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1. Gi6i thi€u chung

1.1. Lich sir phat trién ciia vat liéu trao doi ion

-Trong Kinh thanh cta nguoi Hy lap ¢6 da dé cip dén viéc tach mudi trong nudc
bién.

-Thé ky 19: & Anh, c6 nhitng tai liéu viét vé hién twong trao d6i ion

-1850: Harry Thompson va John Way (nha hoa ndng) cho nuéc phan chira nhiéu
amonium di qua 16p dat sét. Amonium bi giit lai trén 16p dat, Ca duogc tach ra. Nguoi
ta c6 dugc cac nhan xét sau:

+Trao d6i ion trong dat lién quan dén su trao ddi cic ion twong tng
+MOot vai ion trao d6i nhanh hon ion khac

+Silicat nhom (aluminum silicate) Al,SiOs c¢é tinh chét trao doi ion
+Qua trinh trao doi ion khac véi qua trinh hap phu vat Iy

-1858: nha hoa hoc ngudi Puc chimg minh rang phan tng trao d6i ion trong dat
la mdt qué trinh thuén nghich.

-1876: Lemberg cling ching minh dugc tinh thuan nghich

-Pau thé ky 20: nhya trao ddi ion duoc dua vao cac muc dich ung dung

-1905: Nha hoa hoc ngudi Pirc tmg dung vao 1am mém nuée, stt dung nhua trao
dbi cation.

-Gans: tong hop nhua trao d6i cation sodium aluminosilicate — Ong goi 1a zeolite.
Tong hop zeolite ndm 1913 do Permutit Company (M¥). cacbonate zeolite dugc sir
dung lam vat liéu trao d6i ion nam 1935.

-Nhua trao doi cation trung hop formadehyde, trao d6i anion (san pham tring
hop ciia polyamines and formaldehyde). Cac san pham nay co thé tach loai tat cac ion
trong nude, nhung nhya anion khong thé tach acid yéu cua Si hodc kiém.

-Nim 1944, nhom cac nha nghién ctru ctia My, D’ Alelio phat trién nhya trao d6i
cation - dong trung hop cua styrene va divinylbenzen. Nhua anion loai nay dugc phat
trién nam 1948, ¢ thé tach hoan toan cic khoang trong nudc va duoc dung rong rii
cho dén ngay nay.

1.2. Cac loai vat liéu trao doi ion
Céc loai vat liéu trao doi ion dugc phan thanh nhiéu loai phu thudc vao cac tng

dung khéc nhau.

Bai giing’ Nhua trao déi ion’ TS. Lé Minh Dirc
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Céc loai vat li¢u vo co dugc su dung khi yéu cau vé do tinh khiét khong cao lam.
Dé cai thién do bén vat 1y cua hat nhya, phuong phéap gén cac loai vat liéu trao
d6i ion vao mot loai vat liéu khac (c6 thé vo co hodc hiru co) duge nghién ctru va phat
trién manh.

Vat liéu trao ddi can: d6 bén hoa, dd hoa tan théip, chi phi thép.
1.2.1. Vat liéu tu nhién

1.2.1.1. Loqi vo co

Nhiéu khoang v6 co trong thién nhién dugc sir dung: sét (bentonite, kaolinite,
illite), mica va zeolite (nhu analcite, chabazite, sodalite va clinoptilolite) ¢ tinh cht
trao ddi ion. Trong d6 zeolite ty nhién 1a loai vat li¢u dugc st dung dau tién trong
cong nghé trao d6i ion. Sét thudng st dung 1am chat don, chit chén lap chét thai
phong xa. Dat sét thuong sir dung trong céac thiét bi gian doan, it khi str dung cho hoat
dong dang cot vi co thé han ché dong chay qua cot.

Céc loai aluminosilicate ty nhién cling thuong dugc st dung trong xt 1y nudc
thai. N6 hoat dong nhur 1a: vat lidu trao doi ion va chat loc dic biét.

Sét va zeolite thién nhién tuy dugc thay thé dan boi cac loai vat liéu tong hop
song n6 van dugc dung trong mot sd tmg dung nao diy do ré va san co trong thién
nhién. Mot s6 nhuoc diém cia loai vat lidu nay:

-Dung luong trao d6i thap

-Bén co thap

-Kich thuéc 16 x6p khong khéng ché duoc

-Cac hat sét c6 khuynh hudng tao thanh céc hat keo
-Kho gia cong dung kich thudc theo yéu cau

-C6 thé bi phan huy trong moi truong acid hodc kiém

1.2.1.2. Loai hitu co

Mot lugng 16n cac chét hitu co co tinh chét trao d6i ion nhu: polysaccharides
(cellulose, algic acid, rom, than bun), proteins (nhu casein, keratin va collagen) va cac
loai than (nhu than bun, than nau). Mac du dung lugng hoat dong cua cac loai vat liéu
nay thip nhung van dugc st dung rong rii do gia thanh thap. Cac nhugc diém chinh
cua loai véat li€u nay:

-Dung lugng trao doi thép so voi cac loai vat liéu khac

Bai giing’ Nhua trao déi ion’ TS. Lé Minh Dirc
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-Trwong n& 16n va dé bi pettize hod
-Vt lidu cenllulose va protein rat khong bén véi phong xa
-CAu tric vat 1y kém
-Tinh chit vat Iy khong dong nhat
-D6 chon loc kém

-Khong bén khi pH nam ngoai day pH trung tinh.

1.2.1.3. Vat liéu bién tinh
Dé cai thién dung lugng trao ddi, d6 chon loc mot sd vat liéu hitu co dugce bién
tinh. Vi du vat liéu trao ddi ion trén co s& cellulose duge bién tinh béng cach dua thém

vao nhom phosphate, carbonic hodc nhom chirc acid khéc.
1.2.2. Vit liéu tong hop

1.2.2.1. Vit liéu vé co tong hop

*Zeolites 12 loai vat liéu vo co dau tién duoc st dung trén mdt quy mod 16n tach
chit 6 nhiém phéng xa trén mot quy md lon. Zeolite 1a loai vat li€u trén co so 1a
aluminosilicate, co thé téng hop dudi dang bot, hat hoac vién.

Uu diém cua loai nay la co thé thay ddi tinh chat hoa hoc trong mot khoang rong,
kich thuéce 16 x6p dugce khdng ché, bén nhiét.

Nhuoc diém:

-Chi phi cao hon so véi loai c6 san trong thién nhién
-Bén hoa hoc, bén trong cdc mdi trudng pH khac nghiét kém
-D& ntt, bén co hoc kém.

P chon loc va dung lugng cua zeolite co thé phul hop véi cac cong nghé co do
mudi thap. Néu trong dong thai c6 mat cac ion khac, cac tim hoat dong cia zeolite bi
céc ion nay chiém giir do d6 s& giam dung luong hoat dong. Vi du khi c¢6 K, kha ning
trao doi cta zeolite véi Ce bi giam di. Trong dung dich c¢6 néng do mudi cao, dung
lugng hoat dong cua zeolite 1a rat nho.

*Cac hop chat cua Ti, Si-Ti

Trong nhiéu nim qua, oxide va hydro oxide cua Ti duoc biét dén kha ning tach
loai ion trong dung dich. Nam 1955 ¢ UK va sau do6 1a Buc va Nhat su dung hydrous

titanium oxide (HTiO) dé tach uranium trong nudc bién v6i quy mé 16n. Cac nghién

Bai giing’ Nhua trao déi ion’ TS. Lé Minh Dirc
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ctru tiép theo chi ra rang loai vat liéu nay ciing ¢ 4i lyc rat manh véi ion kim loai
actinium (Ac), Sr va vdi cac ion ¢o dién tich +2.

Céac san pham loai nay di tr& thanh thuwong phiam cua cong ty SrTreat cia
Finland. N6 ¢6 hoat luc cao trong méi truong kiém (pH>9). Vat liéu nay c6 thé sir
dung két hop voi chit hip thu hexacyanoferrate (CsTreat).

*Hexacyanoferrates cia cac kim loai chuyén tiép

Trong nhiéu thap ky qua, hop chat loai nay duoc biét nhu 1a chét c6 thé tach Ce
trong dung dich. Nhiéu dang khac nhau cua loai vat li¢u nay duoc su dung dé tach Ce.

Vi du: Cobalt (II)-hexacyanoferrate (II).

1.2.2.2. Vit liéu hitu co tong hop

Ngay nay, nhom 16n nhét trong loai vat liu nay la nhya trao ddi ion dang bot (5-
150pum) hay dang hat (0,5-2mm). Mach hydro carbon phan bd ngiu nhién tao nén mot
mang ludi rat linh dong. Trén mach nay c6 mang cac dién tich ¢d dinh trén cac vi tri
khac nhau. Nhya khong tan do c6 cac lién két ndi ngang. Luong nbi ngang s& anh
huong dén kich thudc hat nhua qua sang, kha ning truong, chuyén dong ciia cac ion
linh dong, do cimg va d6 bén co hoc. Luong ndi ngang 16n, se 1am ting do cing cua
nhura, ting d6 bén co, it 16 xdp va it trudng trong dung méi.

Khi vat liéu nay ngdm trong dung moi hoac trong nudc, nod s€ truong 1én. Muc do
truong phu thudc vao dac tinh cia ca dung méi va chinh vat li¢u, n6 bi anh hudng boi
cac yéu td sau: do phan cuc cia dung moi, do lién két ngang, dung luong trao doi, do
solvat hoa manh hay yéu cta nhom cb dinh, kich thudc solvat cua cac ion trao doi,
noéng d6 dung dich.

Uu diém ndi bat ciia loai vat lidu nay: dung luong trao d6i 16n, ap dung rong rai,
da linh vuec, chi phi kha ré so voi mét vai loai vo co tong hop khac.

Céac loai nhua chinh trong nhom nay la:

*Polystyrene divinylbenzene

La san pham copolymer cia styrene va DVB. D¢ ndi ngang dugc quyét dinh boi
luong DVB. Nong d6 DVB thip s& 1am cho nhya mém, kha ning truong rit manh
trong cac dung moi.

Cac nhom chire ¢d dinh (nhém dac trung) dugc gén vao trong mang ludi mach

polymer dé tao nén kha ning trao dbi ion. Vi du nhu nhém —SO;H, thuong tur 8 dén 10

Bai giing’ Nhua trao déi ion’ TS. Lé Minh Dirc
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nhom cho 10 vong benzene. H' sé& 14 ion linh dong (hay ion ddi — counter ion) s& tham
gia trao ddi véi cac cation trong dung dich.

Khi gin cdc nhom —NH; " hay —-N," vao trong mach polymer, nhira trao doi anion
dugc tao ra. Cac ion dbi s& 1a OH, CI..

*Phenolic

La san pham trung ngung cta phenol va formaldehyde voi nhém OH- 1a nhém
dic trung, c¢b dinh trong mach polymer, 13 loai nhwa trao ddi cation acide yéu. Dé ting
cuong do acid cho nhya, nhém -SO;H dugc gén vao nhya. Nhu vdy nhyua s€ c6 hai
chtrc nang - chtra ca nhém acid manh —SOz;H va nhom acid yéu —OH.

San pham da trung ngung (polycondensation) cia resorcinol-formaldehyde dugc
st dung rong rai & An Do dé tac Cs.

Ciing c6 thé gian thém nhom phosphoric acid vao mach polymer dé ting kha ning
lam viéc cua nhua.

*Acrylic

La nhya trao d6i ion acid yéu, c6 nhém -COOH trong mach. La san pham
copolymer cua acrylic hay methacrylic acid vo1i DVB. Nhom —COOH c¢6 kha nédng
tach mudi thap nhung trong moi truong kiém né cé 4i luc manh véi Ca>* va cac ion

tuong ty khac. Cac nhom acid khac co thé gén vao nhua nhu PO32',PO33 ',HPOz'

1.2.3. Vit liéu composite

La loai vat liéu két hop mot hay nhiéu vat liéu TD ion véi cic loai vat liéu khac.
Tao ra cic composite nay s& lam ting d6 bén dé co thé sir dung trong cot. Zeolite tao
ra & dang hat trén chat mang la aluminium oxide. Mot loai khac dugc biét dén 1a phu
cupric ferric haxacyanoferrate trén soi polyacrylic. Vat lidu nay sir dung dé tach nuéc
thai phong xa trong nha mdy nguyén tu.

Mot loai composite khac 1a su két hop vat li¢u trao ddi vo co véi magnetic Fe;0,.
Do vay sé& dé dang tach loai ra khi da bdo hoa nho tir truomg. Loai vat lidu nay da tro

thanh thuong pham.

1.2.4. Mang trao doi ion

C6 hai loai mang trao doi: dong nhat (homogeneous) va khong dong nhat
(heterogeneous).

Mang khong dong nhat duoc tong hop bang cach phan tan cac loai vat liéu trao

d6i (dang hat keo hodc hat rat min) trong nhua nhiét déo polyethylene, polystyrene hay

Bai giing’ Nhua trao déi ion’ TS. Lé Minh Dirc
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cao su tong hop. Sau d6 dem can, ép hodc dun dé tao ra cac hinh dang khac nhau tuy
thudc vao yéu cau str dung (dang tdm, dia, bang dai). Cac hat trao doi phai duoc tiép
xtc v6i. Khi cac hat niy bong ra khéi mang, do bén co hoc ciia mang s& rat thap.
Thudng thi hat s& chiém 50-70% trong thé tich mang.

Mang ddng nhit 1a san phdm trung ngung cia sulphonated phenol va
formaldehyde trong méi truong acid hay kiém manh va dugc dat 1én thuy ngan hodc
tam bén acid. Cac thuong pham dugc tong hop bang: bay hoi dung dich dién ly cao
phan t. Miac du khong c6 nbi ngang nhung mang khong tan trong nudc. Trong
phuong phap polymer gin két bang phong xa gamma dung dé gin styrenen hay
styrene DVB 1én mang polyethylene.

Nhuoc diém cua loai mang trao doi: gia thanh cao, do bén co hoc han ché, tro
khang cao khi ndng d6 dich dién ly thip, tham thiu cao.

2. Nhura trao doi ion

O FIXED NEGATIVELY CHARGED EXCHANGE SITE, i, SO3

] MOBILE, POSITIVELY CHARGED, EXCHANGEABLE
CATION, ie., Na*
e,

== POLYSTYRENE CHAIN
momm OIVINTLBENZENE CROSS-LINK
LOLNS WATER OF HYDRATION

Bai giing’ Nhua trao déi ion’ TS. Lé Minh Dirc



2.1. Phan loai nhua trao doi

Tinh chét trao ddi cua nhua TP ion duoc quyét dinh bdi cac nhom dac trung
trong suon (khung) cao phan tir cua nhya va cac ion linh dong. Cac nhoém ndy mang
dién tich am hodc duong tao cho nhua c6 tinh kiém hodc acid. Cac nhom dic trung
trong ionit ndi voi cac ion linh dong co dau nguoc lai b:;ing lién két ion. Cac ion linh
dong nay c6 kha ning trao doi véi cac ion khac trong dung dich.

= Nhura trao doi cation (cationit)

La nhiing chat c6 dic trung acid. Trong cdu tao mang ludi cia nhya c6 mang
dién tich am (nhom déc trung mang dién tich am) kém theo nhoém déc trung c6 mot
cation linh dong c6 kha ning trao doi véi cac cation khac trong dung dich.

