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TOM TAT

Trong nghién ctru ndy, chung t61 da tong hop gel dién ly nanosilica tir fumed silica bang phuong
phap sol-gel str dung trong ac quy chi axit. Céc dac tinh cua gel duge xac dinh béng phuong phap quang
phd hong ngoai (FTIR), nhiéu xa tia X (XRD), kinh hién vi quét dién tir (SEM), kinh hién vi truyen qua
(TEM). Tinh chét dién hoa cua cac mau gel dién ly duoc khao sat bang phuong phap quét thé vong tudn
hoan (CV) va do tong trd dién hoa (EIS). Két qua thuc nghiém tao gel voi ham lwong silica 8% trong
dung dich NaOH 4%, ti 1& khéi luong cua gel silica / HSO4 12 1 : 2,0 trong dung dich H,SOy ti trong
1,430 g/mL. Gel dién ly tao ¢ diéu kién pht hop nhat c6 gia tri dién tré dung dich R, 14 0,48 Q.cm?va
dién tré chuyén dién tich Re 14 70,33 Q.cm? gitp ting tudi tho va hiéu qua st dung ic quy.

Tir khéa: Nano silica, gel, ¢ quy chi axit, dung dich dién ly.
1. MO PAU

Mot trong nhing loai a dc quy quan trong nhét hién nay 13 ic quy chi axit, vén dwoc dung rat phd
bién trong viéc ton trir va chuyén hoa néang luong vi chi phi thap, duy tri cudng d6 dong dién 6n dinh,
do tin cay cao [1-3]. Cu tric cua dc quy gom cac tam tich dién am va duong duoc dit vao bén trong
dung dich dién phén H,SOj4, chu ky sac cua ac quy s€ lam thoat khi hydro va oxy ra bén ngoai méi
truong tir d6 1am giam hiéu suat ctia qua trinh dién ly, do d6 can phai bo sung dung dich dién giai voi
ndng do axit sunfuric loang dé duy tri hiéu suat cta dc quy trong qua trinh sir dung [4, 5].

V6i nhitng cai tién ky thuat, c quy chi axit dwoc thiét ké kin khi dé 1am giam anh hudng tir moi
truong, khoi bao dudng, tang tudi tho cua ic quy [6, 7]. Trong nhitng ndm gan déy, nhirng nghién ciru
vé gel nanosilica dugc tng dung rong rii trong cac linh vuc ky thuat hoa hoc, son, dét va vat liéu nhudm.
Vi gel ¢6 dic tinh 6n dinh va bén viing vé& mit co hoc va héa hoc. Bén canh do, nanosilica c6 céu trac
nano, kich thudc nho, chira cac tdm silicon c6 kha nang tich dién (4,200 mA.h.g’ 1) gp 10 1an cong suét
cua cuc duong than chi, nén c6 nhiing (mg dung day trién vong trong giai phap luu trit ning lugng [8-
10]. Gel dién ly dugc tong hop trong nghién ctru nay sir dung axit sunfuric lodng gitip ning cao mirc do
an toan va 6n dinh khi str dung, tranh hién tugng phan téng axit [11-13].

Trong bai bao nay, chung toi trinh bay két qua nghién ctru tong hop dung dich gel dién ly
nanosilica bing phuong phap sol-gel. Gel dién ly duoc phan tich bang cac phuong phap nhu quang pho
hdng ngoai (FTIR), nhleu xa tia X (XRD), kinh hién vi dién tir quét (SEM) va kinh hién vi dién tir truyen

qua (TEM). Céc thong sb dién hoa ctia gel dién ly dugc xac dinh bang phuong phéap quét thé vong tuan
hoan va do phd tong tré dién hoa.

2. PHUONG PHAP THU'C NGHIEM

2.1. Héa chit

Fumed silica 200 (ham luong SiO, > 98,8 %) dugc cung cép boi Danilan Fuchang Chemical
(Trung Quoc), NaOH (99%) va H>SO4 (98%) dugc cung cap bdi hang Merck (Puc).
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2.2. Quy trinh ché tao gel silica

_ Tién hanh cho bot fumed silica vao dung dich NaOH 4% va khuay lién tuc dé tao thanh dung dich
dong nhat c6 ham luong SiO; 1a 8%. Gia nhiét phan tng 1én dén 80 °C d¢ tan hoan toan va tién hanh
phan ung vdi ti 1¢ gitta gel / axit (Bang 1) tao thanh san pham dang sét va trang duc (Hinh 1).

Bdng 1. Céc théng sb trong qué trinh tong hop gel dién ly silica.

Mau (ty 1¢ giita gel / axit) Ty 1€ silica (wt.%) Ty trong H2SO4 (g/mL)
1:2,0 8 d=1,420
1:2,5 8 d=1,420
1:2,0 8 d=1,425
1:2,5 8 d=1,425
1:2,0 8 d=1,430
1:2,5 8 d=1,430

Hinh 1. MAu gel dién ly duoc tdng hop tir fumed silica véi ti 18 gel: axit - ty trong khac nhau: 1:2,0 — 1,420 (A);
1,25 - 1,420 (B); 1:2,0 — 1,425 (C); 1:2,5 — 1,425 (D).

