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Cong nghé khir ion dién dung mang Ia mot cong nghé khir man tién tién s dyng  Nhan — 03/04/2023
dong di¢n gitra hai dién cyc dugc phi mang trao doi ion dé loai bé muoi ra khoi DFQC dlAcht 05/06/2023
dung dich. So véi thiét bi khir ion dién dung thong thudng, viéc sir dung mang trao ~ €0ng bo 31/07/2023

ddi ion (khtr ion dién dung mang) gitp thiét bi t6i wu hoa hiéu suat khir mudi va

hi¢u qua su dung nang lugng. Nghién ctu nay da st dung polyvinyl alcohol,
glycidyltrimethylammonium chloride, va glutaric anhydride dé ché tao mang trao

dbi anion doc lap hodc dugc gan 1én dién cuc carbon. Mang composite Tir khéa
PVA/GTMAC/GA gilp giam d6 hap thu nuéc va cai thién kha ning dan dién cho
mang, glup mang co kha ndng tng dung trong dién cuc cua thiét bi khir ion dién
dung mang. Hiéu suat khir mudi cua mang trao ddi anion PVA/IGTMAC/GA khéng
thua kém nhiéu so v&i mang trao d6i anion cong nghiép, mé ra mot huéng mai
trong viéc ché tao mang composite tir nhitng hda chat ré tién cing voi phuong phép
san xuat nhanh gon va don gian.

® 2023 Journal of Science and Technology — NTTU

Mang trao d6i anion,

dién dung khtr ion,
polyvinyl alcohol,
glycidyltrimethylammonium
chloride, glutaric anhydride

1 Giéi thiéu nhit 4nh huong dén higu suat 1am viéc caa thiét bi MCDI
[14], trong d6 cAu tao ciia mang va cac nhém chuc c6
mit trong mang dong vai trd quan trong quyét dinh tinh
chit ciia mang trao ddi ion. CAu tao khung ciia mang trao
dbi ion quyét dinh d6 bén nhiét, 4o bén co hoc, do bén
héa hoc ciing nhu kha nang hp thu nuéc cia mang,
trong khi d6 cac nhom chirc ¢6 thé diéu chinh kha ning
hap phu va do chon loc ion cua mang [15].

PVA Ia mét loai vat liéu pho bién, ré tién va than thién véi
mbi truong, thuong duoc ding dé ché tao mang do kha
ning dé tao lién két khau mang [16, 17]. Tuy nhién, do
thiéu cac nhém dinh chirc ma PVA thuong c6 d dan ion
kém [18], nén thudng phai thém cdc nhom dinh chirc dan
ion khac nhu hydroxyl (—-OH), carboxylate (~COOH),
sulfonate (—-RSQ3), amine (-NH,), va ammonium tir cap
(-NRy) [19]. Cac hop chat nay ¢ kha nang tao lién két
khau mang vé&i cac nhom hydroxyl trong cau tric cia

Cong nghé khtr ion dién dung (Capacitive Deionization
— CDI) da va dang tré thanh mot cong nghé khir mudi
hién dai va dugc sir dung rong réi trong nhitng nim gan
day. CDI c6 nhimg vu diém nhu hiéu qua cao, d& sir
dung, gia thanh thip, va giam 6 nhidm th cip, nhat 14
dbi vé6i nhitng ving nuoc lo, noi c6 ndong do mudi thap
[1, 2]. Cong ngh¢ khir ion dién dung mang (MCDI) dugc
cai tién tir cdng nghé CDI bang céch gan thém mang trao
ddi anion (AEM) hoic mang trao dbi cation (CEM) Ién
trén bé mat dién cuc [1, 3] gitp ngan can sy chuyén dong
ctia cac ion ddi va chi cho phép céc ion cuing du di qua
mang vao dién cuc [4]. Didu nay giup ting cuong hiéu
sut va toc do khir mubi [5-8], ting cuong hiéu suit sir
dung dong dién [7-10], tiéu ton it dién ning va ¢ kha
nang tai st dung ning lugng [9, 11-13]. Mang trao doi
ion (IEM) 1a mot trong nhitng thanh phan quan trong
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PVA dé tao thanh cu tric mang ludi va cai thién kha
nang dan ion [20, 21].

