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TOM TAT

Nhya traoddi ion trén @ so poly styrendugc sunfo héaap thanh Wt liéu traoddi cation
dang R-SQNa (Lewatit Mono S108)t4 dugc nghién éu lam ném nede. Cac Kt qua nghién
ctru da cH ra dung rong traoddi bdo hoa tinh theo mé hirting nhiét hap pha Langmuir trén
vat liéu Lewatit Mono S108&at trong tng 239,09 mg/g va 185,19 mgigi vsi C&*, Mg**. ba
xac dinh dung rong traodsi cation C4", Mg** trén &t, dung lrong traodsi cation toan pin
cua \at licu Lewatit Mono S108at tuong tng 176 mg/g, 172 mg/g va 169 mgl§j véi dung
dich riéng & cua cation C&, Mg”* va ©ng cac cationuong ting trong méc may. Gt traodoi
b&o hoatugc téi sinh Bng dung dch nréc mui bién, sau tai sinh dungrdng traodoi van hanh
trén @t cho qua trinh lam ém dat ~97 mg/g.

Tir khéa: Lewatit mono S108, lam ém nudc, dung trong toan phn, dung frong van hanh.

1. MO PAU

MGt trong niing ing dang prd bién nhit cia VAt ligu traodoi ion 1a xir Ii nuéc dé udng,
lam ruéc cap (theong mai, cong nghép va dan ) va xr Ii nudc thai. Trao déi ion co the lam
mém nuge, khi ion va cé th condugc sr dung trong véc khir mubi. Qua trinh % |i nudc bing
trao doi ion c6 cacuu diém nhr: qua trinh @n hanhdon gian, hiéu qui xa |i cao, chi phi §n
hanh va tai sinh #p [1, 2].

Trong $ céc clit hoa tan trongwoc, throng thiy nhit la ©ng arng, gm cac thanh pin
chi yéu canxi va magié hoa tan trongae. CAc ion nay c6 thnhan biét dugc khi hinh thanh
cin bam ac b trong cac thit bi dun soi, géy thit hai chodwongdng, rdi hoi va thit thoat ring
lwong khi sr dung. Lam"mém" nuéc ‘ciing’ ' bing cach tirc hién mdt qua trinh traadi gitra cac
cation @ing (C&" va Mg ") v6i mot s cation khac khéng hinh thankincbam léi kha ning hoa
tan 6t trong nréc nhr 1a ion K, Na' [3].

Bai b&o nay trinh bay ¢b sb két qua danh gia dunguong traodoi, hiéu suit van hanh va
tai sinh @a nhra Lewatit Mono S10&uoc ap ding trong qua trinh lam ém nuéc.
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2. THUC NGHIEM
2.1. Hba clat vat tw

Cac hoa cfit c6 do sach phan tich: Ca(Ng», Mg(NGs),, EDTA, NH,OH, NH.CI,
Mn(NOs),, Fe(NQ)s, KCI, NaCl, ETOO, méi bién. Nhra traodsi cation Lewatit mono S108
nguyén sinh ¢a Hang Lanxess §¥liéu S108) [5].

May khudy tir IKA (Dirc), can phan tich. &, binh tam giéc, pipet, buretihtinh cac lai.

Nudc khir ion dugc ar dung cho cac thi nghin.

2.2. Phrong phap phéan tich

Xac dinh ng aing aia miu nuée bing phrong phap chan do tao phrc EDTA wi chat
chi thi ETOO trong méi tetong pH = 10 (@i mau neéc 6 ndit cac cation nin sat, mangan &n
loai bo anh hréng tnrac) [4].

2.3. Quy trinh xacdinh dung hreng trao dbi cuc dai trén vt liéu S108

Thi nghim traoddi duogc tién hanh khi khéy tron lién ac 100 ml dung tth c6 clka M¢f*,
Ccd* c6 dngddp bandiu G trong khang 880 - 35.000 mg/léi 1 g VAt liéu S108 trong thi gian
dat can ling traoddi. Saudo, loc phan dung dch dé xacdinh rdng do cation condi C; (mg/l) va
dung trong traodoi béo hoa cationg (mg/g).

