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TOM TAT

Nhuyra trao ddi ion trén co s& poly styren dugc sunfo hda tao thanh vit liéu trao dbi cation
dang R-SO;Na (Lewatit Mono SIUB} d3 dugc nghién ciru 1am mém nudc. Cac két qua nghién
ctru di chi ra dung lugng trao d6i bao hoa tinh theo mé hinh ding nhiét hap phu Langmulr trén
vit liéu Lewatit Mono 5108 dat twong l.mg 239,09 mg/g va 185,19 mg/g doi vai Ca**, Mg, Da
xac dinh dung lugng trao d6i cation Ca®’, Mg™" trén c6t, dung lm;mg trao doi catmn toan phan
cua vit liéu Lewatit Mono S108 dat tuong img 176 mg/g, 172 mg/g va 169 mg/g dbi vdi dung
dich ri€éng ré cua cation Ca™, Mg®" va tong cac cation tuong Ung trong nudc may. C{;}t trao doi
bao hoa dugc tai sinh hang dung dich nuée mubi bién, sau tai sinh dung lugng trao ddi van hanh
trén cot cho qua trinh lam mém dat ~97 mg/g.

Tir khoa: Lewatit mono S108, lam mém nudc, dung lugng toan phan, dung lugng van hanh.

1. MO DAU

Mot trong nhirng ng dung phd bién nhat cua vat liéu trao ddi ion 1a xir i nuéc dé udng,
lam nuée cap (thuong mai, cong nghi¢p va dan cu) va xir li nude thai. Trao doi ion c6 thé lam
mém nudc, khir ion va c6 thé con dugc sir dung trong viéc khir mudi. Qaa trinh xir 1i nude bﬁng

trao ddi ion ¢6 céc vu diém nhu: qua trinh vin hanh don gian, hiéu qua xir li cao, chi phi vén
hanh va tai sinh thap [, 2]

Trong s6 cac chat hoa tan trong nudc, thudmg thay nhat la tdng cimg, gém cic thanh phin
chi yéu canxi va magié hoa tan trong nude. Cac ion ndy cé thé nhan blet dugc khi hinh thanh
c&n bam cyc b trong céc thiét bj dun soi, giy thiét hai cho dudng 6ng, ndi hoi va that thoat nang
ugmng khi sir dung. Lam "mém" nudc “r::u'ng“ bing cach thyc hién mét qua trinh trao doi giira

cac catmn cimg (Ca’* va Mg”*) voi mét s cation khac khong hinh thanh can bam bai kha ning
hoa tan tot trong nudc nhur 13 ion K*, Na’ [3].

Bai bdo nay trinh bay mét sd két qua danh gia dung lugng trao d6i, hiéu suit van hanh va
tai sinh ciia nhya Lewatit Mono S108 dugc ap dung trong qué trinh lam mém nuéc,
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Nghién ciru loai bé cation Ca”", Mg®" tir dung dich béng nhira trao d61 ion lewatit mono S108

2. THUC NGHIEM
2.1. Héa chat vat tw

Ciac hoa chat c6 d6 sach phan tich: Ca(NOs),, Mg(NO;),, EDTA, NH,OH, NH(CI,
Mn(NO;),, Fe(NOs);, KCI, NaCl, ETOO, mudi bién. Nhya trao ddi cation Lewatit mono S108
nguyén sinh cua Hang Lanxess (vat li¢u S108) [5].

May khudy tir IKA (Dirc), can phan tich. Cée, binh tam gidc, pipet, buret thuy tinh cac loai.
Nudc khir ion duge sir dung cho cac thi nghiém.

2.2. Phuong phap phan tich

Xac dinh tong m.mg cia mau nudc bang phuong phap chuan dé tao phic EDTA véi chat
chi thi ETOO trong méi truong pH = 10 (vdi mau nudc c6 mat cac cation nhu sit, mangan can
loai bo anh hudng trudce) [4].