Nghién ctru nay tap trung ché tao mang composite tir
polyvinyl alcohol (PVA), glycidyltrimethylammonium
chloride (GTMAC), va glutaric anhydride (GA) nhu
mot mang trao d6i anion doc lap hodc dugc gin 1én dién
cuc carbon, nghién ciru @6 hap thu nuée va kha ning
dan ion ciia mang, dong thoi s dung dién cuc phu
mang composite PVA/GTMACI/GA trong thiét bj
MCDI nham danh gia kha ning hoat dong ciia mang
trao d6i ion so Vi mang trao doi anion cdng nghiép.

2 Thuc nghiém

2.1 Hoa chét va thiét bi

PVA (98 %, M = (146.000-186.000) g mol ™) va GA
(95 %) mua tir Acros, Belgium. Than hoat tinh dugc
cung cap bai Cong ty Trabaco (Viét Nam). Carbon
nanotube da vich (MWCNT) dwoc mua tir cong ty
NTherma (USA). GTMAC (90 %), hydrochloric acid
(HCI, 37 %), kali hydroxide (KOH, 99 %), natri
chloride (NaCl, 99 %) mua tir Sigma Aldrich (USA).
Tam graphite (40 day 200 pm) duoc cung cip boi
Mineral Seal (USA). Mang trao d6i anion céng nghiép
(MCN, d6 day 100 pm) duoc cung cip bai Liaoning
Yichen Membrane Technology Co., Ltd. (China).

2.2 Quy trinh thuc nghiém

Chudn bj dung dich PVA 6 %: can 18,367 g PVA cho
vao cbc thay tinh c6 chira sin 281,633 g nudc cat. Hon
hop duoc khudy ¢ 90 °C trong 24 gid bang may khudy
tur gia nhiét thu duoc dung dich PVA 6 %.

Chudn bj gel trao doi ion tir PVA, GTMAC va GA: hoa
tan khoang 0,135 g KOH trong 3 mL nuéc cét tao thanh
dung dich KOH. Thém khoang 0,345 g dung dich
GTMAC va hdn hop trén vao cdc thay tinh chira 30 g
PVA 6 %. Hon hop trén duoc khudy tir gia nhiét & 60 °C
trong 4 gio, sau d6 tao két tinh PVA/IGTMAC (QPVA)
dang polymer tring duc bang cach nho tir tir ting giot
hén hop vao céc thuy tinh chira sén 150 mL ethanol.
Hoa tan hoan toan QPVA thu dugc trong 30 mL nudc
cét tai 90 °C. Hon hop sau khi hoa tan duoc chinh pH
= 5 bang cach nho tir tir dung dich HCI 0,1 M, thu duoc
hén hop QPVA. Tir hdn hop nay, tiép tuc thém (0,05-
0,5) g GA (1-10) % va khudy gia nhiét & 60 °C trong 4
gio, thu duoc hon hop PVA/GTMAC/GA.

Ché tao mdng trao doéi anion: cho 30 g hdn hop
PVA/GTMAC/GA vao dia petri nhya va siy kho &
nhiét d6 60 °C trong 12 gid. Tiép tuc sdy & 80 °C trong
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4 gid dé thuc hién qua trinh khau mach. Mang sau khi
say dugc ngam trong 50 mL dung dich NaCl 0,5 M
trong 20 phdt, tiép tuc ngdm trong 50 mL nudc cat
trong 20 phat. Sau d6 mang dugc lam khd bang cach
say 60 °C trong 12 gid. Mang trao d6i anion thu duoc
st dung dé khao sat cac tinh chat riéng cua mang.