X&c dinh dung trong traoddi trao ddi cuc dai ddi voi Mg?, C&* tir dung dch theo mé
hinh Hip phi dang nhit Langmuir [6]. Dungikgng traoddi cuc dai dugc xacdinh bing phrong
trinh Hi quy tuyén tinh (y = ax+b) laws twong quan gia cac 8 liéu thec nghiém G va G/0pn
tréndd thi, dung trong traoddi cuc dai dugc tinh theo cong tre: a = 1/Ghax

2.4. Quy trinh trao déi va tai sinh vat ligu S108 trén ét
Cot traoddi ion (Hinh 1) 1a not dng thiy tinh cduong kinh 1 cm c6 aa 10 g vt ligu

$108 (Hinh 1)Pau trén mi véi binhdyng dung dch nréc oimg din xir i, dau dwdi ndi voi van
co the diéu chinh ¢ d6 dong.

¥
Hinh 1.Cot traodéi cation lam ndm nudc.
~ Dung krong traodoi toan plan C&*, Mg®" tir dung dch va dunguong traodoi toan pfan
tong arng tr nugc may trén g8t dugc ticn hanh Bng cach cho dong dungath chra cation Mg",
ca* (440 mg/l), éng arng (66 mg/l) chy qua 6t chra the tich vat liéu S108 (¢ do dong trao

d6i 25 ml/pht). Qua trinh traddi lién tuc cho i khi cot dat bao hoa. Phan ticbrtg arng trong
50 ml dung dch mbi lan chiy qua ét.

655



Vi Thé Ninh, Luu Minh Bai, Bao Ngoc Nhiém, Pham Ngoc Chiic

Qua trinh tai sinldugc tién hanh khi 6t traodoi dat bao hoa. Cht tai sinhduoc ar dung la
dung dch mubi bién NaCl 23,08 % céong arng dat 22.500 mg/l, qué trinh tai sinh va trédi
cung dong, dc d6 dong tai sinh 5 ml/phat. Phan tidng arng trong 10 ml dungidh tai sinh
chay mdi lan qua 6t.

Dung krong traoddi van hanh lakong traoddi tong arng aia dt sau ndi 1an ot duoc tai
sinh, nréc cip duoc S dung lam ném trén @t codo cing 66 mg/l.

3. KET QUA VA THAO LUAN
3.1. Xéacdinh dung lrgng trao ddi cwc dai cation Mg®* va C&™ trén vit liéu S108
3.1.1. Phan lgi nwéc aing,dé cung

Dé xacdo cang aia nrée, g do cation kim lai trong nréc throng duoc quydoi ra tong
cang (mgCaCa@lit). Viéc quy d6i nay phu thusc vao kidi lugng nguyént va héa tr cia
cation, nlr v6i nong d6 10mg/lit @ia cac cation Mg va C&* dugc quy doi tuong ung 24,97
mgCaCQ/lit va 41,15 mgCaCglit.

Do ciing aia nréc cd the duge phan lai theo Hng aing (Bang 1). TUy theo cac yéua v
d6 cirng a1a nréc trong sinh hat va trong céng nghp trong tng ma qua trinh 1am ém nudc
dugc 4p ding van hanh.

Bing 1.Phén lai nuéc arng theodo cing.

Phan lai Nudc sinh hat (mg/l CaCQ) Nuéc cong nghip (mg/l CaCQ)
Nuéc mem 0-75 0-50

Nudc aing nhe 76 - 150 51 -100
Nuéc arng 151 - 300 101 - 150

Nudc rat cing >301 >151

3.1.2.4nh heong thyi gian va s c6 mit mgt so cationdén hiéu suit trao doi trén it liéu S108

Sy anh hréng aia thoi gian va ndt sb cation trong dungidh dén hiéu stit traoddi cation
cd&’, Mg®* (ndbng d6 bandau, G = 880 mg/l) trong qué trinh 1amé&m nuedc trén it liéu S108
dugc tién hanh, trong kio sat nay qua trinh tratdi cation C&" dugc chon dé thi nghém.

Anh hréng aia theo thi gian dén hiéu suit trao ddi cation C&" dugc dugc thé hién trén
hinh 2a. Kt qua cho thy, qué trinh traa6i ion xay ra it nhanh vatat can king sau thi gian
20 phat. Do 1y, d tinh dungrong traodoi bdo hoa aa vat ligu S108d6i véi Mg*, Ca”, thoi
gian phin ung duoc chon 1a 20 phat (thi gian can Bng phin tng aia cation Mg* ciing trong
tu cation C&").
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Hinh 2(a, b) Anh hréng aia thyi gian va  c6 miit cia nt s cationdén higu suit
traodoi trén \at liéu S108.