Céc 1on linh dong cua cationit thuong 1a H, thuong dugc goi 1a nhya TD cation
dang H. Néu thay H béng Na, nhua duoc goi 1a Na-cationit

Céac nhom dac trung cua cationit : -SOs;H, -COOH, -OH (cua phenol), H,PO5

Céac nhom dic trung cang nhiéu, kha ning trao ddi cang ting, dong thoi, do hoa
tan trong nudc cua nhua ciing ting. Néu ting d6 nbi ngang trong ciu tric cia nhya
jonit thi kha ning trao ddi, do hoa tan giam nhung do truong s& ting. C6 hai loai
cationit:

0 Cationit acid manh: nhém dac trung la -SO;H, -PO;H

C6 kha nang phan ly thanh ion linh dong, it linh dong trong tat ca cdc moi trudng
trung tinh, kiém, acid. Do d6 kha nang trao ddi ctia ching khong bi anh hudng boi pH
cua dung dich.

0 Cationit acid yéu: nhom dic trung -COOH, -OH

Phén ly yéu trong mdi trudng acid, kha ning trao ddi phu thudc vao pH ctia moi
truong. Trong mdi trudong kiém, kha ning phan ly manh nén kha ning trao doi 16n.
Trong mdi truong acid, kha ning phan ly thap, dan dén kha ning trao d6i thap.

= Nhua trao doi anion (anioit)

Céac nhom hoat dong mang dién tich duong, tao cho anionit c6 tinh kiém, céc
anion linh dong c6 thé trao d6i v&i cac anion khéc trong dung dich. Nhom dic trung:
kiém amin béc 1, 2, 3, 4. Cac anion linh dong thuong 1a OH, CI. . .

0 Anionit kiém manh: Nhom dic trung la kiém amin bac 4

Bai giing’ Nhua trao déi ion’ TS. Lé Minh Dirc
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Nhém OH dinh vao nhé luc tinh dién. Anionit kiém manh c6 mirc do phén ly ion
t6t trong tat ca cac moi truong nén kha ning trao do6i ctia chiing khong phu thudc pH
cua moi trudng.
O Anionit kiém yéu: Nhém dic trung 1a kiém amin bac 1 —NH,, bac

2 =NH va bac N=. Anionit kiém yéu chi phan ly trong méi trudng kiém yéu.

2.2. Mt vai thuit ngir sir dung trong ky thuit trao ddi ion

*Khdi luong riéng cua hat nhya (density of resin)

*Po bén co hoc (mechanical resistance)

*Kich thudc hat nhya (grain size)

*Dung lugng tong (total capacity): 14 luong ion dugc trao d6i trong mot don vi
trong lugng ctia nhya

* Kha nang tach mubi (salt splitting): luong ion Na bi hép thu bdi nhya dang H
(hay lugng H di ra khoi nhya) trong mét don vi khdi lugng hay mot don vi thé tich.

*Po x0p (porosity)

*Dung lugng trao ddi (exchange capacity): khoi luong ion giit duoc trén mot don
vi thé tich vat li¢u trao déi.

*“Ton leakage’: nong do cua ion khong mong muén bi tach ra trong dung dich xir
ly.

* Puong cong ‘Breakthrough’

Concentration of radionuclides
in effluent

Breakthrough

d c
Effluent volume

Bai giing’ Nhwa trao déi ion’ TS. Lé Minh Dirc



2.3. Cac phan @ng dac trung
= Qua trinh trao d6i véi cationit
RSO;H +Na" + Cl'<> RSOsNa" +H' + CI
2RSO;H+ Ca*" + 2CI' < (RSO;),Ca+ 2H" + 2CI
hoac
RCOOH +Na" + OH < RCOONa + H,0
C6 thé xem day 1a qua trinh hoa hoc di thé (Iong-ran). Mtrc d6 ion hoa phu thudc
ban chit hoa hoc cua nhém hoat dong, tinh chét dung dich bén ngoai
Vi du: nhom sunlfo: ion hod tét trong méi trudng acid
-COOH, OH: trong moi truong acid ion hoa kém hon
Cationit acid manh: myuc d§ phan ly khong phu thu¢c pH
Cationit acid yéu: thay d6i dung tich trao ddi theo pH
Mot dic diém khac: khi cationit trao d6i dat dén bao hoa véi cation nay, thi co
thé trao doi véi cation khac.
R-H" +NaCl < R-Na+H+CI
2R-Na + CaSO, < (R),Ca+ Na"+ SO,
Sau khi bao hoa, cationit dwogc tai sinh bang acid
R-SO;Na+H" < R-SO;H" + Na'
(R-SO;),Ca + 2H" < 2R-SO;H+ Ca*"
» Qua trinh trao ddi ciia anionit
Anionit kiém yéu (nhém amin béc 1, 2, 3): ion hoa khi pH<7
Anion chtrta amin béc 4: ion hod trong moi truong acid yéu, trung tinh, kiém.
Anionit kiém manh c¢6 do phan ly cao
R-OH + HCl << R-Cl+ H,0
= Qua trinh tai sinh
RCl +NaOH < ROH + Na(Cl
Qua trinh trao doi ion 1a mét qué trinh thuan nghich, phan tng hoa hoc di thé
gitra cdc nhom hoat dong cua nhya va cac ion trong dung dich. Qua trinh trao ddi tuan

theo dinh luat tac dung khéi luong.
2.4. Tong hop, tinh chat hat nhya

2.4.1. Téng hop

Bai giing’ Nhua trao déi ion’ TS. Lé Minh Dirc
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* Nhua phenolic (KY-1 Nga):

Chtra nhém —SO;H, va nhém hydroxyl phenol. C6 thé di tir monomer sulfo
phenol va formaldehyde hodc diéu ché nhya phenol formaldehyde sau d6 sulfo hoa
bang H,SO, dam dic.

Qua trinh qua hai giai doan:

+Sulfo ho4 phenol: khong ché diéu kién dé nhém sulfo gan vao vi tri para
cua phenol. Tién hanh & nhiét d6 dudi 110°C, tir 10-13 gi0, san phém nhan duoc ¢
dang l6ng.

+Ngung tu v6i formaldehyde

Thuodng 1 mol sulfo phenol thudng 4y hon 1 mol formaldehyde. Tién hanh trong
diéu kién gidng vé&i tong hop nhuwa phenol formaldehyde. Ngung tu xong dem sy &
100-110°C, trong thoi gian 4-5 gid. San pham nhéan duoc c6 ciu tao dang ludi. Pem
nghién, rira sach acid thira. Sang lay san pham c6 kich thuéc 0,5 — 2 mm, c6 mau den.

D=1,0— 1,2, d6 4m 15 -20%.

OH

OH OH OH
CHZ—/ CHZ—/
—_
n +  nCHO | |
X X
CH,

SOzH SOzH
SOzH

HO3S / \ OH

CH,

* Nhua styrene-divinylbenzen (Ky-2 -Nga)

Polymer hod huyén phu styrene va divinylbenzen (DVB): ban dau ¢ dang long,
cho vao thung phan tng, nudc. Chit hoat dong bé mat giit cho hé dwgc phan tan 6n
dinh. Khqu tron, styrene/DVB hinh thanh tirng khdi 16n, tang tbc do khuéy, hat nho
hon dugc hinh thanh, ting téc do khudy dén khi kich thudc hat dat yéu cau khoang 1

SCaans

milimet. Tai diém nay, thém benzoyl peroxide vao, "
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qué trinh polymer ho4 dién ra va hinh thanh cc hat nho. Divinylbenzen 1a tic nhéan tao
ndi ngang, 1am cho hat c6 do cung, khong co styrene hat nhwa c6 thé hoa tan trong
nudc.

Polystyrene-DVB can ¢6 hoat tinh hod hoc dé sir dung lam chét trao d6i ion. Céc
nhom hoat tinh duoc gén vao. Mdi nhém chirc ¢ mdt dién tich ¢b dinh, c6 thé can
bang bai dién tich ddi tuong tng — co thé trao d6i vai cac ion cing dién tich.

Nhuya cation acid manh duogc tao ra khi xtr 1y hat nhya trong acid sunfuric ddm
dic (goi 12 qua trinh sunfonat hod), nhém sunfonic acid mang dién tich 4m, bén. Quan
trong 13 cac tAm mang dién nay phan bd trén toan bo hat. Qua trinh trao d6i ion khong
phai 1a mot qua trinh bé mat, hon 99% kha ning trao doi ion dugc nhan thiy bén trong
hat.

Nhua anion kiém manh dugc hoat hoa qua hai giai doan: trudc ti€n chloromethyl
hoa, sau d6 amin hoa. Qua trinh hai budc bat dau voi clng vt liéu styrene/DVB duoc
dung cho nhya cation. Diém khac biét 1a luong DVB dugc dung it hon, lam cho hat
x6p hon. Budc phan tng dau tién 1a gan nhém chloromethyl vao mdi vong benzen
trong cdu trac ctia hat. Nhwra chloromethyl trung gian ndy can dé phan tng v4i anim
trong qua trinh amin hod. Loai amin st dung s€ xac dinh chic nang ctia nhya. Amin
thudng dung 13 trimethylamine (TMA), sé& tao ra nhya trao doi anion kiém manh loai L.
Str dung dimethylanolamine (DMEA) s€ tao ra nhya anion loai 2.

Péng trung hop styrene v6i divinylbenzene, sau d6 sulfo hoa bang H,SO4 dam
dac. Loai nhya nay c6 nhom dac trung l1a -SOz;H, bén hoa hoc, bén co, bén nhiét dén
150°C. Qua trinh dong tring hop tién hanh & 80°C, trong 18 gid, oxi hoa bang H,SO,
dam dac ¢ 100°C, trong 8 gio, Ag,SO4lam xuc tac.

Bai giing’ Nhua trao déi ion’ TS. Lé Minh Dirc
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CH=CH, CH=CH,
_CH'CHz'CH'CHZ-

—CH-CH,—

CH:CH2

Agst4 / HzSO4

— CH—CHy"CH—CH,—

W
| —SOH +——
Z X\

—CH-CH,-

SO3H

= Catonit KB-4
Pong trung hop cta methylmethacrylic (hoic dang mudi) véi divinylbenzene
(10% so v&i cau tir chinh), c6 1% peoxide benzoyl, dung nong & 60°C, trong 24h, sau

d6 xa phong hoa bang NaOH 2N, rira va séy.

H3c|:
CH,—C CH-CH,-
CH=CH, [
CHs HsCOOC |n

| —
CH,—C +
CO,CH3
CH=CH, —CH-CH,~-
N R D H3;C
Xa phong hoa nhom este bang NaOH |
> CHZ_CI: CH‘CHZ-
HOOC |n

—CH-CH,-
Loai nhya nay bén co hoc, bén hoa hoc, bén nhiét so voi cac loai khac. O nhiét
d6 160-180°C, cac nhoém cacboxyl khéng bi phan huy nén rat thuén loi khi 1am viéc &

nhiét do cao, tinh chat dong hoc rat tot.
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* Anionit
Loai nay chtra nhém hoat dong kiém amin bac 4 (-N"(CH;);). Tong hop bing
cach amin hoa dong tring hop da chlomethyl hoa ciia styrene va divinylbenzene

——CH—CH,—CH—CH,—

CH=CH, CH=CH,
n
/

CH=CH, CH—CH,—CH—

—CH-CHy———CH-CH,~
CH;0CH,C1
- AN
> —CH,CI
ZnCl, _—
_ J, —CHCH,—
—CH-CH,———CH-CHj,-
R:N Nhua anion kiém manh
| J, —CHCH,—
[
"NRsCI™
—CH-CHy———CH-CHy- S
Nhuya anion kiém yéu
RNH,
N J, —CHCH,—
CH,
+ -
NH,RCI

2.4.2. Banh gia dung luong hoat dong cua hat nhua

*Phuong phap giai hép: Dung lugng hoat dong 6n dinh cua hat nhya xac dinh tir
cac gia tri: tong lwong ion c6 thé trao dbi trong cot tai diém cudi cua ‘breakthrough’ va
phan ctia mdi loai ion trao d6i duoc giai hap trong qua trinh tai sinh.

Trong thuc té, can tai sinh hoan toan véi tac nhn tai sinh phu hop. Cot duoc bao
hoa tai mot diém ‘breakthrough’ dinh trudc. Tu cac gia tri thé tich nhua da su dung,

thé tich dung dich xt 1y, ndng do cac ion dung luong cuc dai tai diém ‘breakthrough’

Bai giing’ Nhua trao déi ion’ TS. Lé Minh Dirc



14
duoc xac dinh. Sau d6 cdt dugc giai hép vO1 tac nhan tai sinh co n6ng dd phu hop cho
dén hoan toan.

V& mbi quan hé: % ion dugc tach loai -lugng tac nhan tai sinh da st dung

Qs

Q= T T
A_FiB_{_

XA X

Q 12 dung luong hoat dong, Qs dung lugng tai ‘breakthrough’, rA ty 1€ lugng ion
A trén tong lugng ion c6 thé trao doi dugc, x, phan ion A bi giai hap.
Dé tinh dugc % ion tach loai (hodc nguoc lai 1a % leakage) can hoat dong ¢ trang
thai cn bang dé xac dinh 4i lyc twong ddi ciia ion nghién ctru.
Gy Xy
A K Xp
Ca ndng dd ion A trong dong thai ra (leakage); K 13 hang s cin bang; Xga phan
duong luong cua nhya ¢ dang A.
*Phuong phép cot tuan hoan
Cot dugc bio hoa véi mot dung dich di biét néng do, téc do va ndng do6 cua tac
nhan tai sinh biét truéc. Thong thudng phai qua nhiéu vong hoat dong, tai sinh hat
nhya c6 dugc dung luong hoat dong va néng do ion trong dong ra dat trang thai on
dinh. Dung luong hoat dong xac dinh: tir viéc do thé tich chat long d4 xir 1y va nong do

ion céc cu tir trong dung dich tai sinh. Nong d6 ion (leakage) xac dinh & cot ra.

2.4.3. bo xép cua nhya

Kha ning 1am viéc ctia ‘nhya binh thudng’ hay ‘nhya chuin’ khong chi phu
thudc vao kha nang cta ion linh dong trao ddi véi cac ion trong dung dich, ma con kha
ning cua cac ion thay thé khuéch tan sau vao trong nhya. Khi chat HT c¢6 ngudn gbc
khoang str dung, kha ning tham nhép cta cac ion phu thudc vao do xdp cua chat HT
va kich thudc ciia ion thay thé. Vi 16 xdp nho, ion 16n s& khong cé qué trinh trao d6i
ion.