Ché tao dién cuc carbon hogt tinh: 100 g dung dich
PVA 6 % dugc ha xudng nhiét do phong, thém tiép
0,818 g GA vao dung dich PVA 6 % va khuay trong 1
gio. Sau d6, 0,614 g MWCNT duogc thém vao va tiép
tuc khudy trong 1 gio. Tiép tuc cho 60,386 g than hoat
tinh (AC) vao hdn hop va ddng héa vai téc do cao
(14.000 rpm) trong 10 phat. Tam dién cuc dugc ché tao
trén tam graphite (20 x 30) cm, d6 day 200 pm). Dién
cuc sau khi ché tao dugc dé khd tu nhién trong 1 gio va
sdy & 120 °C trong 4 gio.

Bang 1: Tén mau va thanh phan

Ténmau | PVA KOH | GTMAC | GA
PVA 0 0 0
QPVA 0
1GA 1
25GA 100 5 . 25
5GA 5
75GA 75
10GA 10

2.3 Tinh chat cua mang trao doi anion
Phé hdng ngoai bién dbi Fourier (FTIR) duoc xac dinh
trong khoang (4.000-650) cm™! sir dung mang trao ddi
anion doc lap, duogc do bang ché d6 ATR trén thiét bj
Cary 630 FT-IR (Agilent Technologies Inc., Santa
Clara, CA)
2.4 Xéc dinh d6 hap thu nudc (WU)
Ngam mang c6 khéi lugng (0,1-0,2) g trong 80 mL nuéc
cat ¢ diéu kién thuong (48 gid). Sau do, thim kho nudc
trén bé mat mang bang gidy loc va xac dinh khéi luong.
Tiép tuc sdy mang & 60 °C trong 24 gid, can va xac dinh
lai khdi lwong mang sau sdy. Tién hanh phép do nay 3 1an
trén m&i mau khao sat va lay gia tri trung binh. Chi s6 WU
dugc tinh theo cong thuc sau:

WU (%) = 2wt khd 5 100 (1)

, Mkho

Trong d6: myet (g): khoi lwgng mang sau khi ngdm nu6c;
Mins (): khdi lrong mang sau khi say.
2.5D0 dan ion
Cét mau can do c6 kich thudc (1 x 1) cm va xac dinh do
day mang. Ngam mau trong 30 mL nudc ¢t trong 24 gio.
Tién hanh Iip mau vao hé do c6 dién tich trao ddi 1 cm?,
cho dung dich NaCl 1 M vao hé do. Str dung graphite dé
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lam dién cyc va thiét bi do dién hoa Gamry 1010E dé x&c
dinh d dan ion. Po dan dién ciia mang duoc tinh theo
cbng thuc:
L
RXA )

Trong d6: o (uS cm ™ 1): do dan ion ciia mang; L (um): do
day cia mang; R (Ohm): dién tré cia mang; A (cm?): dién
tich mang trao doi ion

o=

Hinh 1 Hé dién hoa khao sat d6 dan mang

2.6 Kha nang hap phy mudi

Str dung dién cuc c¢6 kich thudc (3 x 2,5) cm va do day
100 um. Tién hanh do hap phu mudi NaCl theo quy
trinh thuc hién nhu sau: bom hoan luu mét thé tich ¢
dinh 30 mL dung dich NaCl 200 ppm qua hé CDI. Theo
doi gia tri do dan dién riéng cua dung dich di qua hé
CDI cho dén khi gié tri khong ddi, ghi nhan diém bat
dau. Ap dién thé 1,2 V vao hé CDI, ghi nhan gié tri do
dan dién riéng giam theo thoi gian (5 gidy/mot diém)
cho dén khi dat gi tri khong doi, ghi nhan diém két
thic. Qua trinh hap phu/giai hap phu s& duoc lap lai 3
chu ki véi mdi chu ki hap phu/giai hap kéo dai 60
phlt/1 chu Ki. Gia tri d6 din tir diém bt dau dén diém
két thiic dugc quy doi thanh nong do dua trén duong
chuan caa dung dich NaCl.