Két qua anh hréng aia mot 5 cation khac co #t trong dung ith nhr 1a K, NH,", Mn%,

Fe*" dén hiéu suit traoddi cation C&" trén \at liéu S108duoc thé hién trén Hinh 2b. Hinh 2b
cho thiy, sr c6 mit ciia cac cation khaet§ cing quydéi C; = 880 mg/l)déu lam gim hiéu stit
traoddi cation C&", hiéu st traoddi cua VAt liéu giam din theo tli ty cac cation K< NH," <
Mn?* < F€*. Sr anh hrong nay @ing dugc Kunin va Miyers [7] gii thich 1a do phn ung trao
d6i cation C4" trén \at lisu S108 b canh tranh, thay thbsi cac cation khac c6 art manh hon.

3.1.3. Dungiong traodsi cuc dai cation C&", Mg trén vit liéu S108

traodoi bdo hoa trénat lieu S108dugc thé hién trén Bing 2.

Ddi véi cation C&"

Déi véi cation Md

Ci(mg/) | G(mg/l) | an(mg/g) | G(mg/l) | G(mg/) | cn(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 15.259 235,0 17.600 15.750 185,0
35.200 32.850 235,0 35.200 33.500 185,0

Két qua khao satanh hrong aia rdng do bandiu cia cation C&, Mg?* dén dung trong

Bdng 2.Dung krong traoddi bdo hoa cation Mg, C&* trén it lisu S108 theo éng do bandéu.

Két qua tinh toan va Ieu dién trén Hinh 3(a,b) cho dly, cac Kt qua thuc nghém mé &

pht kyp v6i mé hinh Langmuir va cho dungdng traoddi cuc dai theo md hinhiéi véi cation
Cd* va Mg trong ing dat 238,09 mg/g va 185,19 mg/g. Dungyhg traodoi cuc dai cia vat
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liéu S108ddi vai cation C&* cao lon cation Mg@* 1a do &i {rc cia cation C& manh hon cation
Mg?".
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Hinh 3(a, b)Dé thi biéu dién ar phu thusc G/gy, vao G cua cation C&, Mg
3.2. Qua trinh trao déi cation Ca®*, Mg** ciia vat liéu S108 trén @t
3.2.1. Xaeatinh dung kong traodsi toan phin cation C&" va Md* trén ajt

Trong qué trinh 1am Am nuede thdng thedng, Mt cot nhdi thé tich \at liéu S108duoc S
dung. Khi &t haat dong, '6ng arng (Mg2 ca") trong nroc < lién tyc tiép xic Wi cac bp vat
lidu, tai d6 nréc aing c6 Mng do tong arng giam 5 ludn duoc tiép xdc \6i 16p nhra moi dé
thiét lap can Bing theo chiu hueéng giam do cang.

Két qua qua trinh chy ct trén \at ligu S108ddi voi ting cation C&, Mg™ riéng & (G =
440 mg/l)dugc thé hién trén Bing 3. Tinh toan, xadinh dung frong traoddi toan pln cation
ca&*, Mg”* cua \at lisu S108 trén .

Bing 3.Két qua traoddi cation C&*, Mg®* trén &t.

TT Déi vai cation C&° Déi vai cation Mg
1 V(1) Cr (mgl) V(1) G (mgll)
2 1,6 0 1,60 0
3 2,0 1 1,70 1
4 2,2 5 2,10 2
5 2,5 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 48 440 4,60 440

V1hu ri 2,85 108 2,65 99
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Dung krgng traodoi toan phn cation C&' trén toan 6t = {4,8 x 440 - 2,85 x 108 - 0,05 x
(1 +5+ 10 +20 + 55 + 384 + 440)} = 1.759 (mgurg kong traodéi toan ptin cation C&'
cua At lisu S108 trén @ = 1.759/10 = 176 (mg/g).ubng tr, dung lrong traodéi toan phn cia
vat lisu S10846i vai cation Md* trén @t dat 172 mg/g.

Tur cac Kt dung lrong traodéi toan plan cation C&', Mg?* caa vat lidu S108 cho thy kha
nang traoddi rat tét cation C&", Mg®* , kha nang traodi cation C&" cao lon cation Mg" trén
vat liéu S108. \it ligu S108 c6 8m ningung ding lon trong qua trinh lam ém nuéc.

3.2.2. Xaetinh dung drong traodsi toan phin lam nem nuéc, hidu suit tai sinh

Ngoai khi nang lam ném nudc, ot traoddi con co ki ning laai bo cation kim lai ning
khaco nong do thip nhr Fe”, F€*, Mn** c6 hamrong < 1 mg/l, ¥i nudc ¢ hamiong Fe,
Mn cao ton diéu kién cho phép an duoc x |i trugc bing mdt pheong phap khac [8] & vi Fe,
Mn & ndng do cao § két taa trén nixa rat kho cé ti tai sinh. Gt cation khéng c6 khniang loai
bo vi khuin, keo SiQ hay cac bp chit hitu o tan trong 6.