2.3. Quy trinh xdc dinh dung lirgmg trao ddi cuc dai trén vit liéu S108

Thi nghif;rn trao ddi dugc tién hanh khi khllﬂ}' tron lien tuc 100 ml dung dich c6 chira Mg :
Ca® ¢ nnng d6 ban dau C, trong khoang 880 - 35.000 mg/l voi 1 g vat li¢u S108 trong thoi gian
dat cin bing trao doi. Sau do, loc phan dung dich dé xac dinh nong d¢ cation con lai C¢ (mg/l) va
dung lugng trao doi bio hoa cation qy, (mg/g).

Xéac dinh dung lugng trao doi trao ddi cuc dai d6i vai Mg®", Ca’* tir dung dich theo md
hinh hap phu dang. nhiét Langmuir [6]. Dung lugng trao doi cyc dal duoc xac dinh bing phl.mng
trinh hoi quy tuyén tinh (y = ax+b) la sy nrong quan giira cac s liéu thyc nghiém C; va Cdqy,
trén do thj, dung lugng trao d6i cuc dai dugc tinh theo cong thirc: a = 1/qua..

2.4. Quy trinh trao doi va tai sinh vit liéu S108 trén cgt
Cot trao ddi ion (Hmh l) la mot ong thay tinh co duung kmh 1 ¢cm c6 chira 10 g vat liéu

S108 (Hmh k) Bau trén ndi véi binh dung dung djch nudc cimg can xir li, dau dudi ndi vai van
cd thé dieu chinh toc d¢ dong.

Hinh . Cot trao d6i cation 1am mém nudc.

Dung lugng trao doi toan phan Ca , Mg®" tir dung dich va dung lugng trao ddi toan phan
tanzg cimg tir nwoc may trén ¢t duge tién hanh bang cach cho dong dung dich chua cation Mg”’,

(440 mg/l ), tong cung (66 mg/l) chay qua cot chira thé tich vat liéu S108 (tnc d¢ dong trao
dm 25 ml/phit). Qua trinh trao ddi lién tuc cho t&i khi cot dat bao hoa. Phin tich tong cimg trong
50 m] dung dich méi lan chay qua cot.
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Qua tnnh tai sinh dugc tién hanh khl cot trao d6i dat bo hda. Chat tai sinh duge sir dung Iﬂ
dung dich mum bién NaCl 23,08 % c6 tong cing dat 22 500 mg/l, qu trinh tai sinh va trao doi
cung dung, téc dd dong tai sinh 5 ml/phut. Phén tich tong cimg trong 10 ml dung dich tai sinh

chay mdi lan qua ct.

Dung Iuo'ng trao d6i vén hanh la lwgng trao doi tong cimg ciia ¢t sau moi lan cdt duge tai
sinh, nudc cap duge sir dung 1am mém trén cdt cé dd cimg 66 mg/|.

3. KET QUA VA THAO LUAN
3.1. Xac dinh dung luong trao ddi cuc dai cation Mg** va Ca®™ trén vit liéu S108
3.1.1. Phdn loai mude cung, do cung

Pé xac do cimg cua nudc, nung d6 cation kim loai trong nudc thuong duge quy ddi ra tong
cimg (mgCaCO;/ht) Viéc quy do6i nay phu thude vau khoi Iucmg nguyen tor va hoa tri cua
cation, nhu v&i ndng do 10 mg/L cia cac cation Mg** va Ca** dugc quy doi tuong tmg 24,97
mgCaCQOy/L va 41,15 mgCaCO,y/L.

D§ cimg ciia nude 6 thé dugc phan loai theo tong cimg (Bang 1). Tiy theo cac yéu cau vé
d6 cirg cia nudc trong sinh hoat va trong cong nghiép tuong ing ma qua trinh lam mém nudc
dugc dp dung van hanh.

Bang 1. Phan loai nudc cimg theo d§ cimg.