Dung luong hap phu mudi duoc tinh théng qua cong
thure (3).

2.6 Kha ning hp phu mubi

Str dung dién cuc co6 kich thude (3 % 2,5) cm va d6 day
100 pm. Tién hanh do hép phu mubi NaCl theo quy
trinh thyc hién nhu sau: bom hoan luu mét thé tich cd
dinh 30 mL dung dich NaCl 200 ppm qua hé CDI. Theo
doi gia tri 46 din dién riéng ctia dung dich di qua hé
CDI cho dén khi gia tri khong dbi, ghi nhan diém bit
dau. Ap dién thé 1,2 V vao hé CDI, ghi nhan gia tri d6
dan dién riéng giam theo thoi gian (5 gidy/mot diém)
cho dén khi dat gia trj khong ddi, ghi nhan diém két
thac. Qua trinh hip phu/giai hip phu s& duoc 1ap lai 3

chu ki v6i mdi chu ki hip phu/giai hip kéo dai 60
phat/1 chu ki. Gia tri d6 dan tir diém bt dau dén diém
két thac dugce quy doi thanh ndng do dya trén duong
chuan caa dung dich NaCl.

Dung luong hap phu mudi duoc tinh théng qua cong
thuc:

sAC = L=CXV (3

m
Trong d6: SAC (mg g™) dung luong hap phu mudi; Co
(ppm) ndng do dau cua dung dich hap phu, Ct (ppm)
ndng do tai thoi gian t, V (L): tong thé tich cua dung
dich hdp phu, m (g) khéi lugng cua dién cuc, t (S) thoi
gian hap phu.

Conductivity
meter

[2v] [xxa]

e =

Power supply
Hinh 2 Hé CDI khao sét kha nang hip phu mubi

Solution Pump

3 Két qua va bién luan

3.1 Phé hdng ngoai bién doi Fourier

Hinh 3 Anh chyp cua mang trao doi anion

Mang sau khi duoc tong hop theo quy trinh c6 dang
trong sudt duoc trinh bay nhu trong Hinh 3. Dé kiém
ching kha nang tao nhom chuc trén mach PVA, céc
mau mang duoc tién hanh phan tich phé hong ngoai
bién ddi Fourier.
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Hinh 4 Gian qé FTIR cua PVA va cac mang AEM
bién thién theo nong d6 GA

Gian dd FT-IR cua mang PVA, PVA/GTMAC (QPVA)
va cac mang PVA/IGTMAC/GA (1GA, 2.5GA, 5GA,
7.5GA, 10GA) duoc biéu dién trén Hinh 4. Cac nhém
chuc dic trung cua PVA bao gom dinh rong & khoang
(3.500-3.200) cm™* 1a dao dong kéo gidn nhém OH;
dinh hap thu tai vi tri 2.900 cm™ 12 dao dong dic trung
cho su kéo gian ctia nhdm CHy; tin hiéu tai vi tri 1.100
cm* thé hién dao dong cua lién két gitra C va O. Ngoai
ra, mang PVA/GTMAC va PVA/GTMAC/GA xuat
hién dao dong tai khoang 1.200 cm™ dac trung cho su
hinh thanh lién két C—-O—C giira PVA va GTMAC [22].
Lién két nay hinh thanh trén mach PVA bang lién két
gitra nhdm epoxy cua GTMAC va nhdm hydroxyl cua
PVA (Hinh 5) déng vai trd nhém trao ddi anion trén
mang AEM [23].

