qua
mang trao ddi cation.

[0005]
CO; +H,O < H,CO; (1)
H,COs3 +» H*+ HCO5™ (2)
HCO5 < H'+COs* (3)
[0006]

Tai liéu sang ché 1 boc 16 thiét bi EDI c6 kha nang ngan nudc duge xir 1y bi
lam nhiém bén béi cic thanh phin axit yéu ma duoc khuéch tan tir budng cb dic vao
trong budng khr ion. Trong thiét bi niy, bubng khtr ion duoc phén chia thinh budng
khir ion nho thir nhat va budng khtr ion nhé thit hai bang mang trao dbi ion. Budng khir
ion nho thir nhit dugc nap diy bing chit trao dbi anion. Budng khit ion nho thir hai
duoc nap déy béng chit trao ddi anion va cht trao d@di cation theo tudn tu sao cho chét

trao d6i ion cudi cung, qua d6 nude can dugce xtt 1y di qua sau cing, trd thanh chat trao
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ddi anion.
[0007]

Tai liéu sang ché 1 bdc 16 réng budng khr ion nhé thi hai dugc nap déy béng
chét trao ddi anion, ring mang ludng cuc dugce b tri trén phia catdt ciia chit trao dbi
anion, va rang bé mit duoc lam tir ming trao doi anion ctia mang ludng cuc dbi dién
v0i chét trao d6i anion, dé ddy nhanh hon phan tmg phan ly nuéc va thu duoc sw phan

b6 mét d6 dong dién phu hop.
[0008]

Céc tai liéu sang ché 2 va 3 con boc 10 viée st dung mang ludng cuc trong thiét
bi EDL Céc tai liu sang ché 4 va 5 va Tai lidu phi sang ché 1 boc 16 cic mang ludng

cuc.

Tai ligu k thuét da biét

Tai liéu séng ché

[0009]

Tai liéu sang ché 1: JP 2012-161758 A
Tai lidu sang ché 2: WO 2013/018818
Tai liéu sang ché 3: WO 2011/152226
Tai lidu sang ché 4: JP HO7-11021 A
Tai liéu sang ché 5: JP 2010-132829 A
Tai liéu phi sang ché

[0010]

Tai liéu phi sang ché 1: Yoshinobu Tanaka, "Mang trao ddiion Co s& va ung dung ",

Maruzen xuét ban, 2016, trang 15-18
Bin chét k§ thuat ciia sang ché
Vén dé k¥ thudt can giai quyét
[0011]

Trong thiét bi EDI, diéu rat quan trong 1a lam thé ndo cac thanh phén axit yéu,
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ma duoe khuéeh tan tir buéng cd dac vao trong nudc can duogc xtr ly duoc chira trong
budng khir ion, c6 thé duoc loai bd mot cach hiu qua khoi nudc cin duoc xit Iy nay.
[0012]

Muc dich cua sang ché 1a d& xuét thiét bi EDI c¢6 chu tao méi co kha nang loai
bo mdt cach hiéu qua thanh phan axit yéu, ma khuéch tan tir budng 6 dic vao trong
nuée can duoc xi Iy duge chira trong budng khir ion, khoi nude cin dugc xi 1y nay.
Céch thirc giai quyét van dé
[0013]

Khia canh ctia sang ché dé xuét thiét bi khir ion bang dién ding dé san xudt
nudce khir ion bao gdm it nhat mt b xir 1y khir ion duoc b trf & gifta catdt va andt ma
d6i dién voi nhau,

bo xir 1y khir ion ndy bao gom budng khir ion dugc nap dy it nhat bang chét
trao dbi anion va mot cap budng cd dic lién ké voi ca hai phia ctia budng khir ion nay,

buéng khit ion lién ké véi mot buéng cd dac tir trong s6 mot cap buéng co dac
qua mang trao d6i cation, mdt budng cb dic duoce bd tr trén phia catdt, va

budng khir ion lién ké v6i budng ¢o dic con lai tix trong s6 mot cip budng co
dic qua mang trao d6i anion thir nhét, budng c¢d dic con lai nay dugc bd tri trén phia
andt, trong do

mang trao doi anion thr hai duoc phan 16p trén khu vuc riéng cta bé mit phia
budng khir jon clia mang trao ddi cation, lam than tach roi khoi mang trao dbi cation
nay, va

chat trao d6i anion tiép xtc it nhét voi phan 13 bé mit phia budng khtr ion cua
mang trao d6i anion thi hai.

Hiéu qua clia sang ché
[0014]

Séng ché d& xuit thiét bi EDI c chu tao mdi ¢6 kha ning loai bd mot cach hidu

qud thanh phan axit yéu, ma khuéch tin tir budng c6 dic vao trong nudc can duoc xir

Iy duoc chira trong budng khir ion, khoi nude can duge xir 1y nay.
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M ta vén tit cac hinh v&
[0015]

Fig. 113 hinh chiéu cit ngang gian luoc thé hién ciu tao gian lugc vé phuong
4n cua thiét bi EDI theo sang ché;

Fig. 2 1a hinh chiéu cit ngang gian Iuoc thé hién cdu tao gian lugc vé vi du trong
d6 s6 lwong cac 1an [ip lai N bing 2 trong thiét bi duoc thé hién trén FIG. 1;

Fig. 3 1a hinh chiéu mit cit gian luoc thé hién cAu tao gian luoc vé phuong an
khac ctia thiét bi EDI theo sing ché.

Fig. 4 12 hinh chiéu mit cit gian lwoc thé hién cAu tao gian Iugc vé phuong 4n
khac nita ciia thiét bi EDI theo séng ché.

Fig. 5 14 hinh chiéu mit cit gian lugc thé hién cAu tao gian lugc vé phuong an
khac nita ctia thiét bi EDI theo sang ché.

Fig. 6 1a hinh chiéu mit c4t gian luoc thé hién cAu tao gian lugc vé phuong 4n
khéc nita ciia thiét bi EDI theo séng ché.

Fig. 7 1a so d6 khéi niém dimg dé giai thich co cu theo séng ché.

Fig. 8 14 so @6 khai niém khéc ding dé gii thich co cAu phan ly nuée & mit
phén cach trong d6 mang trao ddi cation v mang trao ddi anion duogc phan 1p.

Fig. 9 14 so db khai niém dung dé giai thich co cAu phén ly nudc trong mang
ludng cuc.

Fig. 10 1a so d6 khai niém ding dé giai thich tinh hudng trong d6 cac anion va
cac cation duge xa tir mdt phan cach trong d6 hai mang dugc phan 16p.

M6 t3 chi tiét sang ché
[0016]

Trong thiét bi EDI ma budng khir ion cta né duoc nap day bang chét trao ddi
anion, c4c thinh phan axit yéu, ma dugc khuéch tan tir budng c6 dic vao trong budng
khir ion, c6 thé duoc thu nap béng chét trao d6i anion va duoc loai bo khéi nude duoc
xtt Iy. Tuy nhién, phan c6 céc thinh phin axit yéu, ma duoc khuéch tan tir budng cb

ddc vao trong khu vire cia budng khir ion gan clra xa ctia n, dé dang duogc xa tir budng
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khtr ion trude khi duge thu nap va dugc loai bo béng chét trao d6i anion dugc chira
trong buéng khir ion, va dé dang duoc trén vao trong nudc duoc xur Iy. Hi€n tugng nay
c6 thé xuét hién do cc thanh phén axit yéu, ma duoc khuéch tan tir buéng cd dac, khong

tiép xtic mot cach day du voi chét trao déi anion va 10 ri vao trong nudc duge xur 1y.
[0017]

FIG. 7(a) vé& mit khai niém thé hién ranh gi6i 1an can gitta budng khit ion 23 va
bu6ng 6 dac 24, ma duoc bd tr trén phia catdt cua buéng khtr 1on 23, trong vi du vé
thiét bi EDI thong thudng. Trong thiét bi EDI ndy, mang trao ddi cation 33 phan chia
budng khir ion 23 va budng c6 diic 24 ma dugc b trf trén phia catdt ctia budng khir ion
23. Budng khtr ion 23 dugc nap dy bang nhwa trao di anion 51 1am chét trao ddi anion,
va nhua trao d6i anion 51 tiép xtc véi bé mit ctia mang trao d6i cation 33 trén phia
budng khir ion. Trong thiét bi ndy, cac thanh phan axit yéu, ma duoc khuéch tan tir
budng cb dic 24 qua mang trao di cation 33, ¢6 thé dugc ion hoa bang phan tng trao
ddi ion va duoc thu nap trong nhua trao ddi anion 51 so véi phén trong d6 mang trao
ddi cation 33 va nhua trao ddi anion 51 tiép xtc v6i nhau. Vi du, axit cacbonic (HCO3)
duoc bién dbi thanh cac ion bicacbonat (HCO5') hodc cac ion cacbonat (CO5*) va dugc
thu nap bang nhua trao dbi anion 51. Céc anion duoc thu nap ndy c6 thé di chuyén qua
nhua trao ddi anion 51 dén budng cd dic dbi dién (phia andt). Mt khac, & phan trong
d6 mang trao dbi cation 33 nay khong tiép xtic véi nhya trao ddi anion 51, ngudi ta cho
rang céc thanh phin axit yéu duge giai phéng khoi mang trao dbi cation 33 vao pha
16ng dugc chita trong budng khi ion 23, va ring phén cta thanh phan axit yéu duoc

tron vao trong nudc duoge xi 1y.
[0018]

Cac tAc gia sang ché d phat hién thy ring c6 kha ning 1a c6 thé thu dugc muc
dich dugc d& cip o trén clia sdng ché bang cAu tao trong d6 mang trao ddi cation 33
phan chia budng khir ion 23 va budng c6 dic 24, va trong d6 mang trao dbi anion 40
dugc phan 16p trén bé mit cia mang trao ddi cation 33 trén phia budng khir ion, nhu
duogc thé hién trén FIG. 7(b). Theo céu tao nay, cac thanh phén axit yéu, ma duoc
khuéch tan vao budng khir ion qua mang trao dbi cation 33, thAm qua mang trao ddi
anion 40. Tai thoi diém nay, cac thanh phan axit yéu dugc bién ddi tix c4c phan tir trung

tinh thinh c4c anion bang sy trao ddi ion trong mang trao ddi anion 40, va do do tré
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thanh cic dang ion ma dé dang duoc thu nap béng nhua trao d6i anion 51 duoc chita

trong budng kht jon 23.
[0019]

Pé thu duoc ciu tao nhu duoc thé hién trén FIG. 7(b), cac tac gia sang ché d3
nghién ctru viéc str dung mang ludng cuc thay cho mang trao doi cation 33 ma dugc
thé hién trén FIG. 7(a). Mang ludng cuc 14 mang trong d6 mang trao ddi cation va mang
trao dbi anion duoc tich hop vio trong mét than, va thdng thudng c6 cu triic trong do
mang trao doi cation va ming trao d6i anion dugc bam dinh vao nhau. Méang ludng cuc
ndy c6 cAu tric trong d6 mit phan cach su bam dinh gifta mang trao ddi cation va mang
trao d6i anion duoc tdi wu héa cho phan tmg phan ly nude, va ¢6 cdu tao sao cho phan
g phan ly nudce dé dang dién ra. Di voi muc dich ndy, néi chung, chit c6 chirc nang
xuc tac dung dé phan ly nudc duoce dua vao trong mat phan cach sy bam dinh. Vi du,
thanh phan chat xtic tic chang han nhu kim loai, dic biét 1 ion kim loai ning, hodc
amin bac ba, nhu dugc bde 10 trong Tai liéu phi sang ché 1, duoc st dung lam thanh

phan chét xdc tac.
[0020]