Phén loai Nudc sinh hoat (mg/l CaCO;) Nudc cong nghiép (mg/l CaCO;)
Nuéc mém 0-75 0-50
Nudc cimg nhe 76 - 150 51-100
Nuédce cimg 151 - 300 101 - 150
Nudc rit cimg >301 > 151

3 1 2. Anh huomg thoi gian va su ¢é mdt mgt s6 cation dén hi¢u sudt trao doi trén vét ligu S108

Sy a:nh hl.mrng cia thoi gian va mét so cation trong dung dich den hiéu suat trao ddi cation
Ca”, Mg (nong do ban dau, C, = 880 mg/l) tron qua trinh Iﬁm mem nudc trén vat liéu S108
dugce tién hanh, trong khao sat nay qua trinh trao doi cation Ca** dugc chon dé thi nghiém.

Anh hu:mg cua theo thdi gian dén h:f;u sudt trao dm cation Ca”>" duge dugc thé hién trén
hinh 2a. Két qua cho thdy, qua trinh trao déi ion xay ra rat nhanh va dat cn bing sau thdi gian
20 phit. Do vay, dé tinh dung lugng trao déi bdo hoa cua vat liéu S108 déi véi M ggz* Ca™, thoi

gian phan ( tmg dugc chon la 20 phat (thoi gian cin bang phan img cua cation M cling tuong
ti cation Ca’").
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Nghién ctru loai b6 cation o Mgz' tir dung dich bdng nhira trao doi ion lewatit mono S108

lﬂ'ﬂ'] 100 ~
i S8 86
j o
e 3
£ | 3
Ogp - Tw
k= 2
|u =
- ik
- 51 25 k|
- ! Iy
lgm-l %w
T
Iﬂ*l 20
u T T T T 1 o - - -
0 5 10 15 20 25 30 L NHa* Mn®
Thési man phin ung {phut} Anh hudmg clia mdt s& cabion

(a). Anh huéng cua thai gian (b). Anh huéng cia mét s6 cation
Hinh 2(a, b). Anh hudng cua thoi gian va sy c6 mat ciia mot s6 cation dén hiéu suat
trao doi trén vat liéu S108.

Ket qua anh hm:mg ctia mdt sb cation khac co mat trong dung dich nhu la K*, NH,", Mn®,
* @én hiéu suat trao doi cation Ca®* trén vat liéu S108 dugc thé hién trén Hmh 2b. Hinh 2b
chn thay, sir c6 mit cua céc cation khac (4 cimg quy dbi C, = 880 mg/1) déu lam giam hiéu suit
trao ddi cation Ca®*, hiéu suit trao dbi cua vat liéu giam dan theo thi tu cac cation K* <NH," <
Mn®* < Fe’*. Sy anh hudng nay ciing dugc Kunin va Miyers [7] giai thich 1a do phan img trao
ddi cation Ca’* trén vat liéu S108 bj canh tranh, thay thé bdi céac cation khac c6 ai luc manh hon.

3.1.3. Dung heong trao doi cuc dai cation Ca’ ', Mgz " trén vat lieu S108

Két qua khao sat anh hudng cua nong dd ban dau cia cation Ca’’, Mg®" dén dung lugng

trao doi bio hoa trén vat li¢u S108 dugce thé hién trén Bang 2.

Bang 2. Dung lugng trao ddi bao hoa cation Mg”", Ca’ trén vét liéu S108 theo néng d6 ban dau.

D6i vdi cation Ca** Doi vdi cation Mg**
C.(mg/l) | Ce(mg/l) | qu(mg/g) | C/(mg/) | Ce(mg/!h) | quu(mg/g)
880 10 87,0 880 8 87.2
1.760 320 144,0 1.760 250 151,0
3.520 1.860 166,0 3.520 1.870 165,0
7.040 5.225 181,5 7.040 5.275 176,5
17.600 15.259 2350 17.600 15.750 185,0
35.200 32.850 235,0 35.200 33.500 185,0