Mau nréc duoc st dung lam ném trong nghién €u nay hamuong Hng amg 66 mg/l
(tong arng c6 nit trong nréc may phan tickdugc), ng Fe 0,15 mg/l vadhg Mn 0,1 mg/l. Kt
qua lam mém nede aia Vit liéu S108 trén @ duoc thé hién trén Bing 4.

Dung krong traoddi toan phan tng arng trén toan & = {29 x 66 - 11,65 x 17 - 0,05 x (1 +
3+ 4 +12 + 22 + 36 + 66)} = 1690 mg. Dungyhg traoddi toan phn tong arng aia Vit ligu
S108 trén 6t = 1690/10 = 169 (mg/g). & qua dung lrong traoddi toan pln tong arng khi
chay cot v6i miu nede arng (mu thee t) thip hon so i dung dch riéng & chra cation C#,
Mg** 1a do nt phan dung trong traoddi cua @t da traoddi véi Fe va Mn c6 trong u nedc,
ban than g c6 mit cia Fe va Mn trongusc dA traoddi canh tranh lam gim dung krong trao
dbi toan pfan ddi véi nuée arng trén 6t [7].

Bang 4 Két qua lam mém nuéce, tai sinh 6t lan 1.

Qua trinh traatdi Qua trinh tai sinh
T Viwscang(l) | Cr(M@/l) | Vnaci (Ml) | Ciaisinn (Mg/l)
1 17 0 10 64.919
2 19 1 20 32.119
3 20 3 30 32.133
4 22 4 40 33.626
5 24 12 50 32.105
6 25 22 60 30.105
7 26 36 70 29.739
8 29 66 80 22.639
Vinu ri 11,65 17 90 22.500

Ddi véi vat ligu S108 thi clit tai sinh c6 th dugc st dung nhr 1a HCI, HSQ;, NaCl (KCI
s¢ dugc thay tie trong tirong hop khdng man sy ¢ mit cation N4 trong nréc sau lam rém).
Thoéng throng, chit tai sinh axitduoc sr dung pld bién nhat la HCI ki vi HNO; ¢6 tinh oxi hda
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manh € anh hrong dén tinh @Bn cia nhra con Wi H,SO, c6 the gay Kt tia BaSQ, CaSQ trén
nhua kho lai bo.

Déi véi cot trao [am rdm nuée sinh hat trong thrc t thi chit tai sinh throng duoc S
dung la mwi ian NaCl do tinh an toan, d@c hai. Nong do dung dch mubi an theong duoc Sr
dung la dung ith NaCldat t6i bdo hoa (30 gNaCl/100 miric). Két qua tai sinh &t trao ddi
b&o hoa catiorih 1 king dung dch NaCl 23,08 %ugc thé hién trén Bing 6.

Téng arng dugc nra khoi cot = 0,01 x (64919 + 32119 + 32133 + 33626 + 321(EDI05
+ 29739 + 22639 + 22500 - 9 x 22500) = 973,9 m@uHit tai sinh toan pin = 973,9/1690 x
100 = 57,6 (%).

Tur két qua hiéu suit tai sinh cé th thdy, khi tai sinh 6t traodéi bao hoa bng dung dch
NaCl 23,08 % thi qué trinh tai sinh khéng hoan todgtia Ia bn tai can king trong qua trinh tai
sinh ma chcd 57,6 (%) dng arng duoc nira khvi nhya nguyén sinh sau khi bdo hoa. Nguyén
nhan 6t khéng ti¢ duoc tai sinh hoan toan |a damthan dung ith NaCl khéng tinh kiét voi
sy ¢O mit cia Hng arng (Wi nong do tong arng 22.500 mg/l) trong dungah tai sinhda lam
cho qua trinh tai siniat can ting khi ch ¢ 57,6 % 6ng hrong arng Hip thu ki rra khoi cot.

3.2.3. Xéaetinh dung kong traodsi vian hanhdsi véi nuéc aing

~ Dung krgng traoddi thuc t hay con gi la dung lrong traodoi van hanh aa &t dugc tinh
bang dung trong traodoi cua @t sau tai sinhan 1. Két qua chay ¢ot lan 2 dugc thé hién trén
Bang 5.

