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Abstract

Carbon nanotubes (CNTs) was treated in HNO; 3 M or in HCI 3 M + H,0, 30 %, in 8 hours, temperature 80 °C,
and stirring speed 500 r/min. Then the CNTs powder was washed with distilled water to pH = 7, dried at temperature
120 °C within 24 hours. The characteristics of CNTs powders were analyzed by SEM, TGA and BET methods,
electrochemical hydrogen storage capacity of the material was studied by galvanostatic technique. The characteristics
and electrochemical hydrogen absorption capabilities of material has been improved by acid treatments. Purity of the
material increased from 92.34 % to 99.9 % for the samples treated with HCI 3 M + H,0, 30 %. Specific surface area
increase about 10 m?/g, the pore volume increase and the average size of pores decrease. The discharge capacity of
untreated samples is 143.8 mAh/g, the treated samples with HCl + H,0O, solution has the highest discharge capacity,
258 mAh/g. These materials are able to apply in negative electrode additive in NiMH battery.

Keywords: Carbon nanotubes, acid treatment, characteristics, electrochemical hydrogen storage, electrode additive.

1. GIOI THIEU

Hién nay, trén thé gi¢i dang dic biét quan tim
dén nang lugng hydro, mot loai nhién li€u sach va
c¢6 kha ning tai tao. Tuy nhién véan dé tich trix, van
chuyén va sir dung hydrd hién nay dang gip phai
nhirng khé khin 16n. C6 vai cong nghé co ban dé luu
trlt hydro nhu: nén, héa long, tich trit trong cac
hydrua kim loai, trong cac vi cau thay tinh, tich trir
dudi long dat, hép phu trén vét liéu c6 dién tich bé
mat cao, vi du nhu vat li¢u khung co kim, lwu trir
hydro hoa hoc va dién ho4 [1, 2]. Hai cach dau tién
hodc gia thanh dét hodc khong an toan va kho thuc
hién trong thuc té vi yéu cau binh chira thé tich 16n,
thiét bj nén, hiéu sut tich trir thip. Hap thu khi
hydro trén bé mat cua vat lidu xdp c6 dién tich bé
mat riéng cao nhu dng nano cacbon da thu hut rat
nhidu quan tdm cia cac nha khoa hoc trén thé gidi
[3-6].

Nutzenadel [7] da danh gia kha nang tich trit
hydro cia 6ng nano cacbon (CNTs) ché tao bang
phuong phap phong dién hd quang. Bot CNTs sau
khi ché tao dugc tron véi bot vang véi ty 1:4 dé tao
thanh cyc am. Dung lugng tich trit hidro ciia CNTs
da dat dugc 110 mAh/g, voi mat 6 dong phong nap
12 200 mA/g. Cac tac gia di dua ra két luan CNTs c6
dd sach cang cao thi kha nang tich trit hidro cang

16n. Sy thay d6i hinh dang va ciu trac cta dng nano
cacbon da vach (MWNTs) tao ra bdi nghién co di
anh huong dén kha nang tich trit hydro qua nghién
ctru cia Wang [4]. Cac quan sat cho thly MWNTs
da ngin hon va di thong day sau khi nghién. Dung
luong phéong dién ting khi ting thé tich vi xdp va
taing dién tich bé mit riéng. Trong tit ca cac thi
nghiém da thuc hién, mdu MWNTs ngin, dudng
kinh 5 nm, nghién sau 12 gio c¢6 dung luong phong
dién cao nhét (741,1 mAh/g). Thé tich vi xdp, dién
tich bé mat riéng va do sai hong thich hop da duogc
xac dinh 1a nhan t6 quyét dinh dén kha ning tich trix
hydro cta vét ligu.