Tuong tu vdi cac chat HT c6 ngudn géc tir khoang, nguoi ta cling st dung tir DO
XOP (porosity) khi str dung nhua trao d6i ion.

bo xép cua nhua trao ddi ion c6 thé du doan bﬁng cach cho hép thu hoi ciia mot
chét 10ng tro hay hap thu hoi N, & nhiét d6 thip. Cac phuong phap nay dugc sir dung

dé danh gia do xOp — thudng goi 1 chét trao dbi ion chuin, 1a nhya TD ion duoc
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copolymer hoa bang phuong phéap théng thuong cua styrene hay monomer khac véi
tac nhan lién két ngang nhu divinylbenzene. Ngudi ta chi ra rang: thé tich 16 xop tong
cia nhya TP ion v&i 2% divinylbenze 13 0,004cm’/g, 16% divinylbenzene 1a
0,001cm’/g. Gia tri nay nho hon 10 lan dbi v6i polymer mach thang (tuyén tinh) va
nho hon 100 1an so véi thé tich 16 xdp tdng cong cua than xdp loai tot. Dién tich bé
mit riéng cua chat TP ion nay khoang 0,1 m?/g, v&i chit HT c6 ngudn gbc khoang
chét 12 600-800 m*/g.

Di nhién, kha ning hip thu cao ctia nhya tiéu chuan khong lién quan gi dén do
x6p ctia n6. Chit TP ion nay chi hap thu cc ion nho. Céc ion 16n hon nhu terramyecin,
penicillin va cac hoat chét sinh hoc khac c6 thé bi hép thu chi trong moéi truong ma nod
c6 thé truong. Trong trudng hop nay, s& c6 mdi quan hé truc tiép giira kha ning hip

thu ctia nhya TD ion va do truong trong méi truong (hinh 20.2).

3 1600
12001
z L
800\
2T wo |-
é 1 1 1 ]
8 2 3 ,} 5 & [/
o (a)
gsaa_ ) w a 40_
3 6001 2 20k _
4001 . 20k 3
200} wk

1 1 1 1 ] | ] 1 ]
! 2 3 4 5 6 0 20 a0 40 50
Hsw ) Ksw )
Fig. 20.2. Exchange capacity of ion exchangers with different swelling coeifi-

cients (Kg,,) with respect to antibiotics:

a—exchange capacity of amberlite IRA-400 anion exchanger with respect to penicillin;

b—exchange capacity of carboxyl cation exchangers with respect to streptomycin: 1—KoV;

2—HKMT: 3—EKMJI: c—exchange caplgcity of sulpho resins with respect to aureomycin:

I—RQY; 2—KH®: 3—CC®; d—exchange capacity of sulpho resins with respect to terra-
mycin: 1—CC®; 2—CEC.

Hap thu ion chi dién ra trong mdéi trudng 16ng, vi vay kha ning truong cua nhya
trudce tién phu thudc vao kha nang hydrat hod ctia cac nhém phan ly - xéc dinh ai luc
cua nhya trong nudc. PO hydrat hod cao, nhya truong tdt. Murc do truong phu thude

vao ion trong dung dich. Néu kha ning hydrat cia cic ion thay thé nhé hon d6 hydrat
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hod cua cac ion bi thay thé, trong dung dich mudi hodc acid ddm dic hat nhya s& bi co
lai do nuéc di ra dung dich.

Mirc d6 truong ctia hat nhya ciing phu thudc vao sd luong ndi ngang trong
polymer. Luong nbi ngang 16n, d6 truong s& thap. Dinh lugng mbi quan hé nay rat kho
vi dinh luong chinh x4c ndi ngang thuong kho biét dugc (khé xac dinh phan nao trong
polymer tham gia phan ng, mic du ham lugng chat tao ndi ngang biét dugc).

Trong khi trwong, cdu trac cta hat nhya thay d6i dang ké - gidng nhu cac chat
HT khong ran dién hinh, vi vay voi nhya trao ddi ion xép, cum tur ‘do xép vi mo-
microporosity’ va ‘dd x6p gitra cac phan tir - intramolecular porosity’ khong dugc sir
dung. Trong qua trinh hap thu trén nhwa TP, polymer truong, c6 nghia, nhya 13 mot
dung dich vi phéan tir trong polymer lién két ngang va kha ning hap thu cta nhua c6
thé dy doan tir do truong. BJ truong cho ta du doan dinh lugng cua téng thé tich
chiém bai chat 1ong vi phan tir trong polymer xdp. Thudng thé tich nay khoéng quan
trong so v6i thé tich 16 x6p tong — thé tich ndy gip hing trim lan. Truong c6 thé giam
d6 bén cuia polymer va giam thoi gian sir dung cua hat nhua.

Véi nhya TD 1on, cum tur ‘kha ndng thdm’ c6 thé dung nhung véi1 mot nghia dac

biét.
Qua trinh trao d6i ion c6 thé biéu dién qua nhiéu cac giai doan:
+Cac ion thay thé di chuyén tir dung dich dén bé mit chat HT
+Céc ion thay thé di chuyén bén trong chat HT dén cac tim trao doi
+Phan tng trao ddi (hoa hoc) — tinh chét cua phan tGng trao doi
+Cac ion bi thay thé di chuyén tir tim hip thu trong chat HT dén bé mit
chat HT

+Di chuyén cta cac ion bi thay thé tir bé mat chat HT ra dung dich.

Kha niang tham ctia nhya TD ion c6 thé x4c dinh boi giai doan 2 ciia qua trinh,
phu thudc vao gia tri hép thu ion va hé s6 khuéch tan, va sau do 1a kich thudc cua ion
khuéch tan va do bén ciia moi truong. Hé s6 khuéch tan cia ion thay thé, bi thay thé,
cling nhu giai doan 2, 5 ctia qua trinh, s& quyét dinh dong hoc cua qua trinh. Luong ion
bi nhua hép thu phu thudc vao ai lyc cua ion ddi voi nhua, do truong va quyét dinh
dong hoc hay tinh hoc cua trao ddi ion. Vi vay, kha nang thAm cua nhya TP ion phu

thudc vao dong hoc, tinh hoc cua trao doi ion, ca hai déu phu thudc vao do truong.
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Kha nang truong cua nhya xac dinh kha nang chon loc. Nhya truong nhiéu c6 thé
gifr léy cac 1on kich thudc khac nhau, c6 nghia d§ chon loc kém. Nhya c6 do truong
kém c6 kha nang hip thu cac ion nho t6t hon so v&i cac ion 16n. Pay 1a nguyén tic co
ban cta phuong phép ’ludi loc trao doi ion’, theo cach ndy, cac ion mang dién tich véi
cac kich thudc khac nhau s€ bi tach ra. Vi dy, st dung nhua trao ddi co dd truong thép
s& tach dugc ion kim loai ra khéi mot hon hop cao phan tir nhu protein - thuong thi
loai nay khong hap thu. Tach cac chat khoang hoan toan khoi streptomycin thuc hién
bang ludi ion. Anion c¢6 kich thudc khac nhau ciing c6 thé duoc tach ra bang cach
tuong tu.

Str dung luéi trao ddi ion theo cac do truong khac nhau, co thé tach cac ion véi
kich thudc gﬁn nhau ra. Vi du, insulin c¢6 thé tach ra tir hdn hop céc chit hitu co cao
phan ttr.

Céac ion c6 kich thudc rat 16n chi co thé bi hép thu boi nhua trao d6i ion c6 do
trwong tot, qua trinh hip thu dién ra trong toan bd chat HT. Nhya TD c6 dd truong
thap va su day dic ciia cic nhom phan ly ¢ trong nhya s& 1am giam kha nang hap thu
cac 1on hittu co (mdt phén cac nhom nay bi cac ion 16n ¢ dinh trong nhya, cac nhom
nay khong tham gia phan tng trao d6i). Bé ting d6 hap thu cac ion 16n nén s dung
nhya c6 kha nang hép thu téng cong nho ( vi du nhu ion Na). V&1 muc dich nay, nhya
chtra mgt luong nhém hydroxyl du 16n — lam tang dd truong , cdc nhom c6 kha nang
trao d6i duoc sip xép mot cach twong d6i rong rai hon (rarely). Diéu nay 1a can thiét

nhu nhya carboxyphenol-formaldehyde.

2.4.4. Nhwa co do xo‘p Vi mo

Céc cong trinh nghién ctru trong tong hop nhya TP ion c¢b ging tao ra chat HT ¢6
do x6p tuong duong voi than hoat tinh. Cac nd luc déu thét bai khi cb géng giam do
ndi ngang trong khung C cta copolymer va sir dung cac loai monomer khac. Thay doi
cAu tric cuia polymer bang thay doi diéu kién polymer hoa t6 ra co két qua tot hon.

Mot trong cac cach tao khung C c6 do xép vi md 13 dua thém céc chét tao bot
trong qua trinh copolymer hoa cdc monomer — cac chit nay phan huy nhiét, tao san
pham khi. Tuy nhién phuong phap chinh dé tao do x6p cho nhya x6p vi mo 1a thém
mot ciu tir th 3 — khong tham gia vao phan tmg, dung méi tot cho monomer va hoa
tan polymer kém. Din dén san phdm copolymer s& trwong trong méi truong nay. Cac

chéat hay str dung trong copolymer hoa ctia styrene va divinylbenzene 1a n-heptane,
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isooctane, cac alcohols bac cao. Sau khi copolymer hoa xong, trong dung dich nudc,
c6 mit cac chat nhii hoa, chat hoa tan s& chira dung trong copolymer xdp, duoc tach ra
bang chung luyén. S& tao ra cac 16 x6p kich thude da 16n trong polymer.

Nhiéu nghién ctru cho ring, ciu triic va dic tinh ctia copolymer san pham khac
’bo khung’ v6i nhua trao d6i ion tiéu chudn. Copolymer tiéu chuan khéng mau, trong
subt, nhu thuy tinh; nhya trao ddi ion loai méi duogc goi 1a nhya c6 dod lién két ngang
16n hodc ¢6 d6 xbp vi mé 13 md duc, tring nhu sita, khéi lwong riéng nho(density),
khoi lugng dung dich nhé (bulk mass), cac tinh chit co hoc va dong hoc dugc cai
thién, bén ho4 cao.

Nghién ciru chi tiét 46 xdp cua loai nhiwa méi nay cho thdy rang: dién tich bé
mit riéng 16n, thé tich xp tong cong phu thudc tic nhan lién két ngang va chit hoa tan
stt dung trong qua trinh téng hop. Mot yéu t6 quan trong khac 13 do tinh khiét cua
monomer, dic biét 1a divinylbenzene. Thuong pham m-divinylbenzene c¢6 kha ning
phan tng thdp hon p-divinylbenzene, vi vy mat do ndi ngang trong san pham
copolymer tong hop khi c¢6 divinylbenzene thuwong pham 1a thap hon mong mudn.
Hinh 20.3 chi ra su phu thudc cua dién tich bé mit riéng cua styrene/divinylbenzene
tao ra va lugng nbi ngang khi luong n-heptane khac nhau. Cho thay ring, ngay ca khi
copolymer tong hop khong ¢ chat hoa tan (pha loang) dién tich bé mit riéng chi ting
mot it ngay ca khi ham lugng divinylbenzene cao.

00~
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T ]

Fig. 20.3. Dependence of specific sur-

face area of styrene/n-divinylbenzene

copolymers on divinylbenzene con-
> tent:

1—synthesized in the absence of diluent; 2—

x 30 per cent n-heptane; 3—70 per cent n-hep-
-____1/'0 tane; 4—100 per cent n-heptane, .

&
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Ham lugng tac nhan lién két ngang ddc biét anh huong 1o rét dén do xop cua

copolymer khi lvong pha lodng ting. Néu dién tich bé mit trong khoang 10 — 100m?/g,
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chit lugng cia nhya véi gia tri nay co thé dat dugc khi téng hop voi lugng 16n n-
heptane va mot lugng nho hon cua divinylbenzene hodc ngugc lai, voi lugng nho n-
heptane va luong 16n divinylbenzene. Hinh 20.4 lam rd diéu ndy. Dién tich bé mit
riéng tang chi c6 thé khi sir dung mot luong 16n chit pha lodng va tac nhan lién két.
Trong bang 20.1, chi ra cac sb liéu vé dién tich bé mit riéng va thé tich 16 xbp tong cua
mot vai copolymer dugc xac dinh bang hap thu hoi hitu co va nito. Sé liéu trong bang
nay cho thay, trong mot vai trudng hop do xdp nito (do bang hap thu khi nito) thap
hon so véi do xdp methanol (do bang hap thu hoi methanol). Vi cac copolymer c6 do
x6p thap, 1am lanh cling anh huéng dang ké. Nhung voi cac copolymer ran chit c6
dién tich bé mat riéng 16n, 1am lanh khong anh hudng may dén kha nang sit chat va do

x6p nito cao hon d6 x6p methanol.

100 Frans
st \

50 H

L

1 "
0 2 W 0 &

Fig. 20.4. Dependence of specific surface area of styrene/n-divinylbenzene copo-

lymers on divinylbenzene and n-heptane content. (4 —content of n-divinylben-

zene in monomer mixture, B—amount of n-heptane added, per cent of mono-
mer mixture): :

1—S, = 10 m*/g; $—20 m?/g: 3—30 m'/g; €—40 m'/g; 5—50 m*/g; 6—60 m*/g; 7—70 m/g-.

5—80 m%g; 9—100 md/g; 10— 120 m'/g; zls{)—nzlg% m’/g; 12—250 m?/g; 13—270 m3/g; 14—
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Fig. 20.5. Dependence of den- Fig. 20.6. Swelling of styrene/n-divinyl®
sity of styrene/n-divinylbenzene benzene copolymers (70 per cent n-heptane)
<copolymers synthesized in the in benzene:

presence of 70 per cent n-hep- 1—4 per cent DVB; 2—20 per cent DVB: 5—40 per
tane, on divinylbenzene content, cent DVB; {—G0 per cBI{_EBD\-B; 5—100 per cent

TABLE 20.1. Specific Surface Areas and Total Pore Volumes of
Styrene/n-Divinylbenzene Copolymers. Diluent —

n-Heptane
CO‘Q{L‘;‘;“%}, n.t})einvz;enn};:]- Specific surface ar-ea, m2/g ngﬁt&%,:e

v /o content, % methanol nitrogen .cm3/g

0 4 o.1 0 0.030
0 20 17 .2 0 0.07:
0 60 23.6 — 0.160
0 100 62.7 0 0.080
70 4 3.2 0 0.034
70 20 55.0 0.7 0.320
70 40 85.6 - 0.480
70 60 88.4 278.4 0.460
70 100 94.2 423.3 0.440

Nhua TD ion d6 xp vi mé duogc tong hop véi dd xdp nito khoang 900m?/g, co
nghia gan véi than hoat tinh loai tot nhat.

Tang do xdp cung véi ting lugng tac nhan lién két s& lam giam khéi luong riéng
cua copolymer (hinh 20.5). Twong tu, d§ truong cua copolymer trong toluene va céac
dung méi tuwong tu s& giam twong tng (hinh 20.6). Diéu nay c6 thé noi 1én viée ting
mat d6 nbi ngang, c6 nghia, 1a ting nong dd ndi ngang trong copolymer khi ting lugng

tac nhan tao ndi ngang.
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Van dé dat ra: cu tric ctia copolymer d6 nhur thé nao? Tai sao do x6p tang khi
tang nong do lién két ngang? Van dé chua rd rang nay lién quan dén phuong phép tong
hop copolymer - thudng tién hanh trong dung dich. Cau tra 1o thuong 1a: anh hudng
ctia ban chat dung méi va ai lyc nhiét dong ctia n6 véi polymer.