FIG. 9 thé hién céu tao trong 46 mang ludng cuc dugc st dung nhu dugc mod
ta & trén. Mang ludng cuc 50 ¢6 phin mang trao ddi cation 50c va phin mang trao doi
anion 50a. G mit phan c4ch sy bam dinh gitta phin mang trao ddi cation 50c va phin
mang trao d6i anion 50a, H,O dugc bién dbi thanh H* va OH- bing phan tng phan ly
nude va bi hao. Do d6, nude can duoc cép mot cach hiéu qua dén mit phén cach su
bam dinh. Nude niy phai dugc cip bang hoi 4m ma xuyén qua cac phan mang 50a va
50c twong tmg dén mat phan cach sy bam dinh theo chidu d6 day cta mang. Do d¢, it
nhit mét trong s phin mang trao ddi cation 50c va phéin mang trao doi anion 50a cua
mang ludng cuc 50 can phai mong sao cho ¢ thé thuc hién mot cach tron tru viéc cép
nude. Tuy nhién, d6 day ctia phan mang trao ddi cation va phin méng trao d6i anion

khong thé dugc gidm theo quan diém vé d6 bén hodc do cac van dé san xuét.
[0021]

Mt khac, trong ciu tao dugc thé hién trén FIG. 7(b), ngudi ta cho ring mang

trao d6i anion 40 day hon 1a phi hop d ion hoa céc thanh phén axit yéu mot céch tin
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cdy hon, ma duoc khuéch tan tir buéng co ddc, trong mang trao di anion 40. Do do,
ngudi ta da phat hién thiy ring mong mubn 14 thu duoc ciu tao nhu duoc thé hién trén
FIG. 7(b) ma khong st dung mang ludng cuc. Ngoai ra, mang ludng cuc c6 cu trac
bam dinh gdm mang trao ddi anion va mang trao ddi cation dét hon so véi mang trao
dbi anion hoic mang trao dbi cation ma duoc tao ra boi mdt chit trao ddi ion. Do do,

ciing theo quan diém vé chi phi, mong 14 khong sir dung mang ludng cuc.
[0022]

Lién quan dén van d& niy, cAc tic gia sang ché da phat hién thiy ring nudc c6
thé dugc cap mdt cach tron tru dén mit phin cach gitta mang trao ddi cation 33 va mang
trao ddi anion 40 bang cach bd tri mang trao ddi cation 33 va mang trao ddi anion 40
nhu c4c thn tach rdi, va bang cach phan 16p mang trao ddi anion 40 trén khu vuc riéng,
khong phai toan bd khu vuc, clia bé mit clia mang trao ddi cation 33 trén phia budng
khir ion. Theo cau tao ny, khi xac dinh d6 day ctia mdi mang trao ddi ion, khong cin
phai xem xét viéc cAp nudc dén mit phan cach gitta cdc mang trao ddi ion nay. Do do,

d6 linh hoat thiét ké 13 cao, va d& dang st dung mang trao d6i anion 40 day.
[0023]

CAu tao vé mit khai niém duoc thé hién trén FIG. 8. Can luu § ring nhua trao
ddi anion 51 khéng duoc thé hién trén FIG. 8. Ngoai ra, can luu ¥ rang mang trao dbi
cation 33 va mang trao d6i anion 40 xuét hién tach roi nhau trén FIG. 8, nhung cac
mang nay ¢6 thé tiép xtac véi nhau.
[0024]

Khi phan (g phan ly nudc dién ra & mit phan cich gitta mang trao dbi cation
33 va mang trao dbi anion 40 va do d6 H,O bi hao, nudc dugce chira trong buéng khtr
ion 23 dugc cap tir giita mang trao ddi cation 33 va (c4c) phan d4u ctia mang trao doi
anion 40 ((cc) phan dau theo chidu doc ctia hinh v& trén FIG. 8). Céc ion OH" di qua
mang trao d6i anion 40 va dugc cip dén budng khir ion 23, va cac ion H di qua mang

trao d6i cation 33 va dugc cp dén budng cb dic 24.
[0025]
Céc tac gia sang ché da nghién ctru va phat hién thiy rang, & trudng hop trong

d6 mang ludng cuc duoc st dung thay cho mang trao d6i anion 40 trong cau tao duge
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thé hién trén FIG. 8 (xem Vi du so sanh 3 dugc mo ta sau), ¢o thé xuét hién hién tuong
trong d6 dong dién chay tap trung qua mang ludng cuc. Didu nay c6 thé 1 do phan tmg

phén ly nuéc dugc ting cuong dang ké bdi mang ludng cuc.
[0026]

Mt khac, trong céu tao duge thé hién trén FIG. 8, cac mang trao ddi ion 13 cac
than tach roi nhau, va chong 18n nhau dé tao ra mit phan cich & giita. Pién 4p tai d6
phan tmg phén ly nuéc dién ra & mit phan cach nay gan bang dién 4p tai d6 phéan g
phan ly nuéc dién ra & diém tiép xtic théng thudng gitta nhua trao déi ion va mang trao
doi ion (vi dy, diém tiép xtc gitra mang trao doi cation 33 va nhya trao ddi anion 51
trén FIG. 7(a)). Do d¢, theo cau tao dugc thé hién trén FIG. 8, d& dang ngin hién tuong
ma dong dién chay tap trung khi so sanh v6i truong hop trong d6 mang ludng cuc, ma
¢6 chirc ndng xtic tic & phan trong d6 phan tmg phan ly nuée dién ra, duge st dung.
[0027]

Dua trén cc phat hién dwgc dé cap ¢ trén céc tac gia sang ché da hoan thién
sang ché. Theo sang ché, cic thanh phén axit yéu, ma duge khuéch tan tir budng cb dic,
c6 thé duoc xir Iy hiéu qua, va co thé thu duge nudce dugc xur 1y ¢6-dd tinh khiét cao.
Ngoai ra, cO thé giam duoc sy tép trung dong dién, ma duoc tao thanh khi mang ludng
cuc dugce str dung nhur duoc mo ta & trén, va két qua la, co thé thu duoc nude duoc xur
Iy c6 d6 tinh khiét cao hon.

[0028]

Sau day, cac phuong an theo sng ché s& duoc mo ta chi tiét dwa vao céc hinh
v&, nhung sang ché khong bi gidi han & do.

[0029]

FIG. 1 thé hién phuong 4n co ban vé thiét bi EDI theo séng ché. Trong thiét b
EDI ndy, it nhat mot bd xir Iy khir ion dirgc bé trf & gifta catdt 12 va anot 11 ma dbi dién
v6i nhau. B xir Iy khir ion ndy c6 budng khir ion 23 va mot cap buéng codac 22 va 24
ma lién ké v6i ca hai phia cia budng khir ion 23, mdt cach tuong tmg, va con c6 mang
trao ddi anion (AEM- anion exchange membrane) 32, ma 1 mang trao ddi anion thir

nhit, v mang trao ddi cation (CEM- cation exchange membrane) 33.
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[0030]

Budng khir ion 23 lién ké véi budng cb dic 24 tir trong s6 mot cap budng cb
dac 22 va 24 qua mang trao ddi cation 33, budng co dic 24 ndy duoc bb tri trén phia
cat6t. Ngoai ra, budng khir ion 23 lién ké v6i budng ¢6 dic 22 tir trong sb mot cip budng
c6 ddc 22 va 24 qua mang trao d6i anion 32, budng cd dic 22 ndy duogc bb tri trén phia
andt. Budng khtr ion 23 do d6 duoc phan chia bang mang trao dbi anion 32 ma dugc
bd tri trén phia ddi dién véi andt 11 va bing mang trao ddi cation 33 ma duoc bé tri trén
phia ddi dién véi catdt 12.

[0031]

Trong thiét bi EDI dugc thé hién trén FIG. 1, budng 6 diic 22, budng khir ion
23 va buéng cd dic 24 duoc bb tri, theo thir tu nay tir phia buéng anot 21, gilra buéng
andt 21 duoc trang bi andt 11 va buéng catot 25 dugc trang bi catot 12. Buéng anot 21
va budng cb dic 22 lién k& v6i nhau véi mang trao ddi cation 31 & gifra. Budng ¢cb dic

24 va budng catot 25 lién k& voi nhau véi mang trao doi anion 34 & giita.
[0032]

Buong khir jon 23 duge nap day it nhat bing chét trao ddi anion. Trong vi du
duoc thé hién trén FIG. 1, buéng khtr ion 23 dugc nap dﬁy béng chit trao ddi anion va
chét trao ddi cation, ma tao ra ting duoc tron (MB). Tuy nhién, d6 khong phai 1 gidi
han, va budng khir ion 23 ¢6 thé dugc nap day chi bing chét trao ddi anion. Ngoai ra,
mot hodc nhiéu téng chét trao dbi c4c anion (cac tﬁng chira chét trao ddi anion) va mot
hoic nhiéu ting chét trao ddi cation (cac tAng chtta chat trao ddi cation) c6 thé dugc bd
tri trong budng khir ion 23. Trong truong hop ndy, t6t hon 1a budng khi ion duoc nap
d4y bang (cac) tAng chét trao ddi anion va (c4c) tAng chit trao ddi cation theo tuan tu
sao cho cht trao déi ion cudi cung, qua d6 nudc can dugc xi Iy di qua sau cung, tr¢

thanh chét trao déi anion.
[0033]

Ngoai ra, trong thiét bi EDI nay, budng andt 21 dugc nap day bang chit trao
ddi cation, va cac budng cb dic 22 va 24 va budng catdt 25 dugc nap day bang chét trao
d6i anion. Tuy nhién, budng andt 21, cac budng ¢b dic 22 va 24 va budng catdt 25

khéng can phai duoc nap day bing chét trao ddi ion (chét trao dbi anion 14n chét trao
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d6i cation).
[0034]

Tuy nhién, hiéu quéa theo sang ché 14 dic biét rd rang khi cac budng ¢b dic 22
va 24 duoc nap diy bang chét trao dbi anion. D6 13 do hién twong khuéch tAn cta cac
thanh phan axit yéu tir budng ¢d dic vao budng khir ion ¢6 xu huéng tré nén déang ké

hon khi céc budng ¢b dic 22 va 24 dugc nap diy bang chét trao ddi anion nay.
[0035]