Hiéu suat tich trit hidro cta dién cuc CNTs—Ni
d3 dugc nghién ctru bai Zhang et al. [8]. Hiéu suit
phong nap tot va 6n dinh cia CNTs va ting kha
ning phéong dién khi ting s chu ky. Thém nita, dién
cuc CNTs — Ni ¢6 hoat tinh dién hoa cao hon nhiéu
s0 v6i dién cyc Ni, cho thdy CNTs 1a vat lidu tich trir
hidro tét. Sy phong dién con bi anh hudng boi ty 16
CNTs/Ni trong dién cuc, voi ty 1€ b?mg 1:9 cho kha
nang tich trit hidro t&t nhét.

Rajalakshmi va cong su [9] dd ché tao cac dién
cuc tir CNTs don tuong, qua tinh ché va mé vong,
danh gia cac tinh chat tich thoat hidro ciia chung,
cho thay dung lugng phong dién dat toi 800 mAh/g,
tuong tmg véi 2,9 % khéi lugng.
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Bai béo nay chiing toi sé trinh bay cac két qua
nghién ctru anh hudng cia xir Iy tinh ché bang axit
dén cac dic tinh va kha nang tich trit hidro dién hoa
ctia vat liéu CNTs ché tao trong nudc.

2. THUC NGHIEM

Vat ligu CNTs st dung trong nghién ctu duoc
ché tao tai Vién Khoa hoc Vat liéu, Vién Han 1am
Khoa hoc va Coéng nghé Viét Nam, theo phuong
phap ling dong héa hoc C,H, [10, 11]. Céc loai hoa
chat str dung trong nghién ctru nhu hidro peoxit, axit
nitoric, axit clohydric v6i d6 sach tinh khiét phan
tich co xuét xi tir Trung Qudc.

Qua trinh xur Iy CNTs dugc thyc hién trong 2
loai dung dich: 1- dung dich axit HNO; 3 M, 2- hén
hop dung dich HCI 3 M va H,0, 30 % theo ty 1¢ 1:1.
Ty 1& khdi lugng bot CNTs/dung dich xir 1y 1a 5
/200 ml. Qua trinh xir Iy dwoc thuc hién trong cdc
thity tinh 250 ml. Str dung khudy tir vi toe do 500
vong/phut, gia nhiét va on nhiét cach thuy tai 80 °C,
thoi gian phan tmg 8 gid. Sau khi két thiic phan tng,
bot CNTs duoc loc va rira nhiéu 1an trén phéu loc
bang nudc cat dén khi nude rira o6 pH = 7, bot sau
d6 dugc sdy kho ¢ nhiét d6 120 °C trong 24 gio.

Bot CNTs trude va sau khi xir Iy bang 2 dung
dich axit duwgc quan sat hinh thai trén hé hién vi dién
tor quét phat xa truong (FESEM) S4800. Xac dinh
lugong tap chit vo co (kim loai, oxit xuc tac) b::ing
phuong phap phan tich nhiét, do trén may DTG—-60-
Shimadzu vé6i tbc d6 gia nhiét 10 °C/phut trong
khong khi. Dién tich bé mat riéng, kich thudc 16 xdp
va thé tich 15 x6p dugc phan tich trén thiét bi
Micromeritics TriStar 3000 V6.07 A, su dung tac
nhan hap phu 1a khi N, trudc khi do mau duge dudi
khi & 200 °C bang N, trong 5 gio.

D¢ nghién ctru kha ning tich trit hidro cia vat
lidu, CNTs duoc tron véi bot Ni theo ty 1& khoi
luong 1:9, hdn hop duoc nghién tron wdt véi axeton
trong c01 méd ndo trong 15 phut. Sau dé hon hop
dugc sdy & 80 °C trong 1 gid. Hon hop sau khi sdy
loai bo dung méi duoc dinh lugng bang cin phan
tich, mdi mau c6 khdi luong 0,2 g, thém mét luong
nho polyvinyl ancol lam chat két dinh. Hon hop sau
d6 duogc ép 1én tam Ni x6p v6i khuon tiét dién tron
c¢6 dién tich 1 cm? luc ép 5000 kg/cm® thanh vién.
Sau d6 vién ép duqc han tiép xtic dién bang keo bac,
¢ dinh béng epoxy dé tao thanh dién cuc lam viéc.