Céc két qua thi nghiém cho thiy voi cing mét ti 1& dung méi-monomer trong hdn
hop phan tmg, cting mot lugng tac nhan lién két ngang d6 xbp ciia copolymer ting khi
chét luong dung moi thap. Chimg to ¢6 su anh hudng ctia ban chat dung méi 1én hinh
dang ctia mach polymer va cdu thanh mach trong qua trinh tong hop.

Qua trinh polymer hoa khong gian 3 chiéu dién ra trong dung dich hinh thanh
dang gel, c6 nghia, trong hé hai cu tir s& ton tai mang ludi khong gian ma dung moi
dugc chira trong d6. Trong truong hop nay, thuc nghiém da chiing minh hé s€ khong
tach ra (macrosepration). Vi vy gel s& ton tai trong toan bo thé tich dung méi thém
vao va sau do, dung moi bay hoi, thé tich d6 ton tai doc lap. Néu mang khong gian 3
chiéu cta copolymer hinh thanh rin chic, 6n dinh trong qué trinh bay hoi thi thé tich
16 xép s€ dung béng thé tich cua dung méi da chiém chd. Thuc vay, do ran chic cua
mang khong gian phu thudc dung méi dién ra qué trinh phan tng.

Néu ai luc cua dung méi ddi véi polymer cao, nghia khac 1a néu dung mai rat tot
thi né s& 1am co gian hé va hé tré nén dan hoi. Gel hinh thanh trong mot dung moi
khong t6t s& khong dan hoi ma s& dong cimg. Diéu nay s& anh hudng dén su co ngdt
dién ra khi dung méi bay hoi. Gel dan hdi s& co ngét nhiéu hon loai khong dan hoi.

Céc thi nghiém cho thay, sy co ngdt ctia mau khi c¢6 20 % DVB va 93,5% thé tich
toluene 1a 44%, trong khi d6 mau tao ra trong cung diéu kién nhung c6 mit cia n-
decane chi 12 9%. Piéu ndy c6 nghia khi dung méi duoc tach khoi gel dan hoi, thé tich
tréng con lai s& 16n hon nhiéu so voi gel khong dan hoi.

Piéu ndy dugc tinh todn mot cach dinh luong véi gia thiét toan bo dung moi
dugc tach ra. Khi d6 thé tich 16 xp (Vpor) s& bang thé tich ctia dung méi (Vsol) trir di
bién d6i thé tich AV cta mau khi co ngét.

Vpor = Vsol - AV (1)

D6 co ngodt o duoc dinh nghia 14 ti s6 thay ddi thé tich cua gel voi tong thé tich -

bang tong thé tich cua polymer Vpol va dung méi Vsol (gia st monomer dugc

polymer ho4 hoan toan va thé tich ctia polymer dung bang thé tich ciia monomer).
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AV

oQ=— (2)
Vpol + Vsol
Két hop lai ta co:
V por = Vsol - a (Vpol — Vsol) 3)
Thé tich 16 x6p tong cong :
Vsol Vsol
—a(l+ )
_ Vpor _ Vpol Vpol @)

o= Vpol.d - d

d 13 khéi luong riéng cua polymer

Trong cong thic 5 thiy rang thé tich 16 xbp tong cua copolymer phu thudc vao
luong dung mdi da dung va do co ngdt o, ma no6 lai phu thudc vao ai luc nhiét dong
ctia dung méi voi copolymer va phu thude vao do lién két ngang.

Vi vy, néu chung ta thay thé vao biéu thic 4, d6 co ngét s& 13 0,44 va 0,09. Véi
Vsol/Vpol = 0,93 véi mau tong hop khi c6 mit toluene va n-decane thé tich 16 xdp
téng s& 1a 0,07 va 0,81 cm?*/g. Cac sb lidu nay phu hop véi thuc nghiém. Vi vay, véi
cing mot ti 18 polymer / dung moéi, voi dung méi cang kém, d6 x6p cang cao.

Véi cung biéu thire d0, ¢6 thé thiy rang: ngay ca khi c6 mat dung méi tot nhat do
xbp duoc cai thién bang cach ting luong dung méi nhiéu hon. Dé thiy rd, phuong
trinh 3 s& biéu dién véi gel ¢6 d co ngdt o’ va a”’.

Vpor = V’sol - &’ (Vpol — V’sol)
Vpor =V’’sol - &’ (Vpol — V’’sol)

Néu do x0p cia cac mau la nhu nhau thi

V’sol —a’(Vpol + V’sol ) = V*’sol — a’’(Vpol + V’’sol) (%)
hoac

7 sol = V'sol(l1-a')—Vpol(a'"-a'") ©6)

1-a'

(I_QIV)_M(QVV_QV)

V'sol V" pol

e , (7)
V''sol l-«a

Thay gia tri a’=0,44 va o’’=0,09 vao (7), s€ tim dugc ti s6 thé tich toluene va n-

decane
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V'sol
V''sol

2,3

Vi vay, dé c6 cing mot gia tri thé tich 16 xbp tdng khoang 0,820cm’/g véi 20%
DVB trong hon hop thi thé tich toluene sir dung 16n gip 2.3 1an thé tich n-decane. Két
qua nay phu hop voi thuc nghiém cia Millar —copolymer c6 dugc khi lugng toluene
200 -300% cua monomer).

Duya trén phuong trinh 4, anh hudng cta lugng dung méi dén thé tich 16 x6p tong
vo1 cung mot muc do lién két ngang, c6 nghia, cung d0 co ngot, dugc biéu dién. Véi
muc dich nay, chung ta viét phuong trinh:

Vsol
_ Vpol

-(l-a)-«a
Wo

y ®)

R rang, trong phuong trinh 8, v6i cing cac diéu kién, thé tich 16 xbp tong cong
s& tang khi ting lwong dung méi Vsol trong hon hop phan tng.

Nhua c6 d6 x6p vi mo duge dic trung bai phan bd thé tich 16 xbp theo ban kinh.
Ban kinh ctia 16 x6p cua nhua TD ion va bo khung ctia no tir 100 dén 100A°, trong mot
vai truong hop ¢ thé dén 100 000A°.

Nhuya trao d6i c6 do x6p vi mo khong thé thay thé nhwa thong thudng (tiéu
chuan). Ca hai loai déu c6 tng dung riéng biét. Tuy vy, nhua ndy c6 nhiing tinh chat
dic biét. PO xbp cao 1am cho sy khuéch tan cac tac nhan phan tng dé& dang va vi tinh
chat nay nhiéu nhom chirc c6 thé phan ly duoc dua vao trong nhya dé ting kha ning
trao d6i. Nhua x0p vi mé c6 thé duge dung dé hap thu cac ion trong moi truong ma
trong moi truong d6 né khong truong, dac bi€t trong moi truong nudce. No lam tang do
bén co, va cdu tric ciia nd khong thay doi khi siy. Khi dung nhwa x6p vi mé, cac ion
khang sinh, cac hat keo c6 kich thudc 16m cé thé bj tach ra

Pé tach hat, kich thudcld xp can 16n hon gap 65 lan so véi kich thude hat.

C6 thé noi rang, yéu t quyét dinh trong téng hop cac loai nhua méi 1a céac
phuong phap thay doi cu tric. Dé c6 nhya TD ion voi cac tinh chit d6, can thiét phai
biét dugc dic tinh ciu trac ctia polymer va ban chit cia twong tac ctia né véi cac dung

moi.

2.4.5. Nhiét dong cua trao doi ion
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Phan Ung trao doi trén nhya cation ¢ dang acid duoc viét bang cac phuong trinh

don gian:
RH +Me"=RMe +H"
RH + NaCl = RNa +HCIl

Hang sb can bang :

K = %rva-fuc )
ARy -ANac

O day agy, arna: hoat do cua ion hydrogen va Na trong nhua

anac1 Va aycr: hoat do cua NaCl va HCI trong dung dich

Mot kho khian trong viée xac dinh hang sd can bang 1a can phai tinh toan chinh
xéac khong chi hé s6 hoat d6 cuia cac mubi trong dung dich ma con cta cac mudi trong
dung dich thu duoc tur qua tinh trao ddi ion, ¢ nghia, hoat d§ ayn,c| trong dung dich
HCI. Hoat d6 cta ion trong nhya ciing rat kho xac dinh.

Ngoai ra 1y thuyét cua trao do6i ion phai tinh dén sy truong cia nhua. Trong
truong hop nay nhua truong duoc xem nhu 13 mang thim thiu, dung moéi tham thau
qua, ting thé tich cta nhua. Cong dé chuyén 1 mole nudc tir dung dich vao nhua sé&
bang su thay doi nang luong tu do Gibbs riéng phan Api = TAV

4 'iz =z(V, V) (10)

a,.a,

RT In

aj, a,: hoat do cua ion trao do6i trong dung dich

a,,d, : hoat do cta ion trong nhua trao doi

7: 4p sut tham thau hay 4p suét truong

Vi, Vs: thé tich riéng cua ion trong chit trao doi

Phuong trinh 10 4p dung véi sy trao doi ctia cac ion c6 tinh chat gan nhau va
khong tinh dén kha nang thay d6i do truong trong qua trinh trao d6i. Trao d6i mot ion
nay voi ion khac trong chét trao d6i ion co thé gay ra su thay ddi thé tich. Theo Bresler
va Samsonov, trao doi ion trén nhua trao doi c6 thé truong duoc dic trung nhiét dong
hoc 14 sy thay d6i nang luong tir do khi dong ion A, tir dung dich di vao chat trao déi,
ddng thoi dong ion A, di vao dung dich va chuyén dung méi tir dung dich dén nhwa
trao doi hodc nguoc lai. Trao ddi ion dugc mo ta béng phuong trinh:

LA1+L22+71Y§<:>LZI +LA2+nYS (11)
Zl ZZ ‘ Zl ZZ ‘
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O day:
A, A;: 1on trong dung dich
4, 4,: ion bi hap thu bsi chat trao d6i ion
Z,, Z, : dién tich ion
ng: 6 mole dung méi chuyén qua khi 1 mg duong luong ion trao doi
S, S : dung méi trong dung dich va chit trao ddi ion

Bién thién ning luong tu do Gibbs trong qua trinh trao d6i bang:

1 1 1 1
AG=—1, +— 1, —Uu, —— i, +n AG 12
2 H, 2 H, 2 Hi 2 Hs sRUy (12)

Wi, Z,, W, Z,: hod thé cta ion trong dung dich va trong chét trao doi ion

AG: thay d6i ning luong tu do Gibbs trong cing v6i qua trinh trao d6i dung moi

Theo phuong trinh : x4, = u’ + RT Ina,

AG :iﬁl" +LRTlnc71 +L,uz" +LRTlna2 —L,uf —LRTlna1 —iﬁz" —LRTlnﬁ2 +nAG
Z Z Z Z Z Z Z ’

s
1 1 2 2 1 1 2 2

13
Tai can béng, AG=0, phuong trinh tré thanh

L RTING +——RTIna, = RTIna, + 2 RTIna, —n.AG. +r
Zl ZZ Zl ZZ

r: 1a mot hang so6 s€ bang tong hoa thé cta cac ion trao doi ¢ dieu kién ti€u chuan.

Khi chia ca hai vé cho RT, ta c6

AG
LRTlnc_zl+LRT1na2=LRTlnal+LRTlnc_12—n5 S+L
Z, z, Z, Z, RT  RT

a -1/Z, al/Zz r-n,AGy

ot S A RT 14
e

all/z‘ﬁzl/zz ( )

r—n AG,
DPai lugng ¢ *7 =K dugc goi 1a hang s6 trao doi.

Véi cac dung dich lodng hoat do duoc thay biang néng do. Phuong trinh 14 tré
thanh

™ _g4a (15)
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m;, m,: s6 ion dugc hép thu

C1, C2: ndng dd cua ion trong dung dich

2.4.6. Bo chon loc

Can béng trao doi ion trong nhya trao doi phu thuoc nhiéu véao loai nhom chirc va
do nbi ngang. Do ndi ngang xac dinh do chat cua cAu tric mang ludi va nhu thé s& anh
huong dén do x6p. PO ndi ngang khong thé do tryc tiép va hiém khi déng nht.

D6 ndi ngang thay doi tir vo ngoai dén tdm cta hat. Cac loai nhya méi thudng co
cAu trac chit, sép xép trat tu va thuong dugc goi 1a vat liéu c6 do x6p vi mo hoac xép
ddng nhat (macroreticular or isoporous materials). Loai nhua nay c6 cdu tric cac hinh
cau vi mo, ¢ d6 ndi ngang cao.

Céc tinh chit quan trong ctia vat lidu trao d6i ion 1a:

-Bao toan dién tich (a) trao d6i ion theo dung ty luong (b) dung tich phu
thudc vao ban chét cia ion déi.

~Trao ddi ion la mot qué trinh thuan nghich

-Tbc @6 khuéch tan trong hat hay xung quanh mang thuong khong ché téc
do trao ddi ion.

V6i hé hai cu tir

Biéu thirc can bang trao ddi ion thuong dugc trién khai tir qui luat tac dung khoi
luong hay 1y thuyét mang Donnan. Xét su trao doi cation A va B gifta nhya cation va
dung dich khong chta loai cation nao khac. Gia thiét rang, vat liéu trao doi ¢ dang B,
dung dich chtra cation A. Biéu thuc trao d6i c6 thé duoc viét

Z,B7 4z, A7 & Z A% +z,B"

Déu gach phia trén ky hiéu véi cac loai ion trong pha nhua, z,*, zg* 13 ho4 tri va

dién tich cua ion ddi A va B. Héng sb can béng nhi¢t dong K, duoc biéu dién:

g = (EA)ZB-(aB)ZA

(@) (a,)”

Mot khé khan 16n gap phai la cac hé s6 hoat dd, hoat d6 cua nhua. Trong thuc té
ap dung thudng gia thiét rang hé s6 hoat do cua pha long bang 1, diéu nay rat ding khi
dung dich loang. Vi vay, hé s6 hoat d6 cua pha nhya thuong dugc két hop trong hé“mg
s6 can béng K,, dé dua ra hiang sb chon lya K.

(KC); — (gA)Zj(CB)z:
(Cp)"(Cy)
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Thudng ngudi ta st dung phan ion duong lugng dé biéu dién ndng d6 trong dung

dich va pha ran. Vi vy, hé hai ca tir tr¢ thanh

4 Cc z,-z (yA)ZB-(xB)ZA
Ke)p (=) = A 2B
R ) = )

H¢ s6 phan bo m, dugc xac dinh

_ )’AC_j

4 x,C

glig!

m, =

Hé s6 tach o duoc dinh nghia

4 :yA/xA _YaXs

a
? VelXp  YpX,

Trao ddi ion hod trj 1: co nghia zy=zg= 1, hé s0 chon loc tr& thanh

(Kc)g — yA"xB — yA(l_xA) =0(;
ygxy  x,(1=y,)

Do thi dic trung cia K thé hién ¢ hinh 13.1-1

(k)

1.0 50

b

EY
FIGURE 13.1-1 Eguilibrivm ploi for univaleni-univalent exchange.