Nhua trao dbi anion (AER- anion exchange resin), vi dyu, dugc str dung lam chét
trao ddi anion, va nhua trao ddi cation (CER- cation exchange resin), vi du, dugc st
dung lam cht trao ddi cation. Nhua trao d6i ion 1a nhua tong hop trong d6 nhom chirc
(nhém trao dbi ion) duge dua vao trong ma trin polyme c6 cAu triic mang ba chiéu.
Nhya trao dbi ion ndy thong thuong & dang cic hat hinh ciu c6 duong kinh hat la
khoang 0,4 dén 0,8 mm. Céc vi du vé ma trn polyme ctia nhua trao d6i ion bao gém
styren-divinylbenzen copolyme (nhua styren) va axit acrylic -divinylbenzen copolyme

(nhua acrylic).
[0036]

Nhura trao ddi ion dai thé c6 thé duoc phan loai thanh nhua trao di cation trong
d6 nhém chire ¢6 tinh axit va nhua trao ddi anion trong d6 nhom chirc ¢6 tinh bazo, va
con ¢ thé duoc phan loai, fly thudc vao loai nhom trao ddi ion duoc dua vao, thanh
nhua trao ddi cation ¢6 tinh axit manh, nhua trao ddi cation c6 tinh axit yéu, nhua trao
dbi anion ¢6 tinh bazo manh, nhya trao ddi anion ¢6 tinh bazo yéu, va tuong ty. Cac vi
du vé nhya trao ddi anion ¢6 tinh bazo manh bao gém cac nhua c6 nhéom amoni bac
bdn lam nhém chirc (nhom trao d6i ion), va cac vi du vé nhua trao ddi anion c6 tinh
bazo yéu bao gém cac nhya c6 amin bac mot, bac hai hodc bac ba 1am nhoém chire. Cac
vidyvé nhua trao doi cation ¢6 tinh axit manh bao gém cac nhyra ¢6 nhom axit sunfonic
1am nhém chie, va cac vi du nhua trao d6i cation ¢ tinh axit yéu bao gém cac nhua co

nhom cacboxyl lam nhom chiic.
[0037]

Tiep theo, viéc sdn xuat nudc khir ion (nudc duoc xur 1y) bang cach s dung

thiét bi EDI duoc thé hién trén FIG. 1 s& duoc mé ta. Nudc cap dugc cép vao budng
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andt 21, cac buéng cddac22va24dva buéng catdt 25, va nude can duoce Xt ly duoc di
qua budng khir ion 23, & trang théi trong d6 dién ap DC duoc sir dung gitta andt 11 va
catdt 12. Sau d6, cac thanh phén ion trong nudc can duoc xi Iy duge hip thu vao chét
trao d6i ion trong budng khir ion 23, quy trinh kit ion (khir khoang) duoc thuc hién, va
nuée khir ion chay ra ngoai tir budng khir ion 23 dudi dang nude duoc xi 1. Tai thoi
diém nay, trong budng khir ion 23, phan Gmg phan ly nudc xuét hién cha yéu ¢ mat
phén cach giita cac loai chét trao dbi ion khac nhau (ma c¢6 thé 13 c4c mang trao ddi ion)
do dién ap dugc st dung, va cac ion hydro va cac ion hydroxit dugc tao thanh. Sau do,
cac thanh phéan ion ma duoc hdp thu trude d6 vao chit trao ddi ion trong budng khir ion
23 trai qua sy trao ddi ion v6i céc ion hydro va céc ion hydroxit, va duoc giai phong
khoi chat trao di ion. Tir trong sb cac thanh phin ion duoc giai phong, cac anion di
chuyén dén buéng b dic 22, ma duoc bd trf trén phia andt, qua mang trao d6i anion 32,
va duge x4 trong nude duge ¢d dic tir budng ¢b dic 22. Tir trong sb cac thanh phin ion
duogc giai phong, cac cation di chuyén dén budng cd ddc 24, ma duge bd tri trén phia
catdt, qua mang trao dbi cation 33, va duoc xa trong nudce duoc cd dac tir buéng cd dac
24. Két qua 13, cac thanh phan ion trong nudce cn duoc xi Iy, ma duoc cap dén budng
khir ion 23, di chuyén dén cac buéng cd dac 22 va 24, va duogc xa. Déng thoi, chét trao
ddiion trong buéng khtr ion 23 duogc tai sinh. Ngoai ra, nude dién cuc dugc xa tir bu@)ng

andt 21 va budng catdt 25.
[0038]

Trong thiét bi EDI theo sang ché, mang trao ddi cation 33 phan chia budng khur
ion 23 va budng c6 dic 24. VA, mang trao dbi anion 40, ma 13 mang trao ddi anion th
hai, dwoc phan 16p trén khu vuc riéng, khong phéi toan bd khu vire, cta bé mit cia
mang trao ddi cation 33 trén phia budng khir ion 23. Sau ddy, bé mit (cia mang) trén
phia budng khir ion 23 ¢6 thé duoc goi 14 "bé mit phia budng khir ion". Mang trao ddi
anion 40 1a than tach ro1 khéi mang trao d6i cation 33, ndi cach khéc, khong dugc tich

hop véi mang trao ddi cation 33 thanh mot than.
[0039]

Mang trao ddi cation 33 duogc bd tri dé phan chia budng c6 diic 24 va budng
khr ion 23, va do d6 dugc bd trf vé co ban trén toan bd khu vire 13 ranh gidi gitta budng

khtr ion 23 va buéng cb dac 24. Mat khac, nhu dugc md ta ¢ trén, mang trao di anion
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40 dugc phan 16p trén khu vuc riéng clia bé mit phia budng khir jon clia mang trao ddi
cation 33. Do do, dién tich clia mang trao dbi anion 40 nhé hon dién tich cia mang trao
ddi cation 33. V&i cau tao ndy, mit phan cach & giita mang trao dbi cation 33 va mang
trao d6i anion 40 c6 thé tiép xac véi nude ma duge chia trong budng khir ion 23. Do
do, nhu duoc md ta dua vao FIG. 8, ¢6 thé cép nudce trong buéng khtr ion 23 dén mit
phén cch & giita mang trao doi cation 33 va mang trao ddi anion 40 tir gitta mang trao -
ddi cation 33 va (c4c) phan dau ctia mang trao ddi anion 40 ((cac) phin diu theo chidu
doc trén FIG. 1).

[0040]

Sau day, khu vuc riéng duoc dé cap & trén (tirc 13, khu vure, ma chdng 1én mang
trao doi anion 40, ctia bé mit phia budng khir ion ctia mang trao ddi cation 33) ¢6 thé
duoc goi 1a "khu vuc chdng 14n". P41 voi mot mang trao ddi cation 33, ¢6 thé cd mot
khu vire chdng 14n (xem FIG. 1 dén FIG. 3 va FIG. 5 dén FIG. 6), hoac nhidu khu vuc
chdng lan c6 thé tn tai tach roi nhau (xem FIG. 4). Khi mdt khu vuc chdng 14n tdn tai
trén bé mit phia budng khir ion ciia mang trao ddi cation 33, mdt mang trao di anion
40 c6 thé dugc chdng 14n trén khu vue nay. Khi c6 nhiéu khu vuc chdng lan trén bé mat
phia budng khir ion ctia mang trao ddi cation 33, mdt mang trao ddi anion 40 c6 thé
duoc chéng _lén trén mdi khu vuc chéng lan. Khi ¢6 nhiéu khu vuc ché)ng 1n, céc khu
vure ndy c6 thé tach roi nhau doc theo chiéu mrde chay cta nudce cin duge xi ly trong

budng khtr ion 23.
[0041]

Theo quan diém vé ngan thanh phan axit yéu khong lam nhi®m bén nuéc duge
xir 1y, t6t hon 1a khu virc chdng lin bao gdm khu vuc gdm bé mit phia budng khir ion
clia mang trao dbi cation 33, khu vuc thit hai tiép can v&i dau clia mang trao dbi cation
33 trén phia cira xa ctia budng khir ion (du trén phia x4 nudce duoc xi 1y)). Ttc 13, khi
c6 mét khu vue chdng 1an, t6t hon 14 khu vue chdng 14n nay tiép can v6i du cia mang
trao doi cation 33 trén phia cira xa ctia budng khtr jon. Khi c6 nthiéu khu vue chdng l4n,
t6t hon 14 mot trong s6 cac khu vue chdng I4n ndy tiép cin v6i diu clia mang trao ddi
cation 33 trén phia ctra x4 clia buéng khir ion. Cu thé 13, khi ¢6 nhiéu khu vuc chéng
l4n tach roi nhau doc theo chiéu nude chay cua nude can dugc xt Iy trong budng khir

ion 23, tét hon 1 khu vuc chdng l4n ndy ma duge bd tri & vi trf dudi cung theo chiéu
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nuéce chay tiép can véi ddu clia mang trao ddi cation 33 trén phia cira x4 ctia budng khir
ion.
[0042]

Vi dy, mang trao d6i anion 40 c6 cting do rong (kich thudc theo chidu sau ciia
hinh v& trén FIG. 1) v6i mang trao ddi cation 33, va c6 do dai (kich thuéc theo chiéu

doc ctia hinh v& trén FIG. 1) ngin hon mang trao ddi cation 33.
[0043]

it nhat phan 14 bé mit cua mang trao dbi anion 40 trén phia budng khir ion 23
tiép xtic v6i chét trao ddi anion. Trong phuong 4n hién tai, ting duoc tron (MB) tiép
x{ic v6i bé mit clia mang trao di anion 40 trén phia budng khtr ion. Do d6, chat trao
ddi anion, cu thé 13, nhya trao dbi anion, dugc chura trong tﬁng dugc tron nay tiép xuc
v6i bé mit ciia mang trao ddi anion 40 trén phia budng khir ion. Do d6, d& ding xa mot
cach co hiéu qua cac thanh phén axit yéu, ma duoc khuéch tén tir buéng ¢O dac vand
dugc bién dbi tir cac phan tir trung tinh thanh c4c anion bang mang trao ddi anion 40,
vdo trong budng cb dic 22 qua chit trao déi anion dugc xép chit trong budng khir ion
23, va qua thém mang trao d6i anion 32. Tir quan diém ndy, t6t hon 14 tAng chat trao déi
anion hodc tAng duoc tron duoc bd tri trong budng khir ion dé tiép xtic v6i chc mang
trao d6i anion 40 va 32, d& tao ra cac duong din nham di chuyén céc anion qua chét

trao d6i anion tir mang trao di anion 40 dén mang trao d6i anion 32.
[0044]
Nguoi ta da biét trong linh vire k§ thuat 1a thiét bi EDI va thiét bi thdm tich

bang dién (ED) c6 thé duoc st dung 1dm mang trao ddi cation 33 va mang trao ddi

anion 40.
[0045]

Do day ctia mdi mang trao dbi cation 33 va mang trao ddi anion 40 thong

thuong la khodng 100 pm dén 700 pm, cu thé Ia khoang 200 um dén 600 pm.
[0046]

T6t hon 1a ca mang trao ddi cation 33 1An mang trao ddi anion 40 déu khong

chira thanh phan chat xtc téc ding dé thuc ddy phan tmg phan ly nuée nhu duoc chira
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trong mang ludng cuc, theo quan diém vé viéc ngin su tap trung dong dién.
[0047]