St dung hé do dién hoa 3 dién cyc, dién cuc lam
viéc ché tao nhu trén, dién cuc dbi ludi Pt, dién cuc
so sanh calomen bdo hoa, dugc nbi qua cau mudi
KClI, binh trung gian va cau KOH. Dung dich dién ly
la KOH 6M + LiOH 1 M, dién cuc lam viéc duoc
ngam 1 gio trong dung dich lam viéc trudc khi tién
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hanh phong nap. Phép do dugc thuc hién trén thiét bi
Autolab PG.STAT 30. Phép do phong nap dién hoa
dugc thyc hién véi mat @6 dong 200 mA/g.

3. KET QUA VA THAO LUAN
3.1. P§ sach ctia CNTs trwée va sau xir ly

Vat liéu 6ng nano cacbon dugc téng hop béng
phuong phép ling dong hoa hoc, str dung xtc tac 1a
FeCl;.6H,0 hoac Fe(NOs);.9H,0 pha trén vai bot
CaCO; [10], do véy kho tranh khoi con 13n tap chat
trong san pham. Bang phuong phap xur Iy trong dung
dich axit ¢6 tinh oxi hoa c6 thé loai bo duoc cac tap
chét dang nay.
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Hinh 1: Gian d6 phén tich nhiét cua cac mau CNTs
khong qua xt 1y, xur ly trong HNO; 3 M, xur ly trong
dung dich (1:1) HC1 3 M + H,0, 30 %

Gian d6 phan tich nhiét cia ciac miu CNTs
khong qua xu ly, xt ly trong HNO;, xu ly trong
dung dich HCI1 3 M + H,0, 30 % trong thoi gian 8
gid duogc thé hién trén hinh 1. Két qua cho thdy miu
CNTs khong qua xir 1y chira toi 7,67 % khéi lugng
tap chat khong chay. Mau sau khi xir Iy bang HNO;
luong tap chat da giam dang ké, con lai khoang 2 %
khdi lwong. Mau xir Iy bang dung dich HC1 3 M +
H,0, 30 % cho d6 sach ga‘in nhu tuyét ddi, luwong
chat ran khong chay giam xudng dén 0 % khdi
lugng.

Quan sat hinh dang gian d6 phan tich nhiét ctia
tat ca cac mau cho thdy khong c6 sy khac nhau rd rét
trong khoang nhiét d6 phong dén nhiét do phan huy
hoan toan ciia CNTs, duong cong tron tru, khong cé
phan ung phan huy nao khac ngoai su phan huy
CNTs. Diéu nay cho thdy vat liéu CNTs di duoc
loai bo cacbon vé dinh hinh, tap chat trong qua trinh
tong hop [10].

Hinh théi cta cac mau bot CNTs duge thé hién
qua anh FESEM hinh 2. C6 thé quan sat thay hat rin
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Hinh 2: Anh FESEM ciia cdc mau CNT chua qua xir Iy (a),
xtr Iy bang HNO; 3 M (b), xur ly bang dung dich HCI 3 M + H,0, 30 % (c)

kich thudc kha 16n, khoang 200 nm, trong mau chua
qua xtr 1y, hinh 2a. Trong khi ddi voi 2 mau CNTs
da xtr 1y bang cac dung dich HNO; 3 M va HC1 3 M
+ H,0, khong théy xudt hién cac hat nhu vay.
Chirng té vat liéu qua xir ly da loai bo dugc cac tap
chat dang mudi, oxit... 1a xtc tac trong qué trinh
tong hop CNTs. Anh FESEM ciing thé hién céc soi
CNTs khong bj cét ngén trong qua trinh xur 1y.