Néu K1, hat A uu tién trao doi, luc hut tré 1o rét khi K, tang. Néu K.<1 hat A it
wu tién hon hat B. Do chon loc ciia nhua trao d6i ion bi anh huong kha 16n boi do ndi
ngang. Nhura c6 d6 xp cao, it ndi ngang s& giam do chon loc v6i ion nhéd nay so véi

ion khac. Tang do ndi ngang, do chon loc tang (bang 13.1-3).
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TABLE 13.1-1 Calculated Values of K. for Sodium-Hydrogen
Exchange for Sulfonated Polystyrene-DVB

DVB (%) K. Calculated K, Observed
2 1.18 1.06
5 1.49 1.25
10 2.2 1.75
17 3.2 2.6

Source: Reichenberg et al.*

Gregor chi ra rang do trwong cta nhya trong qua trinh trao doi 1a két qua cta qua

trinh tham thau , 4p suat tham thau cta gel c6 dugc do suc cang cua cau tric nhya. Voi

diéu kién cung hoa tri, ion hydrat 16n s€ it thudn lg1 vi n6 can phai gian mang ludi ra.

Bang 13.1-1 va 13.1-2 thé hién cac gia trj K, nhu mot ham cua d6 ndi ngang cua trao

d6i Na va H. Tang do chon lya khi ting do ndi ngang c6 thé dy doan tir Iy thuyét.

TABLE 13.1-2 Calculated Values of K. for Sodium—Hydrogen Exchange for Varying Degrees of

Saturation
Fractional
Saturation
DVB (%) with Sodium 0.1 0.3 0.5 0.7 0.9
2 K, (calc.) " 1.18 1.23 1.27 1.29 1.31
K. (obs.) 1.06 1.10 k.11 1.14 1.16
5 K. (calc.) 1.49 1.59 1.68 1.77 1.86
K. (obs.) 1.25 1.40 1.45 1.41 1.29

Source: Gluekauf and Duncan.’

TABLE 13.1-3 Selectivity (K,) Scale for Univalent lons in Sulfonic Acid
Resins Using the Lithium lon as Reference

4% DVB 8% DVB 16% DVB

Li 1.00 1.00 1.00
H 1.32 1.27 1.47
Na 1.58 1.98 2.37
NH, 1.90 2.55 334
K 2.27 2.90 4.50
Rb 2.46 3.16 4.62
Cs 2.67 3.25 4.66
Ag 4.73 8.51 22.9
Tl 6.71 12.4 28.5
Source: Bonner and Smith.®

Bonner va Smith dua ra d§ chon lya ctua cac ion hoa tri 1 1ay Li lam chuan so

sanh. Thang chon lwa (bang 13.1-3) iy co so trén tham sé K, va tuong dwong chi ra

d6 chon lya cai thién khi giam kich thudc ciia ion hydrat va ting 6 ndi ngang.
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Trao ddi giita ion hod trj 1 va ion hoa tri 2
Luc nay z,=2, zg=1, biéu thtc hé s6 chon lira tré thanh

(K (C) = 2al=x)
¢ x,(=y,)
Quan hé gitta y, va X trd nén phu thudc nhiéu vao C, ndng d6 pha long. Gian d6
can bang thé hién & hinh 13.1-2. RS rang, d vu tién cta A tang nhiéu khi ndng 4o
dung dich giam. Tang ndng d6 din dén 1am giam d6 chon lwa cta ion hoa tri 2 so véi

ion hoa tri 1.
&4 (£

1000
50

10 -

08
s 08

04

02

0 07 o4 o5 05 1o

Xa
FIGURE 13.12 Equilibrium plot for divalent-univalent exchange.

Thang chon loc cua ion hoa tri 2 duge cho ¢ bang 13.1-4. Gia tri cua don vi léy
theo ion Li. Bonner va Smith hiéu chinh gi tri hiang sb can bang véi gia sir cac hé sb

hoat d6 bang sir dung phwong phép phat trién ctia Argersinger va Davidson.

1
logK, = Ilog(Kc y—B)d(_?A
4
0

A

Phuong trinh Gibbs-Duhem.

Trao doi anion:
Cac gia tri mo rdng cua hé s6 chon loc véi nhya anion ki€ém manh cua loai
amonium bac 4 dugc cho ¢ bang (cia Baunman va Wheaton, Kunin va McGarvey,

Grogor va dong nghiép). Gregor va dong nghiép chi ra hai loai ion: loai it thay d6i hé
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s6 chon lya theo thanh phén va loai phu thudc thanh phén. Loai phu thugc thanh phﬁn
dugc cho 1a hinh thanh cluster trong pha nhua trong khi do loai khong phu thudc thi
phan bd ngiu nhién tai can bang.

TABLE 13.1-4 Selectivity (K,) Scale for Divalent Cations in Sulfonic Acid
Resins Using the Lithium lon as Reference

4% DVB B% DVB 16% DVB

ud, 2.36 245 334
Mg 2.95 3.29 3.51
n 313 347 3.78
Co 323 74 3.81
Cu 3.9 3.85 4.46
Cd 3.37 3.88 4.95
Ni 345 393 4.06
Ca 4.15 5.16 7.27
Sr 4.70 6.51 1.1

Pd 6.56 9.91 18.0

Ba 7.47 11.5 20.8

Trao dbi ion nhiéu cau tir

vé ly thuyét, trao doi ion nhiéu ciu tir 1a rat phuc tap, dac biét néu cac ion c6 hoa
tri khac nhau. Can bang trao doi ctia cac ion cung ho4 trj 13 don gian vi chiing ta gia sir
rang hé s6 chon lua hay thira s6 tach 13 hang s6 trén ca diy nong do ion.

Xét hai cdu tir i va j, thira s6 tach duoc dinh nghia
YiX;

XY

J =
aj—

(ngay ca cac ion khac hoa tri, gia st a 13 hang s cling c6 thé chip nhan dugc).
Néu tong sb ion trao d6i dugc 1a n, thi s& c6 n-1 phuong trinh doc lap. Dé tim cac ndng
d6 pha 16ng tir cac ndng d pha ran, phuong trinh trén c6 thé dugc két hop thanh
k
o Y a;y;

- Z“;yi ) Zafyj
7 7

Gia stir dugce ap dung cho tAt ca cac cau tu, k ky hi¢u cho cAu tir duoc chon tuy y,

al, al, af labang 1. Biéu thirc twong tw c6 dugce bicu dién y; theo x:

i
x ax;

— i —
YVi= j - j
2aix;  Dalx
J J
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Néu x; 12 hang s6, yj 1a ham tuyén tinh cta céac gia tri y khac. Tuong ty, néu y; 1a
hang s6, x; tré thanh mot ham tuyén tinh theo cac gi tri khac cta x. Xem xét hé 3 cau
tir A, B va C. Gia str cac ion la hoa tri 1, thi (K,); =« , (K,): =al, (K,) =af.Tu
do

ajalal =1

Can bﬁng hé 3 cu tir c6 thé biéu dién trén gian d6 tam giac. Puong ké ngang doc
déu din cua gian do thé hién thanh phan ciia mot trong cac pha (thuong 13 pha ran):
thanh phan cua pha khac c¢6 dugc bang mot nhém cac dudng vong quanh., mdi duong
tuong tng véi ndng do cua cac cau tir. Hinh 13.1-3 gian d6 tam giac cho hé gia thiét

coa, =2, al =2.

itgGUItzE 13.1-3 Graphical representation of temary constant-separation-factor isotherm o = 4,
Puong quanh (truong hop nay 1a dudng thing) véi x,=0,1 c¢6 dugc bang ndi
diém cit ctia n6 véi dudng yp=0, yc=0. Céc diém cit c6 duogc tir gian do can bang hai
ciu tir A-C va A-B. Vi hé hod trj 1 va 2, thira s6 tach (o) thay d6i theo thanh phan.
Vi vdy, anh huong ctia ndng do phai tinh dén khi biéu dién cac s liéu can bang. Trong
truong hop nhu thé, ciing c6 thé vé& gian d6 bac 3 twong Gmg va mot vi du cua thira sb
tach bién thién, can bang thé hién trén hinh 13.1-4. Pudng vién bay gid 1a dudng cong

do vay véi mot thira s6 tach bién thién h¢ c6 thé dugc xem nhu 1a mot h¢ thira s6
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FIGURE 13.1-5> The effect of solution concentration on the separation factor in the Ma™-H™ system, For
the 8% DVE msin; O, 0.0 NCI7; %, 0 I NCI; and +, LONCI™.
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FIGURE 13.1-6 The effect of solution concentration on the separmation factor in the K-H system. For the
B% DVE resin: 7, 0000 NCI7; =, L NCI7; and +, LONCE .
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FIGURE 13.1-7 The effect of solution concentration on the separation factor in the K *-Na®™ system. For
the 8% DVB resin: 0, OOINCI™, 2, LINCI™; +, LLONCI™.
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FIGURE 13.1-8 Temary equilibria for the system H*-Na*-K*: 1.0 N C17, 8% DVB resin. The curves
are estimated from binary dats and solid circles (®) represent experinental points,
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FIGURE 13.1-9 Temary equilibria for the system H*-Ma*-K*: 0.01 NC1°, 8% DVE resin. The curves
are estimated from binary data and the solid circles (@) represent experimental points.

2.4.7. Dong hoc qua trinh trao doi

Dong hoc cta qua trinh trao ddi ion dugc chia lam 5 budc

1. Khuéch tan cta ion dbi qua 16p dung dich dén bé mait chat trao d6i ion

2. Khuéch tan ion ddi trong pha rin

3. Phan tig ho4 hoc giit ion d6i v6i chét trao d6i

4. Khuéch tan cua ion d3 bi thay thé ra khoi chat trao d6i

5. Khuéch tan bi trao doi tir bé mat chit trao ddi vao dung dich

Budc 4 va 5 1a nguogc lai voi bude 1 va 2. Bong hoc cia qua trinh dugc quy dinh
hodc co ché khuéch tan hodc co ché trao ddi chat phu thudc vao budc nao cham nhat.
Nhin chung, khuéch tan ciia ion trong dung dich bén ngoai duoc goi 1a Khong ché
khuéch tan mang (film diffusion control). Khai niém nay rat can thiét trong thuy dong
hoc. Su khuéch tan hay van chuyén ion trong pha trao ddi duge go1 Khéng ché khuéch
tan hat. Phan Ung hod hoc tai cic tdm trao ddi co thé 1a tbe do khéng ché qué trinh

trong mot vai truong hop cu thé.
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Qua trinh khuéch tin
Nhén manh rang: dong hoc khuéch tan don gian 1 trudng hop 1y tudng cia trao

d61 ion. Chi can nhac can thian véi cac hé tai phan bé dong vi véi céc dicu kién bién
dugc biet. Thong thuong, gid thiét rang hat trao do1 ion la hinh cau va kich thuéc dong

nhat. Trong truong hop nay, qua trinh khuéch tan tuan theo dinh luat Fick 1

J;=ﬂgmdc;

Ji 1a dong khuéch tén hat i c6 ndng d6 Ci, D 1a hé s6 khuéch tan. Helfferich da

giai quyét van dé toc do trao ddi dwa trén dinh luat co ban nay.

Ban chat cta buée quyét dinh tdc do duoc du doan khi sir dung céc diéu kién don

gian cua Helfferich

@ 5 + M) << 1 Khéng ché khuéch tan hat
CDr,
ggf (5 + 2ag) >> 1 Khéng ché khuéch tan hat
0
CadCu
txo | 1=0
f))fvt f«flﬁ

|
|
Film | lon exchonger | Film

"_—_"\"Jz«: :»t’&E
s s —
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Film diffusion control

Porticle diffusion control
FIGURE 13.1-10 Radial concentration profiles for ideal particle diffusion control and ideal film diffusion
control (schematic). The right sides of the diagrams show the profiles of species A (initially in the ion
exchanger) and the left sides those of species B (initially in the solution). The various curves are for
different comact times. Figure reproduced from F. Helfferich, Jon Exchange, McGraw-Hill, New York,
1962. Available from University Microfilms International, Ann Arbor, ML
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Néu khuéch tan mang nhanh hon nhiéu so véi khuéch tan trong hat trao doi ion
thi chénh léch ndng d6 trong mang long giam ngay (hinh). Bién thién ndng do trong
chét trao d6i va khuéch tan hat 13 budc khéng ché tdc d6. V& mat dinh luong, khuéch
tan hat 13 rat phtc tap vi pha ran bén trong chi mot phan sin c6 nhu 1a méi truong
khuéch tan. Phan 16n phia bén trong hat 13 mang lu6i cua chit trao ddi va din dén c6
su che chan vé khong gian, dudng khuéch tan tré nén ngoan nghéo. Ngoai ra, sy di
chuyén cua cac ion ddi bi gitr lai trong mot mang ludi cdc nhdém ion ¢d dinh trén mang
ctia chat trao doi. Vi thé, che chan khong gian va tuwong tac ion s& dan dén dong hoc
khuéch tan chim hon bén trong hat.

Trong diéu kién thé tich rat 1o, ph?m thay doi hay su dat dugc can béng duoc

biéu dién

6 <« Dxin’r
e1-5 Fion (-257)
Thu té, ion khuéch tan c6 d6 linh dong khac nhau. Lic nay, dinh luat Fick duoc
thay bang phuong trinh Nernst-Planck - dong hoc khuéch tan mang va hat trong hé 1y

tudng duoc biéu dién

Ji = =D, (grad C + %gm& q))

O day, ¢ 1a dién thé. Ly thuyét Nernst-Planck du doan téc d6 thuan, nghich cia
trao ddi ion khac nhau dang ké khi linh dong cta ion dbi khac nhau (hinh). Dic tinh
ndi bat nay 1a thé hién trén dudng cong ndng do bén trong hat. Néu mot phan ion c6
trong hat 13 nhanh hon, thi bién dich chuyén huéng vé tdm cua hat. Vi vdy, trong
truong hop nay, ndong do cia ion chuyén dong nhanh 13 rat nho & vo ngodi va cao &
tam cta hat. Do d6, hé sd khuéch tan giam theo huong vé tAm cua hat va duong 1é
chuyén d6i nhanh chéng. Tinh chat nay twong tu véi mé hinh lién tuc 16p vo hodc
khuéch tan 16p cho cac hat twong tac.

Pong hoc phan tmg hod hoc: kha ning phan tng hoa hoc gitta ion di va cac tim
trao d6i c¢6 dinh dugc nhan biét nhu 13 mot trong nhing co ché chung cia trao doi ion

trong nhirng di€u ki¢n nao do.
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o Conversion of H* 1o Na* form
- * Conversion of Na* toH* form
v Conversion of No* 10 5r2* form

- & Conversion of SrZtioNa* form
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FIGURE 13.1-11 Comparisons of forward and reverse exchange rates of two given counterions. The
exchange is faster when the faster ion (H” in H*-Na* exchange, Na* in Na*-8r** exchange) is initially
in the resin. Figure reproduced from F. Helfferich, Jon Exchange, McGraw-Hill, New York, 1962. Avail-
able from University Microfilms Intemational, Ann Arbor, MI.

Budc khdng ché toc d6 khong con 14 qua trinh khuéch tan nhu binh thudng ma 13

dong hoc phan g hoa hoc. Tdc do trao doi ion duge quy dinh boi héng s6 toc do cua

phéan rng hod hoc tuong ting. Céc dinh luit co ban cua dong hoc céd thé duoc st dung.