Mang trao ddi ion dai thé co thé duoc phan loai thanh mang di thé va mang
ddng nhit. Mang di thé thu dugc bing cich phan tan bot min bang nhwa trao ddi ion
trong chét gian két pht hop (hop chit polyme), va bang cach gia nhiét va tao hinh chit
thu dugc vao trong dang mang. Trén bé miit cia mang di thé, c6 phén duoc lam tir hop
chét polyme mét hoat tinh trong d6 khong c6 nhém trao ddi ion. Mang di thé d& dang
duogc san xuat hon mang dong nhat. Mit khac, mang dng nhét 13 cht trao dbi ion duoc
tong hop & dang mang. Mang dong nhit niy c6 cu tric trong d6 toan bd mang duoc
gén két hoa hoc véi mirc do lién két ngang cao, va trong d6 sb luong 16n cac nhém trao
d6i ion duogc phan bd ddng nhit. Mang ddng nhét 13 tuyét voi & chd né co dién trd thip
hon mang di thé. Noi chung, nhdm muc dich cai thién d6 bén co hoc, mét ludi, vai
khong dét hodc twong tu duge tich hop lam thin gia cudng trong ca mang di thé va
mang déng nhit. Mang trao ddi ion dugc phan loai thinh mang trao ddi anion va mang
trao ddi cation tuy thudc vao loai nhom chirc dugc dua vao, twong tur nhu nhua trao dbi

ion.
[0048]

Theo sang ché, c6 thé st dung mang di thé hoic mang déng nhét. Tuy nhién,
t6t hon 1a sy két hop gitta cac loai mang trao dbi cation 33 va mang trao d6i anion 40 1
mang ddng nhit/ mang ddng nhat, mang di thé / mang ddng nhét, hoic mang ddng nhét
/ mang di thé (loai mang trao ddi cation 33 duoc thé hién trudc déu gach chéo "/" va
loai mang trao ddi anion 40 dwoc thé hién sau ddu gach chéo "/"). Ttc la, it nhit mot
trong sO mang trao ddi cation 33 va mang trao ddi anion 40 tdt hon 13 mang ddng nhét.
D6 13 do mang di thé co khu vuc riéng bat hoat trong d6 khong c6 nhém trao ddi ion
nao, va do do, néu su két hop gitta mang di thé/ma‘mg di thé duoc st dung tai vi tri trong
d6 phén 1ing phan ly nudc xuét hién, thi s6 lwong cac diém phan (mg ctia su phan ly
nuée ¢6 thé giam va dién 4p co thé ting.
[0049]

Mang trao doi cation 33 va mang trao doi anion 40 c6 thé dugc cho ti€p xtc voi

nhau & trang thai wdt bang cach chdng ching 1én nhau. Bang cch cho tiép xtic ¢4 hai
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mang ndy v&i nhau ¢ trang thai udt, nén khi nude bi hao trong phin tmg phén ly nudc,
nude ndy duoc hut vao tir (cic) phin dau clia phan chong lan, va nuée ndy c6 the dé
dang dugc cap dén gitta hai mang nay. Ngoai ra, phan tiép xtic gilra hai mang nay c6

chirc ning 1a phan phan tmg cho su phan ly nudec.
[0050]

Khi méang trao ddi cation 33 va mang trao d6i anion 40 dugc lap trong thiét bi
EDI, c4c mang tuong tmg ndy c¢6 thé dugc chong 14n 1én nhau va dugc lp & trang thai
kho, va sau d6, nude co thé dugc di qua thiét bi dé lam cho cdc mang ndy tré thanh
trang thai u6t. Ngoai ra, ca hai mang nay co thé dugc chdng 14n 1én nhau va dugc lip &
trang thai udt khi ching duoc 1p trong thiét bi EDL Khi mang trao dbi cation 33 va
mang trao dbi anion 40 dugc chdng lan 1én nhau, vi dy, cic mang tuong (g ndy co thé
duogc tao ra ¢ trang thai wot, sau do céc bé mit clia chiing co thé dugc lam sach béng
cach st dung dong nude tinh khiét sach hodc tuong tw, va sau d6 chiing dugc chong l4n
1én nhau. Ngodi ra, ¢4 hai mang nay c6 thé dugc ¢b dinh v6i nhau bang cach sir dung

dung cu thich hop.
[0051]

Ddi voi (cac) phin ddu clia phan chdng 14n trong d6 mang trao d6i cation 33 va
mang trao dbi anion 40 chdng 14n 1én nhau, chi mot phén ctia phan du cin c6 kha ning
cp (hat vao) nudc tir budng khir ion 23 dén phan phan tmg phan ly nudc (ttc 13, chi
mt phin ctia (c4c) phan diu cin phai khong dugc bit kin, tirc 13, cAn phai hd). Vi dy,
mdt phn cta (c4c) phin dAu cta phin chdng lAn co thé khong dugc bit kin va phan
khéc c6 thé duoc bit kin. Ngodi ra, todn bd (cac) phin déu c6 thé hé. Cac vi du vé dung
cu bit kin bao gdm bao gdm gan két bang cach st dung cht két dinh, han trong d6 cac
vat liéu cAu thanh mang duge ndu chay va dugc tich hop bang cich gia nhiét hoic dao
dong siéu dm, va phuong phap trong do céc vat liéu cAu thanh mang duoc kep & giita

va duge ¢b dinh béng khung,
[0052]

Nguoi ta da biét trong linh vire ki thuat ring thiét bi EDI c6 thé duge sir dung
lam andt 11 va cat6t 12. Vi du, dién cuc béng thép khong gi duoc str dung cho catdt, va

kim loai quy, chéng han nhu platin, hodc dién cuc ma kim loai quy duoc sur dung cho
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anot.

[0053]

Nguoi ta d3 biét trong linh vurc ring thiét bi EDI ¢6 thé dugc sir dung lam mang
trao ddi cation 31 va cdc mang trao di anion 32 va 34. Anot 11 va catdt 12, buéng anot
21, cac budng cb dic 22 va 24, budng khir ion 23, budng catdt 25, cic mang trao ddi
cation 31 va 33, va cac mang trao ddi anion 32, 34 va 40 c6 thé dugc chira trong than

khung phtt hop (khong duoc thé hién).
[0054]

Déi v6i nude cip va nude can duoc xir Iy, nguoi ta dd biét trong linh vuc rang
thiét bi EDI c6 thé duoc st dung. Thong thudng, nudc thim bing mang thim thiu
nguoc (RO- reverse osmosis) dugce sit dung, va tot hon nita 13 sir dung nudc thAm ma
duge xir Iy trong hai hodc nhidu lan di qua bang cic RO mang. Ngoai ra, khan tich
cacboxyl hodc mang khir khi (MD- membrane degassing) ¢6 thé duoc str dung dé loai
b6 axit cacbonic. Ngoai ra, trong nhitng nim gin day, nuéc ma dugc xi 1y bang EDI

¢6 thé duoc sir dung lam nude cap hodc nude can duoc xir 1.
[0055]

Trong thiét bi duoc thé hién trén FIG. 1, d6i véi bué)ng andt 21, cac bu@)ng cd
dac 22 va 24, va budng catdt 25, nude cap dugc dua vao trong cac budng ndy tir phia
dudi, va nudce (nudc dién cuc hodc nudc dugce co dic) duge xa tir phia trén. Dbi voi
budng khir jon 23, nude can duoc xi Iy duoc cdp vao budng nay tir phia trén, va nude
duoc xi Iy dwoc xa tir phia dudi. Tuy nhién, didu niy khong bi gi6i han, va cac chidu
dong chay ctia nude c6 thé duge xac dinh mot cach phit hop. Ngoai ra, thay vi cip nude
tir bén ngoai vio budng andt 21, nudc x4 ciia budng catdt 25 (nudc dién cuc) co thé
duoc cép dén buéng anot 21, hodac nudc xa cla buéng andt 21 (nude dién cyc) cod thé
dugc cap dén budng catdt 25.

[0056]

Su khuéch tan cta thanh phan axit yéu tir budng c6 dic 24 vao budng khir ion
23 bi anh hudng boi ndng d6 ctia thanh phin axit yéu trong budng c6 dic 24, va lugng
khuéch tan clia no ting khi néng do ctia no ting. Trong budng cb dic 24, ty 16 ndng do

ting va ndng d6 ciia thanh phin axit yéu ting tir cira nap dén ctra xa. Bang cach bd tri
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phia ctra nap ciia budng c6 dic 24 & vi tri lién ké v&i phia cira xa ciia budng khir ion 23,
6 thé ngan nhiéu su khuéch tan xudt hién tir bu?)ng co dac 24 & vitri g@fm vo1 nudc cira
x4 duoc xt I ctia budng khir ion 23. Do d6, tt hon 14 chiéu dong chdy ctia nudc trong
budng ¢ dic 24 1a chiéu nguoc dong so voi chiéu dong chay ctia nudc trong budng
khtt ion lién k& (ttrc 14, budng khir ion 23 trong phuong 4n dugc thé hién trén FIG. 1,
budng khtr ion nhé thir hai 27 trong phuong 4n dugc thé hién trén FIG. 6).

[0057]

Céu tao trong d6 buéng cb dac con dong vai tro 1a buéng dién cuc duoc bao
gé)ln trong pham vi cua sang ché. Vidu, buéng b dic 24 duge thé hién trén FIG. 1 ¢6
thé duoc bd trf catdt, va budng catdt 25 co thé duge bo qua. Ngay ca trong trudng hop
ndy, b0 xtt Iy khir ion duoc bao gém bué)ng khur ion va cdp bué)ng cd dic duge bd trf &
gitta catot va anot.

[0058]

Thiét bi EDI ¢6 thé bao gdm nhidu bd xtr Iy khir ion. Poi véi muc dich nay,
nhidu cu tao co ban (tic 1a cac bd pin), mdi trong s6 ching bao gdm [budng cd dic |
mang trao ddi anion thr nhit (AEM) | budng khtr ion | ming trao d6i cation (CEM) (trén
d6 mang trao ddi anion thit hai dugc phan 16p) | budng cd dic], ¢6 thé duge dit canh
nhau ¢ gitta andt va catot. Trong truong hop nay, cac budng cd diic 14n cin c6 thé duge
chia sé gitta cac bd pin lién k&. Do d6, gia dinh ring mét bd pin dugc ciu thanh bsi
mang trao ddi anion 32, budng khtr ion 23, mang trao dbi cation 33 (trén d6 mang trao
d8i anion 40 duoc phan 16p), va budng ¢b dic 24, nhidu bd pin 6 thé duge b tri & giita
budng catdt 25 va budng ¢b dic 22 ma la budng cb dic gan nhét v6i budng andt 21.
Trén FIG. 1, "N" ¢6 nghia la s6 lugng céc bd pin, va N 1a s6 nguyén 16n hon hoic bing
1.