2.3. Phwong phap dién hoa

H¢ do dién hoa 1a hé 3 dién cuc véi dién cyc lam viéc (WE) 1a dién cuc chi; dién cuc ddi (CE) la
ludi platin va dién cuc so sanh (RE) 1a dién cyc calomel bdo hoa (SCE). Cac dién cuc duoc ¢ dinh
béng gia do vai bé mat cta dién cuc 1am viéc ddi dién véi dién cuc ddi, dién cuc so sanh dé gén vGi
dién cyc lam viéc dé tranh dién thé roi. Dung dich ngdm 3 dién cuc trong qua trinh do dién hoa la cac
dung dich gel dién ly khao sat. Cac phuwong phap do dién hoa dugc thuc hién bang thiét bi Solartron
1280B ctia Anh. PBo téng trd dién hoa thyc hién & gia tri dién thé mach ha, tbe do quét thé 12 1,0 mV/s,
bién do nhiéu loan song hinh sin 1a 10 mV trong khoang tan s6 tir 20.000 Hz dén 0, 1 Hz. Cac thong sO
ctia pho tong trg dugc xir 1y tu dong bang phan mém Zlot. Phép do quét thé vong tuan hoan (CV) ciing
dugc thyc hién khi gia tri thé mach ho 6n dinh véi khoang quét thé tir -1,0 V dén 2,3 V, téc do quét thé
12 10 mV/s, s6 chu ky quét 1a 5 vong.

3. KET QUA VA THAO LUAN

3.1. Phd hong ngoai

Tir Hinh 2 cho thdy, gel nanosilica xuat hién mot dinh hap thu & vi tri 3368 cm™ déc trung cho
dao dong O-H cia nhom chirc Si-OH, dinh hép thu & vi tri 1646 cm™ dic trung cho nhém chirc C=0.
Bén canh d6, dinh hép thu tai dinh 1107 cm™ déc trung cho dao dong kéo gian khong dbi ximg va dinh
hép thu & vi tri 878 cm™ dic trung cho dao dong kéo gian dbi xtng ciia nhom chirc Si-O-Si. Ngoai ra,
dinh hép thu tai 1037 cm™ dic trung cho nhém chirc Si-OH [14].
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Hinh 2. Phd hdng ngoai ctia mau gel dién ly.

3.2. Gian d6 nhiéu xa tia X

Gian d6 nhiéu xa XRD cua mau silica khi tién hanh phan tich nhidu xa tia X cho thdy ring xué}
hién mét dinh & vi tri hap thu 26 = 22° dac trung cho silic ¢ trang thai vo dinh va kich thudce hat tinh the
duogc tinh toan dya vao phuong trinh Debye-Scherrer dugce trinh bay theo cong thirc sau [15]:

K\
BCosb

Trong d6, D 1a kich thudce hat tinh thé, K = 0,9 nm 12 mot héng s6, bude song nhiéu xa cua tia X
(L =0,154 A) va B 1a d6 ban m& rong cua dinh nhiéu xa 16n nhat (FWHM). Dya vao gian do nhicu xa
va két hop cong thuc, kich thudc hat tinh the silica trong mau c6 gid tri 25 nm (Hinh 3) [16].
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Hinh 3. Ph nhidu xa tia X cta gel dién ly.

3.3. Anh SEM va TEM ciia gel nanosilica

Hinh 4. Anh SEM (4a) va TEM (4b) cua gel dién ly
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Anh SEM (Hinh 4a) cho thay gel dién ly c6 ciu tric 3 chiéu véi nhing 16 rdng day dic. Quan sat
qua kinh hién vi dién tir truyén qua (Hinh 4b), ta thdy céc hat nano silica, két tu lai véi nhau tao thanh
céc chudi dai gan két thanh mang ludi, dudng kinh céc hat kha dong déu co kich thudc hat khoang 20
nm. Khi d6, su phan bd dong déu cua cac hat silica trong axit sulfuric dudi sy phan tan tdi wu sé gitp
tdi wu hoa su tuong tac cia cac nhom silanol trén bé mit cac hat silica, qua d6 dan dén su hinh thanh
céu truc gel ba chiéu dong nhét, dam bao kha ning chira ion cao va dién trd nodi ciia gel thap.