Pong hoc phan tmg ddng nhat: quy luat dugec mé ta bang phan tng hoa hoc bac
2, 2 phan tir c6 thé duoc xem la tuong tu voi qua trinh trao ddi ion. Mic du trao ddi
ion lién quan dén hé khong ddng nhit, dong hoc hoa hoc ddng nhit c6 thé ap dung véi
gia thiét pha trao d6i 1a mot chat phan ung tan hoan toan. Tc do trao d6i duoc bicu

dién;

dc
= = ky(Ca — CHCs — C)

1 n Ce(Cs — C)

| = ——
k(Ch = Cp)  CulG = C)
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FIGURE 13.1-12 Radial concentration profiles in particle-diffusion-controlled ion exchange with ions of
differing mobility. Figure reproduced from F. Helfferich, Jon Exchange, McGraw-Hill, New York. 1962.
Available from University Microfilms International, Ann Arbor, MI.
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FIGURE 13.1-13 Schematic diagram of a partially reacted ion-exchanger bead.
Vo1 Cy, Cg la n6ng do ban dau cua ion ddi trong vat trao doi va dung dich ngoai.
Hé sb k2 1a héng s6 tbe d0 bac 2 va C dic trung cho néng do ion bén ngoai cta ion ddi

c6 ngudn gdc tir pha ran tai thoi diém t. Phuong trinh trén duoc viét lai:

, . [_ Ce(l — X) ]

- j—'z(_zrn - Cn} E‘,,{C'pfzﬁ = Jf]

Chu y: khong c6 su bién thién nong do trong chat trao dbi ion va khong phu

thudc kich thudc hat.
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Hé phan tng di thé: Cac phuong trinh toan s& hoan toan khac néu chat trao doi
jon 13 & pha ran. Cac mo hinh 13 twong tw v6i cac mé hinh phat trién cho cic phan tng
trong pha ran. M6 hinh dong hoc duoc sir dung rat phit hop trong mot s6 qua trinh trao
doi ion nao do.

Mo hinh ’shell progressive’ hay ,shrinking-core’ gia thiét ring chit phan Gng ran
chtra ion d6i A chuyén vao hat trao d6i hinh ciu trudc tién. Phan tng gifta ion ddi va
cac tam trao doi dién ra trong vo hay 16p va tao ra 10p san pham rin duogc goi 1a 16p xi
(ash). Ban dau phan Gng dién ra trén bé mit ngoai cua hat, 16p bién giira tim phan tng
va tam khong phan tng dich chuyén dan din vao bén trong hat, dé lai phia sau mot 16p
phtl ciia cic chat di phan ung. Trong sudt qua trinh ndy, bién gidi phan Gng rd rét di
chuyén vao bén trong dugc hinh thanh, tao nén mot ving khong phan tmg, co lai theo
thoi gian.

Theo co ché ’shell progressive’ c¢6 thé 4p dung cho mét s6 qué trinh nao do6. Bat
ky 3 bude tiép theo nao, khuéch tan mang, khuéch tan 16p xi (ash) va khéng ché phan
ung hoa hoc ¢co thé quyét dinh toc do, phu thude vao diéu kién ban dau. Cac mdi quan

hé sau dugc xéac 1ap trong nhitng diéu kién cu thé

Liquid Film Diffusion Control

Ash-Layer Diffusion Control

Wl
=

Chemical Reaction Control

- Mo - _ 7]
! C,wk,“ a-Xxjy~]

Chu y: cac két qua trén gan véi cac truong hop chat phan ung pha 10ng thira
nhiéu. Tuy nhién, nhiéu tac gia khic co dugc cac két qua trén véi cac hudng tiép cén

khac nhau.

Bai giing’ Nhua trao déi ion’ TS. Lé Minh Dirc



40

3. Thiét bj trao doi ion
3.1. Chu ky hoat ddng ciia nhwa trao doi

3.1.1. Rua nguoc
Pay 13 budc du tién can thiét chuan bi cho qué trinh tai sinh hat nhya (d3 st
dung hét hodc bao hoa). Dong rira di tir dudi 1én.
Tac dong vat ly cua rira nguoc:
= Tang vat liéu duoc toi x6p hon, gian ra, sip xép lai 1am cho dong chét long
di tir trén xudng s& duoc phan bd dong déu hon khi hoat dong tré lai.
» Cin ban duoc ria sach khoi thiét bi
= Céc ion dugc phan bd dong déu hon trong toan bd tang nhua
Khbi lugng riéng cua hat nhya, kich thude hat, d§ nhot cua dung dich anh
huong dén kha nang lam sach hat nhya béng qua trinh rtra ngugc, dua cac tap chét lo
limg thai ra ngoai. Thong thudng, nudc duge dung dé rira nguoc vi str dung mot luong
16n, ré tién.
Trong mdt diéu kién nao do, hoat dong nhu mot may loc céc chét rin lo lung.
Khi lam mém nudc da xir Iy bang voi, 16p két tiia co thé hinh thanh trén tang nhya trao
d6i. Qua trinh rira 12 can thiét. C6 thé dung khi nén dé pha v 16p két taa nay trude khi
rira nguoc. Doi khi nguoi ta str dung cac hoa chat dé khdng ché sy hinh thanh cac khdi
két tha nay.
3.1.2. Tai sinh
Sau rtra nguoc 1a qué trinh tai sinh. Tac nhan tai sinh (TNTS) st dung phu thude
véao loai nhua va loai ion sé& trao d6i. Nhya anion duoc tai sinh béi dung dich NaOH
hoic Na,CO;. Nhiéu yéu t6 anh huéng dén qué trinh tai sinh:
= Loai nhua va luong ndi ngang.
= Loai tac nhan tai sinh.
= Thanh phén cua tﬁng nhya sau khi hoat dong.
= Téc do chay
= Nhiét do
= D9 tinh khiét ctia TNTS
= Nong do cua TNTS

= Thoi gian tiép xuc
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* Luong TNTS st dung

Néu tac nhén tai sinh 1 don hoa tri, thi ndng d6 ctia no it anh hudng dén qua
trinh giai hap cta cac ion don hod tri. Néu thé tich ciia TNTS khong du dé tiép xtic tdt,
quy luat nay s€ bi pha va.

Khi ting ndng do TNTS c6 thé cai thién duoc kha ning giai hip cac ion hod tri 2.
Nong d6 TNTS thong thudng 2-30%, hay dung nhit 1a 5-10%. Trong mdt vai truong
hop, két tia c6 thé 1am tit nghén ting hat nhya.

Vi du: gidi hép Ca tir nhya trao d6i cation béng H,S0,. Két tha CaSO, co thé
dugc thao di khi hoat dong gian doan. Dung néng do TNTS loang ban dau, sau do tdng
dan dén cudi qua trinh giai hap.

Cac 1on khac nhau, muc do gén vao nhya cling khac nhau do d6 kha nang giai
hép ciing khac nhau. Cudi qua trinh, cac ion khé giai hap s& bi giir lai trong tang nhua,
cac ion dé giai hép s€ bi rtra sach nudc rira nguoc. DG tinh khiét cia TNTS cling dugc
chuy.

Vi dy: Cl ¢6 4i lyc manh v6i nhya anion kiém manh loai 1. Dung NaOH (tai
sinh) c6 chira mot lugng Cl dang ké s& khong tét vi su giai hdp khong hoan toan Cl s&
lam giam kha ndng lam viéc cua hat nhua.

Téc d6 chay ciia TNTS 1a mot nhan t6 rat quan trong. Thoi gian tiép xuc phai
dam béao dé tai sinh dat cuc dai. Thoi gian phuy thudc vao tirng loai nhya, loai ion can
tach.

Vi du: nhua cation polystyrene da sulfonat hoa, c6 8% ndi ngang, tai sinh 30 phut
bang dung dich tuong tmg. Cung loai nhya ndy, luong ndi ngang 1a 12% thi phai can
dén 60 phut.

Céc anion CI,, SO,%, CO;> d& dang bi giai hip ra khoi nhya kiém manh. SiO,
tach kho hon, thoi gian tiép xuc 1a 90 phat dé tai sinh mot luong twong duong. Trong
lac d6 chi can 30 phut dbi véi cac ion khac. Trong trudng hop dic biét can luu ¥ khi
tai sinh nhya cation bang H2SO4. Khi dong chay rat nho, hodc nong do TNTS qué 10n,
CaSOy, sé tao ra, bit kin tdng nhwa. Khic phuc bang cach ting dong chay hoic giam
néng do H,SO,.

Mirc do giai hap s& quyét dinh hiéu suat tai sinh va ciing nhu kha ning lam viéc
cua hat nhya. Néu TNTS str dung dlng, déy du, cac ion c6 thé trao doi s& bi giai hép tur

nhya va nhya TD khoéi phuc lai khd nang lam viéc. Viéc nay chi phi cao, it st dung
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trong cong nghiép. Tai sinh thudng dién ra vdi mot mirc d6 nhat dinh, chi mot phan
dung lugng cua hat nhya dugce st dung. Can xem xét van dé kinh té 13n van hanh.

Co thé tang hi¢u qua tai sinh bﬁng cac tai su dung hoac tuan hoan trd lai TNTS.
Diéu nay c6 thé ap dung voi HCI cho viée tai sinh nhya TD cation vi khong c6 két tua
sinh ra. D& thyuc hién tudn hoan, TNTS duoc chia lam hai phﬁn:

-Phan TNTS d4 dung 1 lan: cho chay qua nhua trao d6i ion trude tién. Dong ra
duoc bo di.

-Phan TNTS tht 2 1a sach duogc thu hdi lai, sau khi chay qua nhya TP va tuan
hoan nhu 12 phan TNTS dau tién cho vong tiép theo.

Céch nay cai thién dang ké hiéu qua sir dung chat tai sinh. S6 vong tuan hoan cd
thé tang néu trén dudng cong giai hip tic nhan tai sinh van con t6t. Dong ion di ra
khoéi nhya trong subt chu trinh 1am viéc phu thudc vao mure do tai sinh sau khi nhya da
bao hoa. Cac ion c6 lién két v6i nhua yéu s& nam phia duéi cta 16p nhya va tao thanh
mot dong di ra. Trong thuc té khi xtr Iy nudc, ion Na di ra khoi nhya cation, silica
(SiO,) tir nhya anion kiém manh. Sy giai hdp hoan toan cac ion nay trong qué trinh tai
sinh cang phtrc tap, thi dong ion di ra khoi nhua s€ cang nho trong chu ky van hanh.
Dong ion nay khong 1 hang sb trong qua trinh van hanh vi Na con dong lai & day thiét
bi trong qua tinh tai sinh va bi giai hap bdi acid dugc hinh thanh trong qué trinh lam
viéc. Sau khi Na bi giai hap hét, dong ion 13 nho nhat. Khi Na bat ddu xuat hién ¢ day
thung, dong lai ting. Dong thai ra c6 thé duy tri 6n dinh hon bai rira ngugc sau khi tai
sinh hon 14 trude tai sinh. Thanh phan cta ting s& dong déu hon, s dao dong cua chat

lugng dong ra s€ giam bot.

3.1.3. Rua

Sau khi tai sinh, tﬁng nhua can duoc rira sach cac tac nhan tai sinh. Giai doan dau
clia rira 1d m& rong pha tai sinh vi 16p nhua trao doi van con tiép xtc v6i tac nhan tai
sinh. Véi 1y do nay, téc d6 rira khong 16n hon tdc do ctia qué trinh tai sinh. Su thay thé
ctia chat tai sinh khong duoc ngin can hay han ché trong sudt qua trinh tai sinh va rira;
dic biét khi dung H,SO4 vi CaSOy c6 thé két tia. Sau khi tac nhan tai sinh dugc thdo
ra, toc d6 rira c6 thé ting dé giam thoi gian rira. Cudi qua trinh rira, chat luong dong
thai ra dugc cai thién cho dén khi tit c4 tic nhan tai sinh thira bj rira ra hét 16p nhya.
Téc d6 dong rira cudi cung thudng 13 bang véi tbe d6 dong chay 1am viéc (operating

flow rate). Khi chét luong doi hoi cao hon, can thiét sir dung thé tich rira 16n hon dé co
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thé tuan hoan nudc rira va dua trd lai dong vao. Giam luong nude rira c¢é thé thyuc hién
duoc va diéu nay rat quan trong khi phai xt Iy mét luong 16n nude. Trong thuc té, thoi
gian dimg c6 thé giam, tuy vay, c6 thé din dén sy ting luong nudc rira.

Luong nudc rira can dung cho nhya styrene 1 50 gal/ft’. Nhya TP anion cAn mot
luong nudc rira it hon 50 gal/ft3 ddi v&i nhua bac 4 moi hay loai kiém manh, hodc 16n
hon 300 — 400 gal/ft3 tuy thudce loai nhya, tac nhan tai sinh va diéu kién cua nhua.

Nhua anion kiém yéu can luong nudc ruora nhiéu hon loai kiém manh, khi san
pham kiém manh kém chat luong, luong nudc rira ting khi c6 mat nhom kiém yéu.
Loai nudc rira ciing thay doi tuy theo tmg dung khac nhau.

Péi voi nude 1am mém, khr ion, nudc thd thuong thich hop véi nhya cation.
Nudc tho khéng nén st dung v6i nhya anion vi c6 thé xuat hién két tia CaCOs;,
Mg(OH),.

Nudc mém hay nudc thai ra sau vong hydro dap ung yéu cau. Trong mot sd

truong hop mong mudn st dung nudc khir ion.

3.1.4. Hoat dong

Sau khi rira, nhua c6 thé bat ddu lam viée. Viée ndy ciing duge goi 1a ° su thao
cin’ vi kha ning tai sinh ctia nhya da hét trong sudt qua trinh nay. Khi xtr Iy nudc chat
thai can thuong dung dé rira tAng nhya sau khi tai sinh. Sau mot khoang thoi gian,
dong nuéc ra duge chuyén tir dong thai sang dong st dung va qué trinh lam viéc bat
dau. Khi xtr Iy mot chat 16ng, sy phan lodng can duoc han ché. Thyc hién bang cach:
thao nudc rira xudng muc ting nhya trude khi cho chat long xtr 1y vao. Chat 16ng nay
s& bi pha lodng béi nuéc chiém trong cac khoang tréng cia ting hat nhuya, khi nong do
chét 1ong trong nudc giai hip du cao, dung dich dugc chuyén tir nudc thai sang nude
thu hoi. Qua trinh ndy goi 13 ’lam ngot’. Cubi cung, chu ky *thai ra’, rira sach chét long
qua trinh ra khoi tAng nhya trao ddi, viéc ndy *déng viéc 1am ngot’.