3.2. Cac dic tinh bé mjt

Sy hip phu hidro cua vat liéu CNTs ¢6 lién quan
mat thiét dén cac ddc tinh bé mat nhu di¢n tich bé
mit riéng, kich thudc 16 va thé tich 15 xbp [12]. Bé
xac dinh cac théng sb nay chung t6i sir dung phuong
phap phan tich dién tich bé mit BET, phén tich kich
thude va thé tich 16 theo phuwong phéap cua Barrett,
Joyner va Halenda (BJH).
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Hinh 3: Budng hap phu - nha hap phy tuyén tinh
ddng nhiét ctia mau CNTs xtr Iy trong dung dich
HC1 3M + H,0, 30 %, nhiét d6 80 °C trong 8 gid

Puong cong hdp phu - nha hip phu dang nhiét
tuyén tinh cta vat liéu xir 1y trong dung dich (1:1)
HCI 3M + H,0, 30 %, nhiét d6 80 °C, 8 gio duoc
thé hién trén hinh 3. Trong ving ap suét tuong ddi
p/po nhoé hon 0,5 qua trinh hap thu - nha hap thy hau
nhu thuan nghich, khong c6 su tré, ving nay dic

trung cho su hdp phu don 16p va da 16p duoc sir
dung dé xac dinh dién tich bé mit riéng theo phuong
phap BET. Ving ap suit twong ddi véi p/po 16n hon
0,5 xuét hién su tré, lién quan dén do xép, kich
thudc va chiéu dai 16 x0p cia vat liéu. Ving tré nay
duoc st dung dé tinh toan xac dinh kich thudge 10,
thé tich x6p theo phuong phap BIH.
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Hinh 4: Phan bd dién tich bé mit riéng theo kich
thude 16 xdp cta cac mau CNTs khong xir 1y, xur 1y
bang HNOs 3 M, xir Iy bang dung dich
HCI 3 M + H,0, 30 %, qua trinh hip phu
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Hinh 5: Phan bd dién tich bé mit riéng theo kich
thude 16 xdp cta cac mau CNTs khong xir 1y, xir 1y
bang HNOs 3 M, xir Iy bang dung dich
HCI 3 M + H,0, 30 %, qua trinh nha hap phu
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Hinh 4 va 5 thé hién anh huong cua xu ly dén
phan b dién tich 16 xbp theo kich thudc cia cac
méau khong va c6 qua xur 1y tinh ché, sb liéu dugc
phan tich theo phuong phap BJH. C6 thé nhan thiy
qua trinh xir 1y trong ca hai dung dich déu 1am ting
dién tich riéng cua 16 trong khoang kich thudc nho
hon 10 nm. Pay c6 thé 1a két qua cta sy hoa tan cac
hat xuc tac bit chat & dau dng lam théng 6ng nano
cacbon. Nguoc lai, qua trinh xir 1y lam giam dién
tich riéng ctia 16 trong khoang kich thudc 16n hon 10
nm, diéu nay c6 1& do anh hudng ctia tap chat xiic tac
d4 bi loai bo nén dién tich riéng 16 giam xudng.

Bdng 1: Tong hop két qua phén tich dic tinh bé mat
ctia cac mau CNTs chua qua xur 1y, xtr Iy bang
HNO; 3 M va xtt Iy bang dung dich HC1 3 M + H,0,
30 %, nhiét do 80 °C, thoi gian 8 gio

) Pon Két qua
Thong s6 vi |Khong | ooy | HCL+
T oxuly > | H,0,

Dién tich bé mat riéng
Tai p/po= 02478 | m*/g | 125,27 | 136,38 | 134,43
BET m?’/g | 127,89 | 138,85 | 136,74
BJH hip phu m?/g | 126,09 | 132,18 | 131,49
BJH nha hép phu | m¥g | 127,24 | 142,50 | 141,98
Thé tich 16 xp
Tai p/po=0,9896 |cm’/g|0,6197 | 0,6519 | 0,6373
BJH hép phu em/g| 0,5930 | 0,6454 | 0,5975
BJH nha hip phu |em¥/g| 0,6032 [ 0,6455 | 0,6341
Kich thudc 16 trung binh
BET nm | 1938 | 18,78 | 18,64
BJH hip phu nm | 1881 | 18,53 | 18,18
BJH nha hdp phu | nm | 18,96 | 18,12 | 17,87