T P N
OH OH OH OH OH OH oH O O OH © OH
PVA —_— CHy —,
f / 1]
+ —pt i {
I . N VoD
) /J__.o N o - J—
N f
Y
I or o o =p ‘ OH OH OH OH © OH
GTMAC GA TN S

Hinh 5 Phan tng gitta PVA/IGTMAC/GA [23]

3.2 D6 hip thu nudce

Chi s6 WU cua mang giup danh gia kha ning tao lién
két chéo giita PVA va GA. Tinh wa nudc ciia mang
AEM bdi nhom OH s€ tic dong 1am phan ra khi su
dung trong méi truong nude. Qua trinh nbi mang gitra
PVA va GA s& lam giam s6 nhoém OH c6 trong mach
PVA, dong thoi 1am ting phan tir lugng cua polymer,
tir 46 1am giam kha ning phan ri ctia mang trao doi ion.
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Do truong nd ctia mang trong nudc dugc danh gia theo
quy trinh va dugc trinh bay nhu trong Hinh 6.
350

300 4277.61
~ 250 4
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2 200
o
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g 150 131.82 118.81
S 100 95,27
N 5729 517, 5823
0 ‘
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Tén mau
Hinh 6 Chi s6 WU cua mang bién thién

theo ndng do GA

Gia tri WU cia mang QPVA (131,82 %) gidm mot nira
so voi mang PVA (277,61 %). Su giam WU cuia mang
co thé duge giai thich do c6 sy tao lién két gitia
GTMAC vé6i PVA 1am han ché cac phan tr nwdc xam
thuc vao bén trong.

D6i voi cac mang trao ddi ion (1GA, 2.5GA, 5GA,
7,5GA, 10GA), gia tri cia mang AEM giam khi ham
luong GA ting tir (0-7,5) %. Cu thé, WU clia mang
2.5GA (95,27 %) tuong Gng véi ham luong 2,5 % GA,
giam khoang 40 % so voi mang QPV A khong chira GA
(131,82 %). Tuong tu, khi ting ham lugng GA tur
2,5 % 1én 5 % , gia tri WU giam nhiéu tir 95,27 %
xudng con 57,29 % (giam khoang 40 %). Tuy nhién,
khi tiép tuc ting ham lugng GA thém 2,5 % (tir 5 % lén
7,5 %), gia tri WU chi giam nhe tr 57,29 % con 51,72
%. Ngoai ra, khi ndng d6 GA ting dén 10 %, gié trj nay
tang nhe (58,23 %). Gia tri WU cua mang & ndng do
7,5 % dat gia tri thdp nhit nhung khong dang ké so véi
5% va 10 %. Cho thiy (5-10) % la khoang ndng d6 cua
GA khau mang hiéu qua voi PVA.

Theo d6, mang co néng dd GA 1a 5 % dugc chon dé
ché tao mang AEM. Tir nhirng phan tich trén, c6 thé két
ludn rang, viéc thém chit ni mang GA gitip giam dang
ké gia tri WU do GA c6 tuong tac tao lién két chéo véi
PVA, viéc thém chat ndi mang GA gitip mang giam kha
nang phan ra trong moéi trudng nudc, do do gitip mang
bén hon khi hoat dong trong méi trudng nude.
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Hinh 7 Gian d Nyquist ctia cac mau mang

Do dan ion ciia cic AEM do bang phuong phép tong
trg dién hoa theo quy trinh. Pho tong trd NYQUIST cua
cac AEM duogc trinh bay nhu Hinh 7, gia tri dién tro
mang duge xtr 1i bang phan mém Gamry Analyst duoc
trinh bay trong Bang 2.

Bang 2 Gia tri dién trd va d6 dan cta cac loai mang

Tén miu R (Q) 6 (uS em™)
MCN 34,55 318,38
1GA 15,98 688,14
2.5GA 17,32 635,18
5GA 18,02 610,40
75GA 24,93 441,17
10GA 25,66 428,72

Theo Bang 2, dién tr& mang ting khi ting ndng d6 GA
tir 1 % 1én 10 %, twong ung d6 dan ion giam. Cu thé,
d6 dan ion ciia 1GA giam tir 688,14 uS cm™! xudng con
428,72 uS cm™! & mang 10GA. Nhu viy, qua trinh ndi
mang bang GA 1am tang tinh bén clia mang nhung giam
kha ning dan ion qua mang.