Chat 16ng qua trinh c6 thé bi pha lodng boi nudc chiém trong tang nhwra va trong
thiét bi; viéc pha lodng c6 thé gay ra sy dehydrate hoa ctia nhya do chét 1ong qua trinh
néu dam dic. Khi mét nuée hat nhya co lai ¢ thé gay rac rdi khi van hanh thiét bi
cling nhu co thé pha v& hat nhya. Thuong nhya dugc tai hydrate hoa ¢ dang huyén
phu, cac hat nhya cé thé né ra tu do khong bi chen ép cua céc hat khac. Sy truong 1én,
co lai cua hat nhua co thé dién ra trong qua trinh tai sinh. Tdc do truong cua hat can

giam thiéu dé tranh pha vo hat.
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Toc d6 dong chay hoat dong trong cdt trao doi phu thudc vao do nhét cua dung
dich xtr 1y, tdc do trao doi, néng do chit lo lung. V61 nhya cation dung luong 16n, va
nhya anion kiém manh tdc d6 trao d6i rat 1ém, co thé két thiuc véi chiéu day cua lop
nhwa tir 3 dén 4 inch, 2gpm/ft’. Do trao ddi ndy s& thay d6i, cac con sd nay dung dé
didc trung. V6i nhya anion kiém yéu, dai trao ddi s& rong hon va loai ndy rat nhay véi
dong chay. P9 nhay nay tao ra su thay d6i 16n vé kha ning trao ddi ctia nhya véi cac
tbc d6 dong chay khac nhau.

Ap suét trén tﬁng trao doi cling thay doi theo dong chay. Nhiét do, do nhot, cua
dung dich xur Iy.Ap suit roi ciing bi anh huong bai cac chit ran lo ling. Tang nhya bi
dong chit lai co thé do chit rin lo lung khi ap suat du 16n. Ap suét roi 16n c6 thé pha
v& hat nhya. Diéu nay thuong xay ra khi nhwa TD ion c6 lién két ngang yéu lam viéc &
tbc do dong chay 16n. Nhua nd ra trong qua trinh thao cin, ap suit roi ting trong vong
lam vi¢c. Du¢i ap suat 16n, nhya bi v& ra gay nén mat mat nhya.

Trong vong thao can, hinh thanh cac khe ranh. Diéu nay giy ra do cac chat lo
limg trong dung dich xtr 1y. Tang nhuya trao doi s& loc cac chat ran lo limg, tich tu phia
trén cua téng nhya. Khi nit ra, tao thanh cac khe xuyén qua 16p nhya, it bi can tro.
Binh thuong tﬁng nhua bi nén chat ¢ tam trong chu ky thado can. Nhua bi kéo vé phia
tam, nudc s& chay xudng theo thanh thiét bi.Véi duong di bi ngan lai, phan tang hat
nhya bi thdo cdn nhanh chéng, can tr¢ dung dich can xir 1y, nhya bi pha v& nhanh
chong.

Thiét ké tang trao ddi ion c6 anh huéng 16n dén két qua cua qua trinh trao ddi.
Phan bd hop 1y dong vao 1a can thiét dé ngan can cac anh huong 1én phan trén cua tang
nhua trong qua trinh lam viéc. Su phan b6 dong ra ciing khong kém phan quan trong vi
dung dich can xur Iy phai chay qua hét tAng nhua va hiéu suét trao ddi phai cao nhat.

Phan bd tac nhan tai sinh trén toan bd bé mit nhya cling quan trong dé dam béo

str dung toi da hat nhya va chét tai sinh.

3.2. Nguyén tic thiét ké

Yéu t6 quan trong trong thiét ké phan xudng trao d6i ion 14 cau hinh cua hat nhya
khi n6 twong tac voi dung dich. Lac trudc, tﬁng nhya ¢d dinh dugc xem 14 t6t nhét, bay
gid ta c6 thé Iya chon cac cong nghé hién dai hon nhu: giira ting tinh, ting dém dong,
tang so6i va thung c6 khudy tron. Luong chit rin lo lung trong dich cp vao co thé

quyét dinh cac kha nang chon lya. Nhya téng dém hoat dong nhu b loc hi€u qua, néd
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nhanh chéng bi tat néu ¢ chat ran lo ling, trong khi d6 tang soi c6 thé hoat dong khi
ndng d6 chét ran min dén vai trim phan triéu. Thung quay c6 thé hoat dong v6i lugng
bun chira 20% chét rin trong do, khong c6 hat nao 16n hon hat nhya.

Quy md cta phan xudng ciing 12 mot yéu t6 can xem xét khi thiét ké. Véi quy
mo rat nho, co thé thiét ké loai ting cb dinh v&i hé s6 an toan cao dé don gian trong
van hanh, khong nhiéu thiét bi khac. Ngoai ra, st dung trao ddi ion dong lién tuc co
thé giam dang ké chi phi dau tu véi cac phan xudng 16n.

Céc yéu tb trén két hop voi toc do dong chay cao trong tang nhwa dém co thé
tang toc do phan tng. Néi chung, cac dung dich lodng, trong duoc xir 1y voi tang cb
dinh hoac tﬁng dém dong, céc chét long duc hoac bun quang thuong dugc xur ly bdi

thung quay hay ting sbi.
3.3. Cac loai thiét bi thong dung

3.3.1. Loai tcfzng nhwa cé dinh (fixed bed)

Loai tﬁng ¢ dinh don gian nhat dugc thé hién trén hinh, dugc st dung trong mét
nha may xtr Iy nudc hién dai. Thung duge thiét ké c6 hai dau hinh dia, chiu ap luc, c6
thém céc ctra cong tac. Vat li€u 1a céc loai thép vai 16p 16t cao su hoac nhya. Thép
chéng ri ciing hay sir dung. C6 thé ché tao bang thung (kich thudc nhé) bang vat liu
composite. Chiéu cao cta ting nhya it khi 16n hon 1 m, nhung phai dé phan trén ké tur
bé mat trén cua 16p nhya khoang Im dé nhyua gian trong qué trinh s6i lam sach can

ban.
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FIGURE 13.3-3 Typical fixed bed. A, feed; B, effluent; C, backwash supply; D, backwash overflow 1o
resin trap; E, eluant supply; F. spent eluant; G, distributor manifolds; H, resin removal line; I, sccess
bole; J, drain; K, pressure gage and vent.

Huéng chuyén dong cua dung dich thuong 13 tir trén xudng, nhua nhu 1a mot
tﬁng dém, gitra cac hat khong c6 su chuyén dong tuong ddi. Tﬁng nhua duoc do béng
nhiéu cach khac nhau. Cach don gian nhét 13 d6 day cat vao phan day cua thing, cac
dng phan phdi duoc chon trong 16p cat ndy. Diéu nay c6 thé gip ric roi khi chit long
chiém céc khoang tréng trong 16p cét sé tao ra su tron 1an hat nhya va cat sau vai chu
trinh lam viéc. Dé khic phuc, c6 thé ding mot tAm san, ¢ duc 18, cac chén phan phdi
(distributor cups) dugc bat chit vao ddy. CAu tao nay tat nhién dét tién hon. Vi cdu
tao nay, toan bo ap luc s& tic dong tip trung vao ting nhua trong qué trinh chay.

Tai sinh nhwa c6 thé thyc hién trong cing thung nay, thyc hién dong tir trén
xudng v6i cung hé phan phdi nay. Tuy nhién, hiéu quéa s& cao khi dung dong tai sinh
nguoc chidu. Dong tac nhan giai hap tir dudi di 1én xuyén qua ting nhua, ting nhua
duoc gitt khong duoc soi 1én. Nhiéu cach dé gilt ting nhwa khong soi 1én 1a st dung
ong thu c6 nhiéu 16 dit ngay sat trén bé mit ting nhya va thay cao su vao phia dudi
hoac trén tﬁng hodc chon vao trong nhya dé tranh sy chuyén dong khi chét long di
nguoc lén trén.

Trong qué trinh 1lam viéc, bé mat trén cua nhua hoat dong nhu 16p loc hi¢u qua

véi cac hat nhé min trong dong cap vao. Can thiét phai rira ngugc hodc lam soi tang
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nhua bang nudc sach dé tach cac chét ran nay thai ra ngoai cubi mot chu ky lam viéc.
Str dung hé phan phdi dong & day va dng thu & nép trén thung.

Mot ky thuat thong thuong dung dé 1am sach nuéc 1a st dung tang hdn hop cua
nhua trao d6i cation va anion, thuong thi hai ting anion va cation tach riéng nhau ra.
Str dung cot nhya hon hop nhu thé co thé dat duoc do tap chét rat thép. Viéc tai sinh
cac cOt nhya nay thuc hién véi cac loai nhya trao doi anion va cation c¢6 khoi luong
riéng khac nhau. Sau khi tdng nhwa duoc lam s6i 1én bang nude, nhya anion s& hinh
thanh mot 16p riéng biét trén mat cua nhua cation. Hai 16p duoc lang xudng va duoc
tai sinh lan luot qua cac bude

+Trudc tién dung dich kiém duoc cho chay tir trén xubng tir hé thong phan phdi
duoc dat ngay sat trén tang nhwa va duoc 1ay ra bang dng phan phdi dit gan bé mit
phan chia cua hai 16p.

+Tiép dén, rira nhanh dé loai kiém va tac nhan tai sinh acid dugc cho vao tai 16p
phan chia va 1dy ra & dudi tang nhua.

+Tang nhya dugc khuay tron bang khong khi sau khi rira sach acid thira.

Can it nhit hai téng nhya c¢b dinh dé hoat dong lam sach nudc dugc lién tuc,
nhung thuong dugc dung trong qua trinh thu héi. Diéu nay cho phép ap suit téng luén
& dudi muc cho phép, mdi ting hoat dong téi da trude khi tai sinh. Qua trinh duoc diéu
khién tu dong qua nhiéu chu ky lam viéc va khong ché toc d6 dong cp vao & mot toc
d6 tinh toan trudc. Can dén 6 van tu dong dong mo dé diéu khién (ty dong) hoan toan

hoat dong cua 1 thung.

3.3.2. Loai tang déng

Loai hoat dong ban lién tuc dugc st dung la thung cé téng dém, dong, nguogc
chiéu. Thuy lyc dugc dung dé chuyén tﬁng, piston hodc bom dung dé van chuyén
nuée. Nhidu thiét ké khac nhau dugc dé nghi nhung chi c6 hai loai trd thanh thuong
pham: ky thuat Higgins va cua Porter (thiét ké, Asahi Chemical Company of Japan
phat trién). Chu ky Higgins duogc phat trién béi I.R.Higgins va Roberts & Oak Ridge

vao nam 1954, dugc mo ta trén hinh
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FIGURE 13.3-4 Higgins moving packed bed.

Hinh thé hién so dd cua thiét ké voi phan trich hodc xir 1y, chat 1ong chinh duoc
cép tur trén xuéng. Phan nay duoc ndi voi mot 6ng c6 duong kinh 16n, tao thanh mot
vong 1am viéc lién tuc, nhua chuyén dong ting dan trong sudt qua trinh trao doi. Nhu
vay s€ hinh thanh mdt dong cac hat nhya: tach, rda ngugc, tai sinh, rira va lai tach.
Trong qua trinh lam vi€éc binh thuong, nhya s€ hinh thanh nhu mét 16p dém khi & giai
doan tach va tai sinh, cac van A, B, C va D s& diéu khién dé hoat déng nay dugc doc
1ap v6i cac cong doan khac. Trong khi nhya chuyén dong, dong chét 16ng bén ngoai bi
chin lai, cac van A, C va D mé ra, cho phép nhwa chuyén dong nhanh dan do nuéc
chiém chd. Khi van A, C va D déng, bun nhya dugce rira nguoc trude khi mé van B dé
c6 thé lang trong phan rung.

Mot ¥ tuong do R. Porter dua ra nam 1956 theo thiét ké cuia Asahi. Y tudng nay
duoc Cong ty phat trién dé thu hdi Cu trong dong thai ciia cong nghé san xuét soi, hé

théng duoc phat trién rong ra trén quy mé thé gidi dé xu 1y nude.
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FIGURE 13.3-5 Aszahi moving packed bed. A, adsorption section; B, elution section; C, fluidized resin
hackwash; D, resin collection hoppers with screen top and nonretum valve outlet for resin; E, transfer and
hackwash water overflow; F, feed; G, barmren effluent; H, eluant; I, eluate product; J, backwash supply:
K, resin flow,

Phén chiét hay xir Iy gdm ting dém voi dong chay tir dudi 1én, nd s& day tang
nhua 1én phia trén ciia thung trong qua trinh 1am viéc. Cudi mot chu ky 1am viée, dong
cép duoc tit di va nhua lai roi xuéng day thung, kéo nhua da dugc tai sinh vao trén
dinh thap nho van mot chiéu. Khi dong cép vao bat dau tré lai, phﬁn nhua phia trén hé¢
phan phdi dong vao lai bi ddy 1én phia trén, phan dudi bi day ra phia dudi, ra khoi
thung, chuyén Ién dinh cta cdt - tai ddy nd bi lam so61 1én dé tach cac hat nho min.
Nhua ling xudng phia day cta cot rira nguge duoc cip vao thing tai sinh-hoat dong
gidng nhu cot trich.

Ca hai loai thiét ké nay lam viéc binh thuong véi tang nhya dém mong hon ting
nhua binh thudng. C6 thé lam viée ¢ téc d6 chay rit cao, nén thung nho hon thiét ké

binh thudng.

3.3.3. Loaqi tang séi (fluidized bed)
Tang nhya s6i thuong dugc st dung dé rira nguoc trong qué trinh trao do6i
ion.Tang s6i nhu 1a mot phuong phap dé tiép xuc hat rin véi long duge ap dung tir

nhirng nam 40, 50.
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Khi cac hat soi 1én, khéi lugng riéng cua hat chi 16n hon cua chét long mot it s&
khong tao ra cac bot khi 16n c6 cac ddc trung so61 voi khi; tuy nhién xdy ra hién tugng
s0i khac nhu van chuyén ciia hat va gian ctia ting nhua.

Mot vai thiét ké khac str dung ting soi dé tang tiép xuc gitra 16ng va hat nhua da
trinh bay trong tap chi va da trién khai trong phong thi nghiém dang pilot. Mot van dé
chinh cia cic y tuong nay 1a nhua chuyén ngugc dong véi chét 1ong theo cach nay co
thé khéng ché toc do dong nhua va nhua trong ting. Thudn loi cua tang sbi 1 tang
khong loc cac hat nhyra nhd min nhung cho phép né ra theo san pham 16ng. Ciing nhur,
khi khong tich luy trong tang s6i. Mot thuan loi khac 1a ap suét roi trén tang dém c6
thé bo qua, nhung diéu nay khong dung khi st dung van téc 16ng nho hon nhiéu — lam
cho phan xudng s€ phai 16n hon.

Thiét ké dau tién trén nguyén 1y ting sbi dé tiép xuc nhwa véi dung dich duoc
Dorr Company (chét lam mém Dorrco) dé nghi. Dung mdt cot chira nhiéu khay, trén
d6 nhua s& s6i 1én. Chét long di tir dudi 18n, qua 16p nhwra, nhua bi kéo di qua céc ting,
cap vao khay phia trén nho mot bom tia chéat 16ng (chay bang nudc san pham). Van
chuyén nhura tir cot trich ly dén tai sinh bang bom tia chit 10ng.