Téng hop két qua phan tich, xac dinh dién tich
riéng, thé tich va kich thudc 16 cta cdc mau khong
va c6 xtr Iy duoc thé hién trong bang 1. Két qua cho
thdy qua trinh xtr Iy trong ca hai dung dich da lam
tang thém dién tich bé mit riéng cia mau khoang 10
m?/g, theo phuong phap BET. Pay 1a hé qua tac
dong dong thoi cua sy ting dién tich bé mit riéng
cua 16 c6 kich thude nho hon 10 nm va sy giam dién
tich bé mat riéng cua 16 ¢6 kich thudc trén 10 nm
nhu d3 thao luin & trén. Thé tich 16 x0p ting 1én
trong khi kich thudc 16 trung binh lai giam diéu nay
cho thdy c6 rat nhiéu 15 c6 kich thudc nho da duge
tao ra trong qua trinh x1 ly.

3.3. Kha ning tich trit hydro dién hoa

Kha nang tl’qh trit hidro dién hoa cua vat liéu
duogc xéac dinh bang phuong phap phong dién dong
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tinh, duong cong phong dién dugc thé hién trén hinh
6. Bién cuc khong c6 CNTs cho dung lugng phong
dat khoang 36,5 mAh/g, dién cuc ché tao tir vat lidu
hon hop Ni+CNTs chua qua xir ly, xtt 1y trong
HNO;, xtr ly trong HCI+H,0, dat dung lwong tuong
ung la 47,2; 55,4 va 58,6 mAh/g. Nhu vay, sau khi
trir phan dong gop cta Ni, kha ning phong dién ciia
riéng CNTs 1a 143,8 mAh/g d6i voi mau chua qua
xtr 1y, cac mau da xir ly trong HNO; va HCI+H,0,
c6 dung lugng phong dién tuong Gng 1a 226 va 258
mAh/g. Két qua cho thdy qua trinh xir 1y, lam sach
da tang dang ké kha nang phong dién caa CNTs, vat
lidu cang sach, bé mit riéng cang 16n thi dung luong
phong dién cang cao. Tuy nhién, gia tri ndy van thap
hon nhiéu so véi CNTs xtr 1y bang phuong phéap
nghién co [4]. Dé ting hiéu qua tich trit hydro dién
hoa clia vét lidu can xir 1y trong nhiing diéu kién oxi
hoa khic nghiét hon nira 1am bién d6i bé mat va bé
gdy 6ng CNTs.

0954 &
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-0.75

Pién thé (V/SCE)

-0.70

T T T T T T T T T T T T
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Hinh 6: Dung lugng phong dién chu ky thir 3 ctia
cac mau vat liéu: (a) bot Ni, (b) bot Ni + CNTs (9/1)
chua qua xur 1y, (¢) bot Ni + CNTs (9/1) x1r 1y trong

HNO; 3 M, (¢) bot Ni + CNTs (9/1) xtr 1y trong
HCI3 M + H,0, 30 %

4. KET LUAN

Qua trinh xtr 1y trong axit két hop gia nhiét va
khudy tir d4 cai thién dic tinh va kha nang hip thu
hydro dién hoa cua vat ligu CNTs. P9 sach cia vét
liéu tang tr 92,34 % 1én t6i 99,9 % khi xu ly mau
trong dung dich HCI 3M + H,0,; 30 %. Di¢n tich bé
mit riéng ting thém khoang 10 m?/g, thé tich 156 xdp
tang trong khi kich thudc trung binh cua 16 xdp
giam.

Vat liéu CNTs ché tao tai Vién Khoa hoc Vat
li€u c6 kha nang tich trit hidro dién hoa, dung luong
phong dién ciia mau chua xir ly dat 143,8 mAh/g,
mau xt 1y bang dung dich HCI+H,0, c6 dung lugng
phong dién cao nhat, 258 mAh/g. Vat liéu nay co
kha nang lam phu gia cuc am trong ac quy NiMH.
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