[0059]

Mic di cu tao co ban ctia thiét bi EDI theo sang ché da duge mb ta & trén,
sang ché duoc ap dung rong rai cho thiét bi EDI c¢6 cac cAu tao khac nhau. Céc vi du vé

céc cAu tao ctia thiét bi EDI ma sang ché co thé duoc ap dung s& dugc mo ta dudi day.
[0060]

Dua vao FIG. 2, thiét bi EDI c6 hai bd xtt Iy khir ion s& dugc md t. Thiét bi
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EDI nay co cAu tao cla thiét bi duoc thé hién trén FIG. 1 trong d6 hai bd pin dugc bd
tri & gitra budng catdt 25 va budng o dic 22 ma la budng b dic gin nhit voi budng
andt 21. Trén FIG. 2, ky tu "' (nét gach)" dugc dét sau ky hi¢u tham chiéu chi bao thanh
phin cAu thanh b pin gin véi budng catdt 25 hon.
[0061]

Budng andt 21 duge nap dAy bing nhya trao ddi cation (CER), va budng co dic
22 va budng catdt 25 duoc nap dAy bang nhua trao d5i anion (AER). M&i budng ¢d dic
24 va 24' dugc nap ddy bang nhya trao ddi anion AER. Mdi budng khir ion 23 va 23'
duge nap diy bang ting dugc tron gdm nhya trao dbi anion va nhya trao ddi cation.
[0062]

Budng andt 21 va budng cd dic 22 duoc phan chia béng mang trao ddi cation
31. Budng cd diic 22 va budng khtr ion 23 duge phan chia bing mang trao ddi anion 32.
Budng khir ion 23 va budng o dic 24 dugc phan chia bing mang trao dbi cation 33.
Budng cd dic 24 va budng khir ion 23" dugc phan chia bang mang trao d6i anion 32".
Budng khir ion 23' va budng cb dic 24' dugc phan chia bing mang trao ddi cation 33".
Budng cd dic 24' va budng catdt 25 dugc phan chia bang mang trao d6i anion 34.

[0063]

Mang trao d6i anion 40 dugc phan 16p trén mang trao dbi cation 33. Mang trao

ddi anion 40' dwoc phan 16p trén mang trao d6i cation 33'.
[0064]

CAc cAu tao clia cic mang trao doi anion 32' va 40', buong khr ion 23', mang
trao ddi cation 33', va budng co dic 24' c6 thé gidng hodc khac vdi cac cau tao cua cac
mang trao doi anion 32 va 40, budng khir ion 23, mang trao doi cation 33, va budng c6

dic 24, mét cach tuong Uing.
[0065]

Ngoai ra trong phuong 4n nay, co thé thu duoc hiéu qua twong ty nhu phuong

4n duoc thé hién trén FIG. 1.
[0066]

Céc anion, chang han nhu COs* va HCOs, dugc dAn xudt tix cac axit yéu di
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chuyén tir budng khir ion 23' dén budng ¢ dic 24 qua mang trao d6i anion 32'. Do 46,
ngoai cdc thanh phén axit yéu ma ban dAu duoc chita trong nudc cAp ra, cac thanh phan
axit yéu ma di chuyén qua mang trao dbi anion 32" con duogc chira trong budng ¢d dic
24. Do d6, chc ndng do clia cac thanh phén axit yéu trong budng cb dic 24 tré nén cao
hon mot céch twong dbi, va hién tuong khuéch tan ctia céc thanh phin axit yéu tir budng
b dic 24 dén bué)ng khtr ion 23 ¢ xu hudng tré nén dang ké. Do do, sang ché dic biét
hiéu qua véi thiét bi EDI bao gdm nhiéu bo xt Iy khir ion,

[0067]

FIG. 3 thé hién phuong 4n khic vé thiét bi EDI theo sang ché. Thiét bi EDI nay
giéng vé6i thiét bi EDI duoc thé hién trén FIG. 1 ngoai trix viéc nhua trao dbi cation
(CER) dugc b tr trong khu vuc phia ctra nap cta buéng khtr ion 23 va nhua trao ddi
anion (AER) duoc bb tri trong khu vuc phia cira xa. N6i cach khac, trong budng khir
on 23, téng duoc lam tir nhya trao dbi cation (téng nhua trao ddi cation, va do d6 tﬁng
chét trao ddi cation) va tAng duoc 1am tr nhya trao dbi anion (tAng nhua trao dbi anion,
va do d6 tAng chét trao ddi anion) xép thanh chdng timg c4i mdt theo chiéu nuéc chay
ctia nude can duoe xit 1. Tuc 1, budng khir ion duge nap dAy bang ting chét trao d6i
anion va tng chét trao ddi cation theo tuln tw sao cho chét trao ddi ion cudi ciing, qua
d6 nude cin duoc x1 1y di qua sau cing, tré thanh chét trao ddi anion. Mang trao dbi
anion 40 duoc bd tri trén phia catot cua tAng trao di anion dugc chira trong budng khir
ion 23, tic 13, ¢ giita tAng trao d6i anion va mang trao dbi cation 33. Mang trao doi
anion 40 khong duoc b trf trén phia catdt cta tAng chit trao di cation dugc chira trong

budng khtr ion 23.
[0068]

Nhu duge thé hién trén FIG. 3, cac do dai cua cac tﬁng duoc chtra trong buéng
khtr ion 23 theo chiéu nudc chay (d6 dai theo chiéu doc cta hinh v& trén FIG. 3) ¢b thé
gibng nhau, nhung ciing c6 thé khac nhau.

[0069]

Di nhién 14, ngoai ra trong phuong an ndy, gid dinh rang mdt bd pin duge ciu

thanh boi mang trao dbi anion 32, budng khir ion 23, mang trao d6i cation 33 trén do

mang trao d6i anion 40 duge phan 16p, va budng co dic 24, N (N 1a s6 nguyén 16n hon
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hoic bing 1) bd pin c6 thé dugc bé tri & giita budng catdt 25 va budng ¢d dic 22 ma 1

budng cb dic gin nhat voi budng andt 21.
[0070]

Thiét bi EDI duorc thé hién trén FIG. 4 gibng v6i thiét bi EDI duogc thé hién trén
FIG. 3, ngoali trir viéc buéng khit ion 23 duoc chia thanh bdn khu vue doc theo chiéu
nudc chay ctia nude can dugc xtt 1y, va nhya trao dbi ion dugc bd tri trong mdi khu vire
sao cho tng chét trao ddi cation thir nhét, tAng chit trao d6i anion thir nhét, tAng chat
trao doi cation thit hai, va tAng chit trao d6i anion thir hai dugc can thing hang theo thit
tw nay tr phia ctra nap ctia nuoc can duge xir Iy. Mang trao d6i anion 40, ma dugc phan
16p trén mang trao ddi cation 33, dugc bd tri trén phia catdt ctia mbi trong s ting chit
trao ddi anion thir nhit va ting chét trao ddi anion thir hai. Méng trao dbi anion 40 khong
duoc bd tri trén phia catdt cta tAng chit trao ddi cation thir nhit 1an trén phia catot clia
tAng chit trao doi cation tht hai. Trong thiét bi nay, c6 hai khu vuc chdng 14n (tic 13,
céc khu vie clia bé mat phia budng khtt ion ctia mang trao dbi cation 33, trong d6 mang
trao d6i anion 40 duoc phan 16p) tach roi nhau doc theo chiéu nudc chay ctia nudc cin
duoc xu Iy trong budng khir ion 23. Mot trong sb hai khu vuc chong l4n nay, khu vuc
chdng 14n nay duoc bb trf ¢ phia dudi cing chidu nude chay, tiép xtic véi phan dau cia

mang trao ddi cation 33 trén phia ctra x& cua budng khir ion.
[0071]

Nhu dugce thé hién trén FIG. 4, d9 dai cua cic tﬁng duoc chira trong buéng khtr
ion 23 theo chidu nudc chay c6 thé gibng nhau, nhung cting c6 thé khac nhau. Ngoai
ra, mic du sb luong cac ting 14 bén trén FIG. 4, nhung sb luong ny ¢6 thé 1a nam, sau
hodc nhiéu hon, theo nhu ching c6 thé duoc san xuat thuc té.

[0072]

Thiét bi EDI duoc thé hién trén FIG. 5 gidng voi thiét bi EDI dugc thé hién trén
FIG. 1, ngoai trir viéc trong budng khir ion 23, ting chét trao d6i anion duoc b tri thay
vi tAng dugc tron MB trén mang trao d8i anion 40 trén phia budng khir ion. Trong khu
vuc cua budng khir ion 23 trong d6 mang trao bi anion 40 khong ton tai theo chidu
nudc chay cua nudc can dugc xit Iy, ting duogc tron dugce bb tri tuong tu nhu phuong
4n duoc thé hién trén FIG. 1.
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[0073]

T 1a, trong phuong an nay, téng dugc trdn (MB) gém nhya trao ddi anion va
nhua trao di cation duoc bb tri trong khu vuc phia clra nap cua buéng khtr ion 23, va
tAng chét trao dbi anion (tAng gdm AER) duoc b4 trf trong khu vuc phia cira xa. Ttc 13,
tAng duoc tron va ting chét trao dbi anion xép thanh chdng timg cai mot theo chiéu

nuée chay trong budng khir ion 23.
[0074]

Trong thiét bi EDI theo sang ché, mang trao ddi ion trung gian (IIEM-
intermediate ion exchange membrane) ¢6 thé duoc bb tri ¢ gita mang trao ddi anion
trén phia andt va mang trao ddi cation trén phia catot trong mdi budng khit ion, va mdi
budng khir ion c6 thé duoc phan chia thinh budng khir ion nhé thit nht va budng khr
ion nhé thit hai bdng mang trao ddi ion trung gian. Cac budng khir ion nho thir nhét va
thr hai ¢6 thé duoc bd tri thong voi nhau, sao cho nudc can duoc xtr ly duoc cép vao
mot trong sb cac budng khir ion nho thir nhét va thr hai ndy, va nuéc chay ra ngoai
budng khir ion nhé nay chay vao trong budng khir ion nho con lai. Mang trao d6i anion
hodc mang trao dbi cation c6 thé dugc sir dung ldm mang trao ddi ion trung gian. Budng
khit ion nhé trén phia andt 1a budng khir ion nhé thir nhat, va budng khit ion nhé trén
phia catot 1a buéng khtr ion nhé thir hai. Vi du, buéng Kkhit ion nhé thir nhét duoc nap
Ay it nhit bing chét trao dbi anion, va budng khir ion nhé thi hai duge nap day it nht

bang chit trao ddi cation.
[0075]

FIG. 6 thé hién vi du vé thiét bi EDI trong do6 buéng khtr ion dugc phéan chia
thanh hai budng khtr ion nho bang mang trao ddi fon trung gian. Thiét bi EDI ndy c6
chu tao trong d6 mdi buéng khr ion 23 trong thiét bi EDI duoc thé hién trén FIG. 1
dugc phén chia thanh budng khir ion nho thir nhat 26 trén phia andt 11 va budng khir
ion nho th hai 27 trén phia catot 12 bang mang trao ddi ion trung gian 36 ma dwoc dit
& gilta mang trao d6i anion 32 va mang trao ddi cation 33. Budng khir ion nho thir nhat
26 duoc dit gitta mang trao dbi anion 32 va mang trao ddi ion trung gian 36, va budng
khtr ion nho thi hai 27 dwoc dit gitta mang trao ddi cation 33 va mang trao ddi ion trung
gian 36. Budng khir ion nho thir nhit 26 va budng khir ion nhé thir hai 27 thong véi

nhau sao cho nudc can duogc xir Iy duge cap vao budng khir ion nhé thir nhat 26 va
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nude nay chay ra ngoai budng khir ion nho thir nhét 26 chay vao trong budng khtr ion
nho tht hai 27.