Bang 5 Két qua lam mém nudéce, tai sinh 6t lan 2.

TT Qué trinh traaoi Qua trinh tai sinh
Viweamg(l) | Cr(MA/) | Vnaci(Ml) | Giaisinn (M)

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 11 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 - -

Vin i 19,6 17,5 - -

~ Trén Bing 5, ta thy phai mat 300 ml nréc cip dé cot co tre lam vige binh throng va thre
te nuéc arng sau lam ®m co chira d cing nkat dinh (1 mg/l), tép theo chy 10 lit nréc cp
nong do dau ratng Wi 1 mg/l, sautd @6 carng nréc sau X li tang din ti bao hoa.
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Dung krong traoddi van hanh éng arng thrc € cua vat liéu S108 trén & = {20 x 66 -
19,6 x17,5-0,05x (1 +3+ 7 + 12 + 18 + 24 +H366)} = 968,7 (mQ).

Khéi lwong Hng aing dugc rra ki cot = 0,01 x (65919 + 32226 + 32133 + 33547
+32300 + 30105 + 27735 + 22639 + 22500 - 9 x 2250856 mg. Hiu sut tai sinh &n 2 (lam
viéc) = 966/968,7 x 100 = 99,7 (%). Céét lqua khac nir dung lrong traoddi van hanh theo
yéu déu V¢ d¢ cirng sau ¥ li c6 thé tinhdugc khi sr dung $ liéu trén Bing 5.

Cac Kt qua thu dugc co tie thdy, quéa trinh l[am #m nedc trén ¢t trao doi cation co &
dung cHit tai sinh 1a dungi¢h mui an 23,08 % NaCl: dungrbng toan phn cia VAt liéu S108
dbi v6i miu nréc may nghién eu dat ~169 mg/g, dunguong traoddi van hanhdat ~97 mg/g
va cdng sht haat dong aia vat liéu S108dat 57,6%, htu suit tai sinh ¥n hanhdat trén 99 %
tinh tir luot chay ¢t thir 2 & sau. Do ¥y, vat ligu S108 c6 ki nang tai sinh, & dung lai nhiéu
lan trén 6t.

4. KET LUAN

D4 xéacdinh \at liéu traoddi cation monoplus S108 c6 dungyhg traodoi cuc dai ddi véi
céac cation C4, Mg”" twong ungdat 238,19 mg/g, 185,19 mg/gaVliéu traoddi cation Lewatit
Mono S108dugc ap ding thrc & 1am mém nudc v6i hidu qua cao Wi dung krong traoddi toan
phan dat ~170 mg/g. Qua trinh traibi van hanh va tai sinhamg dung éch mui ian NaCl b&o
hoa cho thy: Dung krong traoddi trao ddi van hanh aa \at lisu S108 trén @ dbi véi nuse
cirng dat ~97mg/g i hiéu st tai sinh lam éc dat 99,7%.

Do vay, lam mém nuéc bing cach & dung vat ligu traoddi ion 1a mt pheong phéap Hu
qua dé loai bo sr anh hréng dia cac cation canxi va magig buéc, dong thdi qua trinh lam
mém nude ding laai bé hoan toan @t lwong nho cac cation kim lei nang khac nir sit, mangan
c6 trong mréc.
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ABSTRACT

STUDY ON REMOVAL OF C&", Mg** CATIONS FROM AQUOUS SOLUTION BY ION
EXCHANGE RESIN LEWATIT MONO S108

Vu The Ninh, Luu Minh Dai, Dao Ngoc Nhiem, Pham Ngoc Chuc

Institute of Materials Science, Vietnam Academ$aénce and Technology,
18 Hoang Quoc Viet Str., Hanoi, Vietham

"Email: ninhvt@ims.vast.ac.vn

Cation exchange resin based on polystyrene surgdrtat form R-SGNa (cationid S108)
for water softening was investigated. The resuitews that total exchange capacity of ion
exchange resin Lewatit Mono S108 forrGCaMg”" according to isothermal model Langmuir was
239.09 mg/g and 185.19 mg/g respectively. The exatioin of cation exchange capacity on the
column has carried out, total capacity ion exchasfgexchange resin Lewatit Mono S108 on the
column for C&", Mg* from aquous solution and total hardness from hatér was 176 mg/g,
172 mg/g and 169 mg/g respectively. The column estesl resin can be regenerated by sea salt
solution and the operating capacity of an ion ergearesin was ~97 mg/g.

Key words:Lewatit mono S108, water softening, total capadpgerating capacity.

662