Két qua tinh toan va biéu dién trén Hinh 3(a, b) cho thy, cac két qua thuc n

1I€ém mo ta

phu hop vm mo hinh Langmuir va cho dung lugng trao d6i cuc dai theo mé hmh doi vé cation
Ca’ va Mg’ tuong img dat 238,09 mg/g va 185,19 mg/g. Dung lugng trao dbi cuc dai cla vit
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liéu S108 d6i vai cation Ca’* cao hon cation Mg®* 14 do ai lyc clia cation Ca®* manh hon cation
Mgz+. ll
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Hinh 3(a, b). D4 thj biéu dién sy phy thudc C¢/qy, vao Cy cita cation Ca?*, Mg?’.
3.2. Qua trinh trao d6i cation Ca®, Mg"" ciia vt liéu S108 trén cdt

3.2.1. Xde dinh dung lieomg trao doi toan phan cation Ca’* va Mg?' trén cét

Trong qua trinh 1am mcm nudc thong mubng, mét cot nhoi thé tich vat ligu S108 dugc sir i)
dung. Khi ¢t hoat ﬁong, tung cung (Mgz Ca’") trong nudc sé lién tuc tlﬂp xuc vai cic lcrp vat
héu tai d6 nude cimg co nnng do tnng cung giam s€ luén dugc tlep xuc v&i 16p nhya mai dé
thiét lap can bang theo chiéu hudng giam do cimg.

Két qua qua trinh chay c{t trén vt ligu S108 doi vdi timg cation Ca®', Mgz" riéng ré (C, =
440 mg/l) dugc thé hién trén Bang 3. Tinh toan, x4c dinh dung lugng trao ddi toan ph gﬁn cation
£a Mg cua vat liéu S108 trén cdt.

Bdng 3. Két qua trao ddi cation Ca**, Mg®* trén cét.

TT D6i véi cation Ca” | D&i véi cation Mg?
1 VI | C(mg/) | V(D Cr (mg/l)
2 1,6 0 1,60 0
3 2,0 I 1,70 1
4 2.2 3 2,10 2
5 23 10 2,50 5
6 3,0 20 3,00 18
7 3,5 55 3,80 89
8 4,0 384 4,20 243
9 4,8 440 4,60 440
VT hés 2,85 108 2,65 99 é
T
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Dung lugng trao déi toan phan cation Ca’’ trén toan cdt = {4,8 x 440 - 2,85 x 108 - 0,05 X
(1+5+10+20 + 55 + 384 + 440)} = 1.759 (mg). Dung lugng trao doi toan phan cation Ca*’
cua vat liéu S108 trén cot = 1.759/10 = 176 (mg/g). Tuong ty, dung lugng trao ddi toan phan cua
vit liéu S108 dbi véi cation Mg®* trén cot dat 172 mg/g.

Tir cac két dung lrgng trao ddi toan phan cation Ca™ , Mg®" ciia vat liéu S108 cho tha}' kha
ning trao ddi rat tot cation Ca’’ l‘vlg2 kha nang trao ddi cation Ca** cao hon cation Mg’* trén
vat liéu S108. Vit liéu S108 cé tiém nang img dung lén trong qua trinh lam mém nudc.

3.2.2. Xdc dinh dung lieong trao doi toan phan lam mém nudc, hi¢u sudt tdi sinh

Ngual kha néng lam mcm nuac cot n‘an ddi con c6 kha ning loai bo cation kim loai néng
khic & ndng do thdp nhur Fe'* Fe , Mn®" c6 ham lugng < 1 mg/l, véi nude ¢ ham ltn;mg Fe,
Mn cao hon diéu kién cho phep can dur(;rc xir li trude bang mot phuong phap khéc [8] bai vi Fe,
Mn & ndng do cao sé két tua trén nhya rat kho c6 thé tai sinh. Cot cation khéng c6 kha nang loai
bo vi khuan, keo SiO, hay cac hgp chét hiru co tan trong nudc.