Mot nguyén tic hoat dong khac duoc Cloete va Streat; George cung dong nghiép
ciia Phong M6 dia chiat — USA dé nghi. K¥ thuét ndy dua trén nguyén tic chia cit dong
16ng theo chu ky nho vao mot loat ting soi, cho phép ting nhwa dong lai trén cac khay.
Toan bd lugng trong cot dugc chay béng trong lyc hoac bom nguoc chiéu khoang vai
tram milimet; cach van hanh nay 1am cho mot phan nhwa ting duoc van chuyén dong
thoi xudng tang phia dudi. Khi dong chay tir dudi 1én duoc bat dau tro lai, loat ting soi
duoc tai thiét 1ap. Co nhiéu ¥ tudong khac duoc dua ra, vi du nhu dé nghi ciia McNeill
va dong nghiép khi sir dung xung thip dé tao ra dong nhya chay, va Levin (nim 1995,
Vién thuy luyén quéc gia & Johannesburg, Nam Phi) dé nghi dong chét 1ong dimng dé
tao dong nhua nguoc chidu bang sa ling. Nguyén 1y ciia Cloete-Streat dugc mé ta &

hinh 13.3-6.
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TO ELUTION FIGURE 13.3-6 Cloete-Streat fluidized bed.

Trén nguyén tic ndy, uranium duoc thu hoéi tir nude thai lodng. Dich cap vao
chtra 200ppm uranium chdy ngugc qua cot c6 duong kinh 4,85m, tbc do6 332m’/h,
khoang thoi gian chay trude 13 4,5h. Cubi mdi chu ky, dong cap vao duoc dung lai dé
ling trong 5 min va sau d6 lai chuyén nguoc trd lai trong 5 min, trong thoi gian nay,
mirc dinh giam xudéng 400mm va khoang 6,3 m’ nhya duoc van chuyén xudng phia
dudi gitta mdi ting trong tong s6 12 ting. Dong chay trude lai duoc bat dau va 6,3m’
bun nhwa trong day hinh con cia cot duge van chuyén qua cot tai sinh bang bom. Vi
véy, dong chay trung binh cta dich ri (leach) 1a 320m’/h va nhya 1a 1,35 m’/h. Mdi
khay chira 9,25 m® nhua tang soi, gian gip doi so voi muc ling ctia nd do vén tde
dong cap bé mit 13 18m/h, dugc phan bd qua 1945 16 dudng kinh 12mm nam trong
khay, tao ra mgt dién tich mé béng 1,2% di¢n tich khay.

Nha méy dau tién duoc xay dung & Germiston, Nam phi dé tach Zn va Fe tir HCI
dd dung cho tiy rita. Nhiéu thiét bi 16n hon duoc xay dyng & Nam phi dé thu hoi
uranium ¢ cac mo: Randfontein Estates, Blyvoouitzicht, Chemwes, Harmony va Vaal
Reefs. Cung loai thiét bi v6i duong kinh cot 1a 3m c6 thé thu hodi vang vét tir 528m3/h
nudce thai mo tai mé vang Welkom ¢ Nam Phi, st dung than hoat tinh thay cho nhya
trao doi ion. Dong cap vao chira 30ppb vang, thu hdi khoang Skg vang mdi thang.

Céc nghién ctiru nguyén 1y co ban vé cong nghé duoc tién hanh & Dai hoc Hoang

Gia, Anh (Imperial College). Hinh 13.3.7 thé hién nguyén tic co ban clia nha may
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TO ELUTION FIGURE 13.3-7 Himsley fluidized bed.

Dong 10ng chay lién tuc ti dudi 1én qua nhiéu tang trong cot. Mot trong cac tang
1a ting nhwa s6i. Cac mé nhua duoc chuyén ndi tiép nhau tir trén xudng bang dao
nghich dong chay tur tﬁng nay sang tﬁng khac mot cach chon loc. Tﬁng duoc lua chon
dé van chuyén bi tut xuéng do chuyén dong chay, va sau d6 thay thé nhya di xudng
trong tang trong phia duéi. Mdi mé nhya trong day cot chuyén 1én dinh cot cua tai
sinh. Khay dugc thiét ké khac thuong vi chi c6 1 loai phan b nhu hinh 13.3-7. Sy
chuyén nguoc dong tir tAng nay sang tang khac cin cic cd cac van voi bom ma cong
suat ctia nd lon hon bom cap. Cac mang chan hay coc phan phdi & mdi tang ngan sy
tic nghet qua bom vén chuyén.

Porter thiét ké dic biét voi toc do dong rat 16n, hoat dong ngoai troi 1a cac thing
16n c6 nap mé duge sap xép theo tang. Vi cac thiét k& cii, dung dich chay tir ting nay
sang tang khac bang bom, cc thung lam bang xi mang, hinh chir nhat. Cac thung loai
méi 1a thép c6 16t cao su, cac thung dugc dit thap dan nén dong chay sé theo trong
luong. Dong long chay lién tuc, vao thung & éng phan phdi c6 15, dit ¢ vi tri thp ,
dong chay tran qua cac chan & trén dinh va cubi ciing chay qua mang chan dé thu lai
mot it nhya d3 vao. Nhua dugc chuyén gian doan tir ting nay sang tang ké tiép tir duéi
1én, khi tréng, bang cach str dung khong khi, n6 s& kéo xudng gan cubi mdi ting va
tuan hoan bun nhya, va dung dich vao trong ting tir dudi 1én. Nhya cho vao gian doan

& tang cap liéu, mo ta ¢ hinh 13.3-8.

Bai giing’ Nhua trao déi ion’ TS. Lé Minh Dirc



53

lon Exchange

AR
=>RESIN

g mrea=lrr
WAy

<<=
EFFLUENT

> <<=FEED
DISTRIBUTOR FIGURE 13.3-8 Porter fluidized bed.

Thiét ké 16n nhat duoc thyc hién ¢ nha may uranium Rossing, Tdy nam chau phi
(Namibia). Céc tang 14 cac thung hinh chir nhat 1am bang bé tong 16t cao su, cao 3,8m
v6i kich thude du tri 13 6,2m. C6 4 dong song song, voi tong ning sudt 3600m’/h, di
qua 5 tﬁng dat so le nhau, tc d6 bé mat 13 23m/h. Nhua trong moi tﬁng 1a 26m’, téng

lugng nhya st dung la 914m’.

3.3.4. Loai thiing khudy (stirred tank)

Phan ing ctia nhya v61 dung dich trong mot cai cde ¢6 khqu tron hay dugc thuc
hién trong phong thi nghiém dé khao sat dong hoc cta phan tng. Khi 4p dung trong
quy md ctia mot nha may, s& gip nhimg rac rdi sau:

-Khudy v6i toc d6 vira phai dé tranh mai mon nhua
-Thing trong diy chuyén phai c6 hiéu suat chuyén hoa cao
-Néng d6 nhya trong huyén phu phai thap

Vé6i k¥ thuat nay, ung dung chinh 1a trong hé ma dong 16ng cip vao chira chat
ran nhé min c6 thé 1am tat ting cd dinh hay c6 thé ddy nhya ndi ra khoi tang s6i do
khéi luong riéng hay do nhét cua chat long. Cong nghé nay dugc st dung thu hoi
uranium tir quing c6 thanh phan khoang sét cao. Cac khoang nay tao ra mot khoi nhao
1am chi phi loc cao 1én va vi vdy ndy sinh ra bai toan tach kim loai hoa tan truc tiép tir
dich ri (leach pulp). Cac nha may & My trong nhitng ndm 50, hoat dong trén nguyén ly
nay va duoc goi 14 kiéu nhya trong bun (resin-in-pulp-RIP). Phuong phap khuay tron
c6 1& don gian nhét 13 syc khi vao day thung tron.

M5t vi du dién hinh thé hién trén hinh 13.3-9.

ADSORBENT
=>IN PULP

SCREENED
PULP FEED
FIGURE 13.3-9 Stirred-tank resin-in-pulp process: sim-

ilar technology is used for adsorption with activated car-
hon
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Khi s& nang bun 1én dén mot sang rung, & ting trén va dong khi hoat dong lién
tuc tao 1am cho dong nhua chuyén dong nguoc chiéu véi dong dich quing (pulp:
quang nghién nho trong nudc). Thiét bi don gian nay st dung thu hdi vang tir nudce
quing sau khi chiét (leach pulp) bang than hoat tinh kich thudc 2-4mm. Coéng nghé
nay duoc ua thich dé tich vang & mot sé nha may moi caa My, Canada, Uc, Nam phi.

So d6 cong nghé don gian trong nha may tinh ché vang gdm nhiing thiét bi don
gian sir dung RIP, nhung thiét bi c6 diém khac biét co ban 1 giai hdp vang dudi ap
sudt va tai sinh than trong 10 nung 600-700°C.

Vén dé chinh trong thiét ké hoat dong theo nguyén Iy RIP 1a phai c¢6 nhiing mang
dé co thé tach nhua (hodc than hoat tinh) trong dung dich quing chay tran cua mdi
thung va cudi cting dén dong thai.Piéu nay khong chi gy tit do cin ma con lam hong
thiét bi va mai mon hat nhya khi rung dong. Carman va Read thi nghiém trén mat thiét
bi pilot ¢ gang lam ndi cac hat nhya trong dung dich quing véi mong mudn phat trién
cong nghé RIP khong c6 1udi loc dé thu hdi vang va uranium.

Y tuéng méi phat trién: chuyén tang soi ctia nhya noi trong thiét bi nude ri, goi la
nhya trong nudc ri (resin-in-leach) RELIX.Y tuéng mdi nay khong thanh cong khi ap
dung trén quy md 16n do vdy, phat trién chi tap trung vao dé dat dugc ning suit cao
v6i mai mon thap nhat bang cac tam ludi.

Mot dang luéi duge ap dung rong rii ¢ Nam Phi trong cac nha may trao ddi ion
la DSM (Dutch Sate Mines), ugi voi day c6 tiét dién hinh chir nhat. Céc thiét bi nay
ddi hoi 4p sudt tinh thap, khong di chuyén, gin chic chin. Mot loai khac do Laxen va
ddng nghiép dé nghi, cling twong ty véi kiéu ciia Shoemaker. Ca hai thiét ké luéi chay
tran dat chim dudi bé mat cia dung dich quing va dong chay tiép tuyén vai mang loc.
Laxen va cOng su dat dugc hi¢u ung nay béng cach bom khi qua mang, vdi tdm chén
sau mang dong chay rung dong dugc tao ra bai cac bong khi; trong kiéu cua
Shoemaker cac anh hudng tuong tur ciing dugce tao ra khi dua xung dé khudy tron. Toc
d6 dong dung dich quing qua mang voi toc 4o bé mat 1a 120m/h ¢6 thé dat dugc trong
thue té trong thiét ké ciia Laxen va dong su. Arden va dong su di st dung xung thap
dé lam sach mang trong thiét ké kiéu RIP.Sir dung khi dé khudy tron trong dung dich
quing duoc ap dung trong cong nghiép khoang san. Nang luong dung cho khudy trén
giam so voi khudy co hoc - thuong hiéu qua hon nhung chi phi ting. Hinh 13.3-10,
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mot kiéu nha may thu hoi vang tir nude ri ciia dung dich quing Nha may st dung thiét

bi khudy tron 6ng c6 duy trii dé khoi dong sau khi tit.
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FIGURE 13.3-10 Stirred tank for adsorbent-in-pulp process with resuspen-
gion slots in draft tube. Eigure reproduced from 1. Y. Oldchue, Fluid Miring
Technology, McGraw-Hill, Mew York, 1983,

.

The slots cut into the draft tube follow a suggestion from Australia. Canh khuay
dugc han vao phan trén ciia dng dé dam bao muc trén cua dich quing sa lang.

Thiét ké khudy co hoc dua trén tinh toan ning luong can thiét du 1am lo limg cac
hat ran trong thiing. Cac gid tri nay da c6 san ddi voi mdi loai canh khudy song khong
mAy tin cdy, d6i khi cho két qua trai nguoc nhau. Cac anh hudng cua khudy tron 1én

toc d0 mai mon cua nhya hay carbon phai dugc xem xét can than.
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Fig. 14.1. Scheme of a single-column process (a) and the time distribution diagram for
its stages (b). Left column of panel (a) corresponds to treatment of the stream (sorption). Right
column illustrates all other operations. The panel (b) presents the diagram for case of equal fluxes.
Jr = Jo. i.e. equal time spent for the sorption and other operations, # = fs.

Raw Raw
solution solution

L

r Regenerant * Regenerant
s N ~ ~
< i~
< =S S § £
E o =S E = S c
s .9 o = I o o .2
RS Yo T o v s
:5 || B8 sl 28
et
g St 8 s 3
iy i
S < < || 3
%, A A A

Product Regeneration
wastes

Fig. 14.2. Two-column scheme of stream treatment.
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Fig. 14.3. Time distribution of two-column processes with different ratio between ¢, and #;. The
time direction is clockwise.
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Fig. 14.4. A nine-column scheme of stream treatment. For simplicity, the scheme does not include
rinsing steps. Elution and regeneration are combined for the same reason. The stream treatment
step is performed simultaneously with five columns (columns I-V): regeneration step is performed
with three columns (VI-VIII). One column is excluded from the operation cycle to undergo service
operations such as reparation, replacement of the exchanger, etc.
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Fig. 14.5. Two simplest fAuidised bed systems: (a) ion exchange column with Auidised bed;
sorption front is formed but can be distorted by the longitudinal mixing: (b} continuous batch

reactor; the bed is Aluidised by a stirrer; no sorption front can be formed.

Fig. 14.6. Fluidised bed reactors with reduced longitudinal mixing: (a) series of batch reactors
consequently linked with each other. Such a system can be considered as one “psendo-columa™. (b}
column divided with perforated plates that protect the column content from longitudinal mixing.
The principle is similar to the system of batch reactors but one column can have many more
“compartments™ than the series of batch reactors in (a). (c) colomn separated with vertical baffles
simulating a set of small-diameter columns working in parallel. The front distortion is reduced
because the axial movements of the beads are inversely interrelated with the colomn diameter.
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Fig. 14.8. Formation of different types of beds dependent on the down—up flow rate of the solution.
(a) Packed bed (low flow rate): (b) expanded bed (increased flow rate); (c) fluidised bed (flow rate
high enough to suspend beads); (d) undesirable formation of packed bed at the top of the column
{very high flow rate).

Fig. 14.%. Disintegration of a bed consisting of beads with inhomogeneous density andfor hydro-
dynamic shape. The scheme is formally divided into five regions: packed bed at the bottom of
the column (1), expanded bed (2), fluidised bed in the middle of the column (3}, the bed with
expanded-like properties that can be formed under the uwpper packed bed (4). undesirable packed
bed at the top of the columa (5). Please note that the density of beads in the fluidised region is
very low and, thus, this part of the column cannot perform as a shorter fuidised bed of desirable

properties.
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Fig, 14.10. Scheme of the moving bed process. The grev background indicates the exchanger
loaded with target ions: the white background corresponds to regenerated material.
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Fig. 14.11. Water deionisation with Higgins contactor. The contactor consists of four parts con-
nected with large-diameter pipe-work: deionisation section (1), regeneration section (2), propulsion
section (3), and expansion section (4). Sections are separated by valves A, B. C, and D. Valves con-
trolling the liquid flows are not numbered. Light-grey background indicates a fresh ion exchanger;
dark-grey background indicates an exchanger loaded with ions. All ion exchange processes take
place during the first stage (left panel). A strong pulse of water provides the exchanger with
stepwise motion at the pulse step.
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