[0076]

Budng khir ion nho tha nhét 26 dugc nap dAy bing nhwa trao d6i anion. Nhya
trao ddi cation duoc b tri trong khu vyc phia cira nap ciia budng khir ion nhé thir hai
27, va nhya trao doi anion dugc b tri trong khu vye phia ctra xa. Tuc 13, buéng khtr ion
nho thi hai 27 duoc bd tri tAng chét trao ddi cation va ting chét trao d6i anion theo thir
fw ndy doc theo chidu nu6e chay cta nude can duge xtt 1y, Nudce can dugc xir Iy duoc
chp vao budng khtt ion nhé thi nhét 26, nude xa ciia budng khir ion nho thi nhit 26
duoc ddy dén budng khir ion nho thir hai 27, va nudc khir ion thu duge tir budng khir
ion nho thit hai 27 1& nude duoc xtt Iy Do d6, budng khir ion 23 dugc nap day bang
tAng chét trao ddi anion va tang chat trao ddi cation theo tudn tu sao cho chit trao déi_

ion cudi cting, qua d6 nude can duoc xir Iy di qua sau cling, tré thanh chét trao dbi anion.
[0077]

Mang trao d6i anion 40, ma dwoc phan 16p trén mang trao dbi cation 33, dugc
bd trf trén phia catdt ctia tAng chit trao ddi anion dugc chtra trong budng khir ion nhod
thir hai 27. Mang trao ddi anion 40 khong dugc bd trf trén phia catdt ciia ting chét trao
d6i cation duoc chira trong budng khir ion nhé thir hai 27. C6 mdt khu vuc chong l4n
duoc dé cap ¢ trén (tie 13, khu vue clia bé mit phia budng khir ion ctia mang trao doi
cation 33, trong d6 mang trao dbi anion 40 dwgc phan 16p). Khu vuc chdng lin nay tiép
cin v6i phin diu cta mang trao di cation 33 trén phia ctra x4 clia budng khtr ion. O
day, cira xa cia budng khir ion I3 ctra xa ctia nudc duge xit Iy, va trong thiét bi ndy, nd

1& ctra x4 cua budng khir ion nho thi hai 27.
[0078]

Nhu duoge thé hién trén FIG. 6, cac do dai clia cac tﬁng dugc chira trong buéng
khir ion nho thit hai 27 theo chidu nudc chay c6 thé gidng nhau, nhung ciing 6 thé khac
nhau.

[0079]

Vi dy, mang trao ddi anion dugc sir dung lam mang trao d6i ion trung gian 36.
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[0080]

Trong thiét bi dugc thé hién trén FIG. 6, dong chdy cua nudc trong budng khir
ion nho thit nht 26 va dong chay clia nudc trong budng khir ion nho thit hai 27 tao ra
dong chay nguoc vai nhau. Tuy nhién, diéu nay khong bi giéi han, va cic dong chay

ndy c6 thé 1a cac dong chay song song.
[0081]

Nuéc can duge xtt Iy duge cp vao budng khir ion nhé thir nhat 26. Céc thinh
phén anion trong nude cdp can duge xtr 1y duge thu nap khi ching di qua budng khir
ion nhé thtt nhét 26. Cac thanh phan anion, ma dugc thu nap trong budng khir ion nho
thir nhit 26, di chuyén dén budng c6 dic 22, ma lién k& v6i budng khir ion nhé thir nhat
26, qua mang trao d6i anion 32, va duoc xa ra ngoai cing voi nude duoc ¢ dic di qua

budng cb dic 22.
[0082]

Tiép theo, nudc can duoc xir Iy, ma di qua budng khir ion nhé thi nht 26, dugc
cp vao budng khir ion nho thir hai 27. Nude, ma dugc cAp dén budng khir ion nhé thir
hai 27, d4u tién di qua ting chit trao doi cation va sau do di qua tAng chét trao doi anion.
Tai thoi diém ndy, cic thanh phén cation dwoc chita trong nude can duge xtr Iy duogc
thu nap khi nudc nay di qua téng cht trao dbi cation. Cu thé 13, cac thanh ph::in cation,
ma duoc thu nap bing chit trao ddi cation dugc chira trong budng khir ion nho thir hai
27, di chuyén dén budng cb dic 24, ma lién ké véi budng khir ion nho thir hai 27, qua
mang trao ddi cation 33, va dugc xa tir budng cd dic 24 ra bén ngoai cing véi nude

duoc co dac.
[0083]

Ngoai ra, nudc can duge xir Iy, ma di qua tAng chét trao ddi cation dugc chira
trong budng khir ion nhé thir hai 27, di qua ting chit trao ddi anion phia dudi. Tai thoi
diém nay, cac thanh phan anion trong nuéc can dugce xtr 1y dugc thu nap lai. Cu thé 13,
c4c thanh phan anion, ma dugc thu nap bing chét trao doi anion dugce chita trong budng
khir ion nhé thit hai 27, di chuyén dén budng khir ion nhé thir nhit 26, ma lién ké véi
budng khtr ion nho thir hai 27, qua méang trao dbi ion trung gian 36. C4c thanh phén

anion, ma di chuyén dén budng khir ion nhé thir nhit 26, di chuyén dén budng cd dic
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22, ma lién k& v&i budng khir ion nho thir nhét 26, qua mang trao ddi anion 32, va duoc

X4 ra ngoai cting véi nude duoc ¢b dic di qua budng cd dic 22.
[0084]

O day, gia dinh ring xuAt hién hién tuong khuéch tan, trong d6 cac thanh phan
axit yéu (bicacbonat, silic didxit hodc bo) dugc chira trong nudc duge cd dac trong
budng cb dic 24 di qua mang trao ddi cation 33 & dang 1 cac phén tr trung tinh va di
chuyén dén budng khtr ion nho thir hai 27.

[0085]

Céc thanh phan axit yéu, ma di chuyén tir budng c6 diic 24 dén budng khit ion
nho thi hai 27, khuéch tin mot cach ddng nhét trén bé mat phia andt ciia mang trao doi
cation 33. Tiic 1, cac thanh phan axit yéu ndy khuéch tin khong nhitng trén khu vuc
ctia bé mit cia mang trao dbi cation 33, khu vuc ndy tiép xtic véi mang trao ddi anion
40, ma con trén khu vuc cta bé mit cua mang trao ddi cation 33, khu vuc nay tiép xuc
voi tang chét trao ddi cation dugc chira trong budng khir ion nhé thir hai 27. Do céc
thanh phin axit yéu khong dugc thu nap bang chét trao ddi cation, nén cac thanh phan
axit yéu ma dwoc khuéch tan trén khu vuc ctia bé mit phia andt ctia mang trao ddi cation
33, khu vire nay tiép xitic voi ting chét trao ddi cation, di qua tang chit trao ddi cation
cting v6i nude can duoc xir Iy. Tuy nhién, trong budng khtr ion nho thir hai 27, ting
chat trao ddi cation va ting chét trao ddi anion xép thanh chdng doc theo chidu nudce
chay ctia nude can duge xit Iy Do d6, cac thanh phan axit yéu, ma di qua tAng chit trao
dbi cation, duoc ion hoa lai va dugc thu nap trong tﬁng chit trao ddi anion phia dudi,
va di chuyén dén budng khir ion nho thir nhit 26. Céc thanh phan axit yéu, ma di chuyén
dén budng khir ion nho thir nhét 26, di qua mang trao dbi anion 32, di chuyén dén budng
¢d ddc 22, va dugc xa ra ngoai ciing véi nude duge cd dic di qua budng cb dic 22.
[0086]

Nhu dugc mo ta & trén, trong phuong 4n ndy, ngay cé khi cac thanh phin axit
yéu di qua mang trao ddi cation 33, thi cac thanh phén axit yéu ndy d& dang duoc xa tix
buéng c0 dac 22 do c6 mat téng chit trao d6i anion phia dudi, va két qua 13, dé dang
ngin su suy giam do tinh khiét ctia nude duoc xir Iy, TAt nhién 13, ngoai ra trong phuong

an nay, cdc thanh phan axit yéu ma dugc khuéch tan trén khu vue cua bé mit cia mang
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trao doi cation 33, khu virc nay tiép xuc véi mang trao d6i anion 40, ¢é thé dugc loai bd

mot cach hidu qua khoi nudce can dugc xtt 1y bing mang trao dbi anion 40.
[0087]

T phin mé ta & trén, cAn hiéu ring tAng dudi cing cia chdng cac tAng chét
trao ddi ion duogc b tri trong budng khir ion, cu thé 14 trong budng khir ion nho thir hai
27, tdt hon Ia tﬁng chit trao ddi anion. Khéng co gidi han cu thé nao vé loai, thr fur xép
thanh chdng, va s6 lugng cAc ting cht trao ddi ion so voi phia trén (c4c) ting cia tAng
dudi cung nay.

[0088]

Trong thiét bi EDI theo phuong an hién tai, buéng khir ion nhé thix nhat 26, ma
nuée can duge xit Iy dau tién dugc cap, duoc nap diy bing chit trao d6i anion, va budng
khtr ion nhé tht hai 27, ma nuée can duge xir Iy dugc cip sau do, bao g0m ting chét
trao di cation va ting chét trao dbi anion ma duoc xép thanh chdng theo thir ty nay.
Do d6, nuéc can duoc xi Iy dau tién di qua ting chit trao ddi anion. Két qua 1a, cac
thanh phﬁn anion duoc loai bo khoi nude cin duoc xir Iy nay, va pH ctia nudc can dugc
Xu Iy tang.