3.4. Phuong phap quét thé vong tuin hoan

Tt duong cong phan cyc CV cua cac mau gel (Hinh 5b), cho thiy khong Xudt hién thém cdc dinh
oxy hoa khur ¢ gia tri dién thé khac trong mau gel dién ly silica, chimg t0 rang cac mau gel duoc tong
hop déu 6n dinh trong pham vi hoat dong cta c quy. Két qua ndy phu hop voi nhom nghién ciru Ke
Pan, Guang Shi va cong su [14]. Céc dinh tuong ty cling tim thay trong 6 mau dudng cong CV voi
khoang quét thé tir -1,0 V dén 2,3 V, cho thiy qua trinh oxy héa khir chi cling nhu nhau trong cac mau
gel dién ly. Ngoai ra, tir Hinh 4b, dinh oxy hoa cua méu (1:2,0 - 1,430) sinh ra khi O, thip hon so voi
cac mau con lai, phan mg sinh ra khi O, bi kim ham, c6 thé 1a do sy hinh thanh mang lu6i chu tric ba
chiéu 6n dinh hon. Hon nita, dong dién cuc dai twong tmg v6i mau (1:2,0 - 1,430) thap so voi cac mau
con lai, do d6 c6 thé cho rang viéc diéu chinh ty 1¢ phdi tron cua chat dién ly dang gel ¢6 thé kim ham
phan tng sinh oxy & mirc d¢ 16n nhét c6 thé. Piéu nay cho thdy, hé thong dién ly gel dua trén silica s&
¢6 toc do tu xa thap hon, mat nude it hon va tranh phén tang axit.
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Hinh 5. Phd Nyquist (5a) va CV (5b) ctia cac mau gel dién ly trén dién cuc chi.

3.5. Tong tré dién hoa

Phé téng tro dién hoa cac mau gel thuc hién & gia tri thé mach ho 14 -0,62 V, tang giam khong
qua 0,02 V (Hinh 5a). Trong d6, R, biéu thi cho gia tri dién tré ohm gdm dién tré chét dién ly va dién
tré dong dién két nbi vai dién cuc, R 1a dién trd chuyén dién tich cua phan Gng dién hoa kiém soat
tdc d6 qua trinh dn mon, C 1a dién dung 16p kép [17]. Ngoai ra, & ving tan s thdp con co dién tré
khuéch tan R,

Bdng 2. Thong s6 dién hoa Rs va Re ciia cac miu dung dich gel dién ly trén dién cuc chi

Mau R (Q.cm?) Ret (Q.cm?)
1:2,0 - 1,420 0,61 84,71
1:2,5-1,420 0,94 94,47
1:2,0 - 1,425 0,75 83,78
1:2,5-1,425 0,93 87,05
1:2,0 - 1,430 0,48 70,33
1:2,5-1,430 0,90 78,60
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Tt Hinh 5a cho thiy gian dd Nyquist cua cac miu gel tuong ty nhau va tat ca déu c6 hinh ban
nguyét & tan sb cao va sy chuyén dién tich 1a giai doan tc dinh. Su phat trién céc tinh thé PbSO4 nho
thanh tinh thé 16n ¢6 thé dugc kich thich, diéu nay sé kich thich su chuyén dién tir. Khi tao cac mau gel
nay thi su hinh thanh chi sunfat tur chi tang 1€n, nghia la phdn tng phong dién 4m dugc cai thién va hiéu
qua ctia ic quy axit chi duoc nang 1én [18].

4. KET LUAN

Gel dién ly nanosilica duogc tong hop véi diéu kién phu hop 1a ti 1¢ gel / axit sunfuric 1a 1:2,0 voi
ti trong axit 1a 1,430 g/mL. Gel dién ly ¢6 kich thudc hat kha dong déu, ciu triic ba chiéu véi kich thude
hat & khoang 20 nm, 6n dinh va tranh phén t'ﬁng axit. Bén canh do, gel dién ly c6 R 14 0,48 Q.cm?, Ret
14 70,33 Q.cm? va kim ham qua trinh thoat khi O gitp duy tri tudi tho lau dai va hiéu suit van hanh ctia
dc quy chi axit dugc cai thién.
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ABSTRACT

RESEARCH ON SYNTHESIS OF NANO SILICA ELECTROLYTE GEL SOLUTION
USED IN LEAD ACID BATTERIES

Luu Hoang Tam*
University of Technology, Ho Chi Minh City National University
268 Ly Thuong Kiet, Dien Hong Ward, Ho Chi Minh City

"Email: hoangtam@hcmut.edu.vn

In this study, we synthesized a nanosilica electrolyte gel from fumed silica using the sol-gel
method for use in lead-acid batteries. The properties of this gel were determined using infrared
spectroscopy (FTIR), X-ray diffraction (XRD), scanning electron microscopy (SEM), transmission
electron microscopy (TEM). The electrochemical properties of the gel samples were investigated by
cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS). The research results
indicated that the gel formed has a silica content of 8% in a 4% NaOH solution, with a mass ratio of gel
forming silica to H>SO4 of 1:2.0 in a sulfuric acid solution with a density of 1.430 g/mL. The solution
resistance R is 0.48 Q.cm? and the charge transfer resistance R is 70.33 Q.cm? to help increase the
lifespan and efficiency of the battery during use.

Keywords: Nano silica, gel, lead-acid battery, electrolyte solution.
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