Miu nuée duge sir dung lam mém trong nghién clru nay ham lugng tong cimg 66 mg/l
(tong cung c6 mat trong nudc may phan tich dugc), tnng Fe 0,15 mg/l va téng Mn 0,1 mg/l. Két
qua lam mém nude cia vat liéu S108 trén cot dugce the hién trén Bang 4.

Dung lugng trao ddi toan phan tong cimg trén toan cot {29x66 - 1 l 65x17-0,05x(1+
3+4+12+22+36+66)} = 1690 mg. Dung lugng trao ddi todn phan tong cu'ng cua vit liéu
S108 trén cot = 1690/10 = 169 (mg/g) Két gua dung lm;mg trao déi toan phan tong cimg ldu
cha;r cot vdi mau nude cimg (mau thuc te) thap hon so vai dung dich riéng ré& chira catmn Ca

la do mét phan dung lm;mg trao d6i cua cot da trao d6i vdi Fe va Mn co trong mau nude,
han than sy ¢ mit cua Fe va Mn trong nudc da trao d6i canh tranh lam giam dung lugng trao
d6i toan phan doi v&i nude cimg trén cot [7].

Bang 4. Két qua 1am mém nudc, tai sinh c6t 14n 1.

- Qua trinh trao doi Qua trinh tai sinh
Ve emg (1) | Cr(mg/l) | Viaa(ml) | Cyy g (mg/l)
| 17 0 10 64.919
2 19 1 20 32:119
3 20 3 30 32.133
4 22 4 40 33.626
S 24 12 50 32.105
6 25 22 60 30.105
7 26 36 70 29.739
8 29 66 80 22.639
Vi b 11,65 17 90 22.500

Doi véi vat liéu S108 thi chét tai sinh cu thé duge str dung nhu 1a HCI, H,S0,, NaCl (KCI
s& dugce thay the trong truong hop khnng mudn su cO mat caunn Na’ trung nude sau lam meém).
Thong thudng, chat tai sinh axit duoc sir dung phé bién nhat 1a HCI bdi vi HNO; c6 tinh oxi héa
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manh s& anh huong dén tinh bén ciia nhya con véi HySO; ¢6 thé giy két tua BaSO,, CaSO; trén
nhura kho loai bo.

Dbi vm cOt trao lJam mém nudc sinh hoat trong thyrc té thi chét tai smh thudng dugce sur
dung la mudi an NaCl do tinh an toan, it djc hai. Nong d dung dlch mudi &n thudmg duge sir

dung la dung dich NaCl dat t&i bao hoa (30 gNaCl/100 ml nudc). Két qua tai sinh cot trao doi
bio hoa cation 1in 1 bing dung dich NaCl 23,08 % dugc thé hién trén Bang 6.

Tung ctiimg dugc rira khoi ¢dt = 0,01 x (64919 + 32119 + 32133 + 33626 + 32105 + 30105
+ 29739 + 22639 + 22500 - 9 x 22500) = 973,9 mg. Hiéu suit tai sinh toan phén = 973,9/1690 x

100 = 57,6 (%).

Tir két qua hiéu suét tai sinh co thé thdy, khi tii sinh cﬁt trao doi bao hoa bing dung dich
NaCl 23,08 % thi qua trinh tai sinh khéng hoan toan, nghia 14 ton tai can bang trong qua trinh tai
sinh ma chi c6 57,6 (%) tong cimg dugc rira khoi nhia nguyén sinh sau khi bdo hoa. Nguyén
nhéan c{t khung thé dugc tai sinh hoan tnan la do ban than dung dich NaCl khong tinh khiet véGi
sir c6 mat cuia tong cimg (vdi nung do tnng cimg 22. 500 mg/1) trong dung djch tai sinh d3a lam
cho qua trinh tai sinh dat cin biang khi chi ¢6 57,6 % tong lugng cimg hap thu bj rira khoi cjt.