[0089]

Ngoai ra, nudc can dugc xtr ly, ma di qua buéng khtr ion nhd thir nhét 26, duge
cap vio budng khir ion nho thir hai 27 trong d6 tAng chat trao ddi cation va tAng chét
trao d6i anion xép thanh chdng theo thi tu ndy. Ttc 13, nu6e can dugce xir Iy, ma di qua
ting chat trao d6i anion trong budng khir ion nho thir nhat 26, di qua tAng chit trao ddi
cation, va sau d6 lai di qua tAng chét trao ddi anion. Tém lai, theo cAu tao ctia phuong

an hién tai, nudc can dugc xtr 1y di qua cac tang chat trao doi anion va cation xen k&.
[0090]

O day, kha nang thu nap thanh phén anion ctia chit trao ddi anion tang khi pH
cta nude cn duge xi Iy thap hon, va kha ning thu nap thanh phén cation ctia chét trao
d6i cation tang khi pH ciia nuée can duoc xir 1y cao hon. Trong phuong an hién tai,
nuéce can dugce xi Iy diu tién di qua tAng cht trao ddi anion, va sau d6 di qua cac ting
chét trao ddi cation va anion xen k& Do do, theo ciu tao cua phuong an nay, pH cta

nuée can duoe xir Iy duge ting do céc thanh phan anion dugc loai bd bing cach di qua
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chat trao doi anion, va ke tiép, nudc nay di qua tang chat trao doi cation. Do d9, cac
phan g ctia chat trao d6i cation de loai bd cac cation la thudn tién vai mirc d6 1on hon

so vo1 truong hop thong thuong.
[0091]

Ngoai ra, pH ctia nude can dugc xir Iy duwoc giam do cac thanh phén cation
dugc loai bo bang cach di qua tAng chit trao ddi cation, va ké tiép, nude nay di qua tang
chét trao di anion. Do do, cac phan tng cta chét trao dbi anion dé loai bo c4c anion Ia
thun tién & mtc do 16n hon so vai truong hgp thong thuong. Do d6, khong nhitng kha
ning loai bo cac thanh phan anion ma bao gdm axit cacbonic, silic didxit va bo dugc
cai thién thém, ma con cai thién kha ning loai bo céc thanh phan cation. Két qua 14, do
tinh khiét ctia nude duoe xi Iy con duogc cai thién.

[0092]

Nhu duoc mé ta & trén, tot hon [ st dung cac téng chit trao ddi cation va anion
xen k& theo tudn tir sao cho chat trao ddi ion cudi ciing, qua d6 nude cin duge xi ly di
qua sau cung, tré thanh chat trao d6i anion. Piéu ndy ding khong nhitng véi cu tao
dugc thé hién trén FIG. 6, ma con véi cac cdu tao duge thé hién trén FIG. 3 va FIG. 4.
Vi du thue hién sing ché
[0093]

[Vidul]

Nudée can duoc xi Iy duoc xir Iy bang cach sir dung thiét bi EDI ¢6 cdu tao
dugc thé hign trén FIG. 6 dé thu duoc nude duge xir Iy (nude khir ion). Pic diém k§
thuat va cc diéu kién thir nghiém ctia thiét bj EDI nay duoc thé hién dudi day.

[0094]

Pac diém k¥ thuat va cac didu kién ctia cic buéng cO dac 22 va 24 la chung cho
nhau, va dic diém k¥ thuat va cac diéu kién vé nudce ¢o dac thu duoc tir cac buéng nay
1a chung cho nhau. Budng andt 21 va phan (khu vire phia cira nap) budng khir ion nhé
thi hai 27 duoc nap ddy bang nhia trao ddi cation (CER) thong thudng, Budng catot
25, céc budng co ddc 22 va 24, budng khir ion nho thir nhit 26, va phan con lai (khu

vuc phia cira x&) ciia budng khir ion nho thi hai 27 duoc nap diy bing nhua trao ddi
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anion (AER) thong thuong. Cic mang trao ddi cation 31 va 33 1a chung cho nhau, va

cac mang trao d6i anion 32 va 34 va mang trao ddi ion trung gian 36 1a chung cho nhau.
[0095]

Phén mo ta sau ddy "d6 dai" lién quan dén chidu doc (chiéu doc theo chidu dong
chdy ctia nuée) trong hinh v&, va cach dién dat "d6 rong" lién quan dén chidu sau trong
hinh ve.

» S6 lugng cac bo pin (N): 1
» Budng andt 21: dai 100 mm x réng 100 mm x day 10 mm, duoc nap bing CER
» Budng catdt 25: dai 100 mm x rong 100 mm x day 10 mm, dwoc nap bang AER

» Céc budng ¢d dic 22 va 24: dai 100 mm * rong 100 mm x day 10 mm, dugc nap bang
AER

« Budng khir ion nhé thir nht 26: dai 100 mm x rdng 100 mm x day 10 mm, dugc nap
biang AER

° Bué)ng khtr ion nho thir hai 27: dai 100 mm X rong 100 mm x day 10 mm, dugc nap
bang CER (m6t nira khu vuc trén phia ctra nap) va AER (mdt ntra khu vyce trén phia
cla xa)

» CER: nhua trao doi cation co tinh axit manh

» AER: nhua trao d6i anion c6 tinh bazo manh

« C4c mang trao doi cation 31 va 33: mang ddng nhét, dai 100 mm xrong 100 mm, day
290 pm (kich thuéc mang hiéu qua & phan dong dién chay qua)

» Céc mang trao d6i anion 32 va 34 vi mang trao ddi ion trung gian 36: mang ddng nhit,
dai 100 mm xrdng 100 mm, day 220 um (kich thuéc mang hiéu qua & phan dong dién
chay qua)

* Mang trao d6i anion 40: mang dong nhét, dai 50 mm x rong 100mm, day 220 pm

(kich thuéc méang hiéu qua & phan dong dién chay qua)

* Nudc cap va nude can duoge xt Iy: nude tham qua RO (mang tham thau nguoc) hai

1an di qua, d6 din dién 14 2,0 dén 2,5 pS/cm

» Tc 46 dong chéy clia nude duge xi Iy (nude khi ion): 25 L/gid
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* Toc d6 dong chdy ctia nudc dugc cd dac: 6 L/gio

» To¢ @6 dong chiy ctia nu6c dién cuc: 5 L/gior (chung cho anbt va catdt)
* Dong dién DC dugc st dung: 0, SA.

[0096]

Mang trao ddi anion thi hai 40 dugc bd tri trén phia catdt cua ting nhua trao
d6i anion ma dugc tao ra trong mot nira khu vuc trén phia clra xa cta buéng khtr ion
nho thtr hai 27. Tai thoi diém nay, vi tri diu cia mang trao dbi cation 33 trén phia cira
x4 ctia budng khir ion (ddu phia trén theo chidu doc trong hinh v&) va vi tri dau ctia
mang trao d6i anion 40 trén phia cira xa ciia budng khir ion duoc cian thang hang. Ngoai
ra, vi tri clla mang trao déi cation 33 theo chiéu ngang (chiéu sau trong hinh v¢€) va vi

tri clia mang trao d6i anion 40 theo chiéu ngang dwoc can thang hang.
[0097]
[Viduso sanh 1]

Mang trao d6i anion 40 khong duoc st dung. Ttc 13, chi mang trao ddi cation
33 dugc sir dung & giita budng khir ion nho thir hai 27 va budng c6 dic 24. Ngoai trtr
didu nay, nudc can duge xt ly duoce xtr 1y theo cach twong tu nhu trong Vi du 1 dé thu
duge nude duge xu ly.
[0098]

[Viduso sanh 2]

Thay vi mang trao dbi anion thir hai 40, ming trao ddi cation duoc sir dung.
Mang trao d6i cation niy 1a mang c6 cling chét liéu va do day nhu chat lidu va do day
clia cdc mang trao ddi cation 31 va 33 ma duoc str dung trong Vi du 1, va d6 dai, do
rong va vi tri cia nod giéng nhu do dai, do rong, vi tri cia mang trao dbi anion thtr hai
40 ma duoc str dung trong Vi du 1. Ngoai trir diéu ndy, nude cin duge xt Iy duoc xi

Iy theo cach tuong tw nhur trong Vi du 1 ¢ thu duoc nude duoc xit Iy.

[0099]
[Panh gia 1]
Dbi v6i mdi trong s6 Vidu 1 va cac Vi du so sanh 1 va 2, sau khi thue hién van

hanh lién tuc trong khoang 500 gid, ndng d6 cta toan bd axit cacbonic trong nude dugc
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xtr 1y (tong ndng do ctia CO,, HoCOs, HCO5 va COs>) duge do, va sudt dién tré clia
nude duoc xtr Iy duoc do. Cac két qua nay dugc thé hién trén Bang 1. N(‘?)ng dd ctia toan
b0 axit cacbonic dugc sir dung lam chi s6 chi bao né)ng d6 cua axit cacbonic ma khuéch
tan tir budng co ddc dén budng khir ion va sau d6 bi ro i vao trong nudc duoc xur [y ma
khéng dugc loai bo. Gid tri cua suét dién trd duoc st dung 1am chi s6 vé d6 tinh khiét
cua nude duge xur 1y trong d6 khong nhitng axit cacbonic ma con cac ion khic duogc
tinh dén.

[0100]

Trong Vi du 1, khi so sanh v&i cac Vi du so sanh 1 va 2, su ro ri axit cacbonic

1a nho va do tinh khi€t ctia nude dugc xur 1y 1a cao.

[0101]
Bang 1
Vidyl | Vidusosanh 1 | Vidusosanh 2
Toan b axit cacbonic
[1eCO/L] <0,5 56,8 35,2
Sudt dién tré [MQecm] 17,7 8,0 8.3
[0102]
[Vidu2]

Nude can duge xtt Iy duoc xir ly theo cach tuong tu nhu trong Vi du 1 ngoai
trir viée cac diéu kién dugc thay d6i nhu duge md ta dudi day dé thu duoc nude duoc
xu ly.

» Nude cap va nude cn duge xir Iy: nude thim qua RO (mang thim thdu nguoc) hai
lan di qua, d6 din dién 1a 4,0 dén 4,5 pS/cm
* Dong dién DC duogc st dung: 1, OA.
[0103]
[Vidu 3]

Mang trao doi anion di thé duogc sir dung 1dm mang trao ddi anion thir hai 40.
D9 dai, do rong va vi trf ctia mang trao déi anion (dj thé) nay gidng nhu do dai, do rong

va vi tri ctia mang trao d6i anion thir hai 40 ma dugc st dung trong Vi du 2. B§ day cta
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mang trao doi anion (di thé) 1a 580 pum. Ngoai trir diéu nay, nudc cin duge xit Iy duoc

xu Iy theo cach twong tu nhu trong Vi du 2 dé thu duoc nude duoe xur ly.
[0104]
[Vidu so sanh 3]

Thay vi mang trao di anion thi hai 40, mang ludng cuc dugc stt dung. Do dai,
do rong va vi tri ciia mang ludng cuc nay giéng nhu d¢ dai, do rong va vi tri cua mang
trao d6i anion thir hai 40 ma duoc st dung trong Vi du 2. Mang ludng cuc niy dugc bd
tri sao cho phin mang trao ddi anion ctia n6 ddi dién v6i budng khtr ion nhé thir hai 27.
Mang ludng cuc nay c6 tong do day Ia 220 pm bao gdm phin mang trao ddi anion va
phan mang trao ddi cation. Ngoai trir didu ndy, nude can duoc xir Iy duoc xt Iy theo
cach twong tu nhu trong Vi du 2 dé thu dwoc nude duoc xir ly.

[0105]

[Déanh gia 2|

O mdi trong s6 cac Vidu2 va3 va Vi du so sanh 3, sau khi thue hién van hanh
lién tuc trong khoang 500 gid, néng d6 ctia toan bd axit cacbonic, suét dién trd va né)ng
dd natri trong nudce duoc xtr Iy duoc do, va dién ap (dién ap ¢ gitta andt 11 va catdt 12)
va hé s6 phan bd dong dién duoc do. Cac két qué nay duoc thé hién trén Bang 2. Trong
bang nay, "hé s phan bb dong dién trén" va "hé s§ phan bd dong dién dudi" duoc xéc
dinh, mdt cach twong ung, 1a nhu sau.