3.4 Kha ning hoat dong cua mang trong hé hap phu
mudi

Duwa vao cac chi s6 WU va do dan ion, mau 5GA duoc
lya chon dé khao sat kha ning hoat dong trong hé hap
phu mudi.

Hinh 8 biéu dién sy thay d6i nong d6 dung dich mudi
theo thoi gian ciia h¢ MCDI sit dung MCN va 5GA.
Trén ca hai hé, néng do mudi NaCl giam nhanh trong
khoang 200 gidy dau, sau d6 giam chiam cho dén khi
dat dén bdo hoa. Trong d6, MCN c¢6 qua trinh hip phu
dén khi dat bdo hoa (845 gidy) nhanh hon so véi dién
cuc mang SGA (1.240 giay).
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Hinh 8 Buong hap phu caa hé sir dung mang
cdng nghiép va mang 5GA
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Hinh 9 Gian d6 SAC cua hé sir dung mang c6ng nghiép
va mang 5GA

Gia tri SAC dugc tinh toan theo cong thirc va trinh
bay trong Hinh 9. Dung lugng hap phu ting nhanh tir
(0-10) mg g trong 200 gidy dau, sau d6 giam cham.
Gia tri hép phu mubi cuc dai (mSAC) cia MCN dat
14,44 mg g* va ctia 5GA 1a 12,37 mg g 1. Véi dung
luong hép phu mubi cyc dai khong chénh léch nhiéu
so v&i hé sir dung mang cong nghiép (nhd hon 14,33
%), dién cuc phi mang 5GA c6 thé ung dung trong
thiét bi MCDL.

4 Két luan

Nghién ciru nay da ché tao thanh cong mang composite
PVA/GTMAC/GA tir c4c h6a chét ré tién bang phuong
phap don gian va hiéu qua. Viéc tao mang bang
GTMAC va GA gilp giam manh d9 truong nd va cai
thién do dan ion cua mang so véi mang PVA thong
thuong, ching minh kha nang st dung mang composite
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PVA/GTMAC/GA trong dién cuc cua thiét bi MCDI.
Kha ning khir mudi cua dién cuc composite dat tiéu
chuan khir mudi cua thiét bj CDI trong thuc té, va
khéng thua kém nhiéu so véi mang cong nghiép dang
dugc s dung trén thi truong. Piéu ndy mo ra mot
hudng di méi trong viéc ché tao mang trao doi anion ré
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tién, don gian va thuan tién cho cac qué trinh khtr man
cling nhu loai bé cac ion khac bang thiét bi MCDI.

Lo cam on

Nghién ctru duoc tai tro bai Qui Phat trién Khoa hoc va
Cong nghé — Pai hoc Nguyén Tat Thanh, dé tai ma sb
2022.01.21 /HBb-NCKH.
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Fabrication of MCDI-utilized anion exchange membrane from polyvinyl alcohol and
glycidyltrimethylammonium chloride
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Abstract Membrane capacitive deionization (MCDI) is an advanced desalination technology which uses a voltage
between two electrodes covered with ion-exchange membranes to remove salt. Compared to the conventional CDI,
MCDI demonstrated enhanced desalination performance, such as higher salt removal and better energy efficiency.
In this study, the fabrication of MCDI-utilized anion exchange membrane was conducted using polyvinyl alcohol
(PVA), glycidyltrimethylammonium chloride (GTMAC), and glutaric anhydride (GA), which helped improve the
water uptake and ion conductivity properties of the membrane, as well as its desalination capability. The
PVA/GTMAC/GA anion exchange membrane was proven to be an inexpensive, environmentally friendly, easy to
fabricate and suitable candidate to be utilized in the MCDI systems.

Keywords Anion exchange membrane, capacitive deionization, polyvinyl alcohol, glycidyltrimethylammonium
chloride, glutaric anhydride
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