3.2.3. Xdc dinh dung lugmg trao doi vin hanh déi véi nwde cimg

~ Dung lugng trao d6i thuc té hay con goi 1a dung hrong trao d6i van hanh cua cot dugc tinh
bing dung lugng trao ddi ciia cot sau tii sinh lan 1. Két qua chay cdt lan 2 dugc thé hién trén
Bang S.

Bang 5. Két qua lam mém nudc, tai sinh ¢t lan 2.

TT Qua trinh trao d6i Quaé trinh tai sinh
Viuscemg () | Ce(mg/l) | Vi (ml) | Cyg gnn (mg/l)
1 0.1 25 10 65.919
2 0,1 7 20 32.226
3 0,1 1 30 32.133
4 10 1 40 33.547
5 1 3 50 32.300
6 12 7 60 30.105
7 14 12 70 27.735
8 15 18 80 22.639
9 16 24 90 22.500
10 18 36 : ;
11 20 66 5 )
Vo b 19,6 17,5 - -

Trén Bang 5, ta thay phai mat 300 ml nudc cap dé cot c6 thé lam vi¢c binh thudmg va thl,rc
te nudc mmg sau lam mém cé chira 4 cimg nhét dijnh (1 mg/l), tiép theo chay 10 lit nudc cap
nong d6 déu ra tmg vai | mg/l, sau d6 dd cimg nude sau xir Ii ting dan tdi bao hoa.
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Dung lrgng trao déi van hanh tdng cimg thuc € ciia vit lidu S108 trén ¢t = {20 x 66 -
19,6 x 17,5-0,05x (1 +3+7+12+18+24 +36 +66)} =968,7 (mg).

Khoi lugng tong cimg dugc nira khéi cot = 0,01 x (65919 + 32226 + 32133 + 33547
+32300 + 30105 + 27735 + 22639 + 22500 - 9 x 22500) = 966 mg. Hiéu suat tai sinh lan 2 (lam

- vigc) = 966»‘968 7 x 100 = 99,7 (%) Cac két qua khac nhu' dung lugng trao doi van hanh theo

yéu cu vé do cimg sau xir li co thé tinh duge khi sir dung s liéu trén Béng S.

Cic két qua thu duge c6 thé lhay, qua trinh lam mém nuéc trén cdt trao ddi cation co sir
dung chat 1ai sinh la dung dich mu6i an 23,08 % NaCl: dung lugng toan phan cua vit liéu S108
doi voi mau nudc may nghién ciru dat ~169 mg/g, dung lm;rng trao d6i van hanh dat ~97 mg/g
va cong suat hoat dong cua vat ligu S108 dat 57,6 %, hi€u suat tai sinh van hanh dat trén 99 %
tinh tir lwgt chay ¢t thir 2 vé sau. Do vay, vat lieu S108 co kha nang tai sinh, sir dung lai nhiéu
lan trén cot.

4. KET LUAN

Di xdc dinh vat lidu trao ddi cation monoplus S108 c6 dung lugng trao dm cire dai d6i voi
cac cation Ca™", Mg’ tuong img dat 238,19 mg/g, 185,19 mg/g. Vit li¢u trao doi cation Lewatlt
Mono S108 dugc ap dung thyc té lam mém nudc vai hiéu qua cao vgi dung lugng trao doi toan
phan dat ~ 170 mg/g. Qua trinh trao doi van hanh va tai sinh bang dung dich mudi in NaCl bao
hoa cho thay Dung iun;mg trao ddi trao dbi van hanh cia vét liéu S108 trén cot d6i voi nude
cimg dat ~ 97 mg/g vai higu suat tai sinh lam viée dat 99,7 %.

Do viy, lam mém nudc bang cich sir dung vat liéu trao dbi ion la mot phuong phap hiéu
qua dé loai bo sy anh hudmg cua céc cation canxi va magie tir nudc, dong thoi qua trinh lam
mém nuoc cing loai bo hoan toan mét lugng nho céc cation kim loai nang khic nhu sét, mangan
¢ trong nudc.
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