(hé s6 phan bd dong dién trén) = (gid tri dong dién di qua khu vuc trong d6 mang trao
61 anion thir hai 40 hoic mang ludng cuc duge lap) / (tong gia tri dong dién),

(hé s6 phan b6 dong dién dudi) = (gid tri dong dién di qua khu vuc cia mang trao ddi
cation 33 trong d6 mang trao dbi anion thtr hai 40 1An mang ludng cuc khong chdng 1én
nhau) / (tong gi4 tri dong dién).

[0106]

Hé sb phéan bb dong dién thu duoc béng c4ch chia tAm catot, ma dugc st dung
1am cat6t 12, thanh hai phan twong ting véi cdc khu vire dugc dé cap & trén theo chiéu
doc, do céc gia tri cua cac dong dién di qua cac tAm catot phia trén va phia dudi, mét

cach twong ting, bang cach sir dung ampe ké, va tinh toan hé sb gifta mdi gia tri dong
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dién trén tong gi4 tri dong dién dugc st dung.
[0107]
Trong Vi du 2, khi so sanh vai Vi du so sanh 3, chénh 16ch giita hé sb phan bd

dong dién trén va hé s6 phan bd dong dién dudi 1a nho, ndng do natri trong nude duge
xtr Iy 14 thép, va suat dién tr& ctia nude duge xtr 17 14 cao. Tt 14, trong Vi du 2, khi so
sanh v&i1 Vi du so sanh 3, lugng dong dién dugc phan b6 dén tﬁng nhua cation duogc
chtra trong buéng khtr ion cang lon, thi cang thu dugc sy loai bo cac cation t6t hon, va
6 tinh khiét ciia nude duge xi Iy 1a cao hon. Trong Vi du 3, cac xu hudng nay con
dugc gia tang, néng dd natri trong nudc dugce xtr 1y 1a thép, va suét dién tré cta nudc
duoc xtr Iy 14 cao nhat. Didu nay c6 thé 14 do, nhu dugc mo ta & trén, mang di thé c6
khu vuc riéng bat hoat trong d6 khéng c6 nhém trao ddi ion, va do d6 phan Ung phan
ly nudc hau nhw khéng dién ra, va do d6 ¢6 thé duoc ngin duoc nhiéu hon su tap trung

cta lwu lugng dong dién trén phan phia trén.

[0108]
Bang 2
Vidu2 | Vidyg | '-duso
7 sanh 3
Tong axit cacbonic [ugCO,/L] <0,5 <0,5 <0,5
Suét dién tré [MQecm] 15,0 15,7 13,6
Na [ug/L] 3,1 24 53
Dién 4p [V] 8,6 10,5 8,5
Hé s6 phan b6 dong dién trén 60% 52% 70%
Hé s6 phan bd dong dién dwdi 40% 48% 30%
[0109]

Trong cdu tao theo sang ché, khi nude cin duge xt Iy dugc chira trong budng
khtr ion di vao mit phan cach & gitta mang trao di cation 33 va mang trao dbi anion -
40, cac thanh phén axit yéu dugc chira trong nudc can duoc xir Iy dé dang duoc loai bo
khoéi mit phan cdch qua mang trao d6i anion 40. Mit khac, & cAu tao trong d6 mang
ludng cuc dugc sir dung thay vi mang trao ddi anion 40 nhu trong Vi du so sanh 3, khi
nuée can duoc xir 1y dugc chira trong budng khtr ion di vio mit phan cach & gilta mang
trao d6i cation 33 va mang ludng cuc ndy, kho loai bo cac thanh phin anion dugc chia

trong nude can dugc xir Iy khoi mit phan cach. D6 1a do su di chuyén coa céc thanh
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phan anion b1 cin boi cd hai mang trao doi cation 33 va phan mang trao doi cation cia
mang ludng cuc. K&t qua 1, cac anion 10 ri vao trong nudc duge xur 1y, dan dén lam

giam chit lugng ctia nude.
[0110]

Vi dy, nhu dugce thé hién trén FIG. 10(b), khi cac anion va cac cation (duoc goi
1a "C*A™ trong hinh v&) di vao mit phan cach & giita mang trao ddi cation 33 va mang
trao dbi anion 40, cac anion (duoc goi 1a "A™ trong hinh v&) di chuyén qua mang trao
d6i anion 40 dén budng khir ion 23 va d& dang duoc thu nap trong nhya trao ddi anion
bén trong budng khir ion 23. Céc cation (duoc goi 1a "C™ trong hinh v&) duoc loai bo
khéi mit phan cach qua mang trao ddi cation 33. Mt khac, nhu dugc thé hién trén FIG.
10(a), & cau tao trong d6 mang ludng cuc 50 duoc sit dung thay vi mang trao d6i anion
40, c4c cation (C*) dugc loai bo khoi mit phan cach & giita mang trao doi cation 33 va
mang ludng cuc 50 qua mang trao ddi cation 33, nhung céc anion (A") khong thé di qua
mang ludng cuc 50 1An mang trao dbi cation 33. Két qua 1a, vi du, cac anion duoc xa tir
phén d4u (d4u phia trén theo chidu doc trén FIG. 10) cua mat phan cach, va ro ri vao

trong nudce duge xu ly.

Danh muc céc ky hiéu trich dan

[0111]

11 Anot

12 Catot

21 Budng andt

22,24 Budng cb dic

23 Buéng khtr ion

25 Budng catbt

26 Budng khir ion nho thir nht
27 Budng khir ion nho thit hai
31,33 Mang trao ddi cation (CEM)

32 Mang trao ddi anion thir nhat (AEM)



34
36
40
50

51
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Mang trao ddi anion (AEM)

Mang trao d6i ion trung gian (IIEM)
Mang trao dbi anion tha hai (AEM)
Mang ludng cuc

Nhura trao do1i anion
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YEU CAUBAO HQ

1. Thiét bi khir ion bang dién ding dé san xuit nu6c khir ion bao gdm it nhat mot
bd xur ly khtr ion dugc b6 trd & gilra catdt va anot ma dbi dién v6i nhau,

bo xir Iy khir ion bao gdbm budng khir ion dugc nap ddy it nht bing chét trao

doi anion va mot cap budng co dac lien ké vi ca hai phia ctia buong khtr ion nay,

budng khr ion lien ké vo1 mot buong cd dac tir trong s6 mdt cap buong cd dac

qua mang trao doi cation, mét buong cd dac nay dugc bo tri trén phia catdt, va

buong khtr ion lien ké véi buong cd dac con lai tir trong s6 mot cap budng cd
dac qua mang trao doi anion thtr nhat, buong c6 déac con lai nay dugc bo tri trén phia

andt, trong do

mang trao d6i anion thr hai dugc phén 16p trén khu vuc riéng cia bé mit phia
budng khir ion clia mang trao ddi cation, lam than tach rdi khoi mang trao ddi cation

nay, va

chét trao d6i anion tiép xtc it nhit vi phan 14 bé mat phia budng khir ion ctia
mang trao d6i anion th hai,
2. Thiét bi khir ion bang dién ding dé san xudt nude khir ion theo diém 1, trong
d6 khu vire riéng ctia bé mit phia budng khir ion ctia mang trao ddi cation bao gdm khu

vue ma tiep can voi dau ctia mang trao doi cation trén phia ctra xa cuia budng khir ion.

3, Thiét bi khir ion bang dién ding dé san xuét nu6c khit jon theo diém 1 hoac 2,
trong d6 budng khir ion bao gdm mdt hodc nhiéu tAng chét trao ddi anion, ma 1a céc
tAng chita chit trao ddi anion, va mot hodc nhidu tAng chat trao ddi cation, ma 1a cac
tAng chita cht trao ddi cation, theo tudn tur sao cho cht trao ddi ion cubi cung, qua do

nudc can dugce xur 1y di qua sau cung, trd thanh chat trao doi anion.

4. Thiét bi khir ion bing dién ding dé san xuAt nuéc khir ion theo diém 3, trong
do

budng khir ion dugc bd tri ting chit trao ddi cation thir nhét, ting chét trao ddi
anion thir nhat, tAng chit trao ddi cation thi hai, va ting chét trao ddi anion tht hai theo

thir ty ndy doc theo chiéu di qua ciia nu6c can duoc xit Iy,

mang trao do61 anion thtr hai dugc bo tri trén moi trong sd phia catdt clia tang
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chét trao d6i anion thir nhat va phia catot ciia ting chét trao ddi anion thir hai,

mang trao d6i anion thir hai khong duoc b6 tri trén phia cat6t ciia ting chét trao

ddi cation thr nhit 1n trén phia catot cta tAng cht trao ddi cation thir hai.
5. Thiét bi khi jon bang dién ding dé san xudt nudc khi ion theo diém 3, trong
do

budng khir ion duoc bé tri mang trao d6i ion trung gian ma 13 mang trao ddi ion
dugc b tri ¢ gitta mang trao dbi anion thir nhit va mang trao dbi cation, va budng khir
ion nay dugc phan chia thinh budng khir ion nhoé tht nhét va budng khir ion nhé thix
hai bing méng trao ddi ion trung gian,

budng khir ion nhé th nhit dugc b tri & gitta mang trao di anion thir nhit va
mang trao ddi ion trung gian,

budng khir ion nhé thir hai dugc bd tri & gitta mang trao ddi cation v4 mang trao
ddi ion trung gian,

budng khir ion nho thir nht va budng khtr ion nho thir hai thong v6i nhau sao
cho nudc can duge xit Iy duge cip vao budng ki ion nho thir nhit va nuée nay chay
ra ngoai budng khir ion nho thir nhat chay vao trong budng khir ion nhé thir hai,

budng khir ion nhé thir nhét duoc b tri ting chit trao ddi anion,

budng khir ion nhé thir hai dugc bé tri ting chét trao dbi cation va ting chét trao
ddi anion khac theo thi tur nay doc theo chiéu chay ctia nude cin duoc xit Iy,

mang trao doi anion thir hai dugc b tri trén phia catdt cia ting chét trao ddi
anion duoc bd tri trong budng khir ion nhé thir hai, va

mang trao dbi anion thir hai khong dugc b tri trén phia catot ciia tAng chét trao
d6i cation dugc bd trf trong budng khir ion nhd thit hai.
6. Thiét bi khir ion bing dién ding dé san xuit nuéc khir ion theo diém bét ky
trong s6 cac diém tir 1 dén 5, trong d6 cip budng cb dic duoc nap ddy it nhit bing chit
trao d6i anion.
7. Thiét bi khir ion bing dién ding dé san xuit nuéc khir ion theo diém bét ky
trong s cac diém tir 1 dén 6, trong d6 méang trao d6i anion th hai 1a mang di thé va

mang trao d6i cation 1 mang dong nhat,
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FIG.2
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FIG.3
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FIG.4
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FIG.5
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FIG.6
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