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BUOC PAU NGHIEN CUU TONG HOP NICKEL SULFIDE
DUNG LAM VAT LIEU PIEN CUC CHO TU PIEN HOA

Nguyén DPinh Hung, Lwong Thi Thu Thiy va Lé Vin Khu
Khoa Héa hoc, Truong Pai hoc S pham Ha Ngi

Tom tit. NiS theo dinh huéng lam vat lidu dién cuc cho tu dién hoa di duoc téng
hop bang phuong phap hoéa hoc va phuong phap thiy nhiét. Két qua cho thdy NiS
tong hop dwoc ¢ dang vo dinh hinh, ting nhiét d6 phan (ng hoic ting thoi gian
thay nhiét c6 xu huéng lam giam d6 xop cua vat lidu. Vat liéu NiS tong hop bang
phuong phép thuy nhiét thé hién tinh chat dién hoa tét hon vat liéu tong hop bang
phuong phap héa hoc. NiS thu dugc bang cach thay nhiét & 140 °C trong 5 gio ¢6
dién dung riéng tai toc do quét thé 5 mV/s va tai mat do dong 5A/g lan luot la 1592 F/g
(265 mAh/g) va 1567 F/g (261 mAh/g). Gia tri nay bang khoang 88% gia tri li
thuyet cta NiS va dugc duy tri sau cac ché d6 nap-phéng lién tuc mdi 25 chu ki
lién tiép & cac mat d6 dong khac nhau nam trong khoang 5 + 40A/g.

Tar khéa: nickel sulfide, phuong phap thay nhiét, tu dién hoa.

1. Mé dau

Trong nhimg nam gén day, v6i sy phat trién vuot bac ciia cac ngudn ning luong bén
virng, nhu cau phaét trién thiét bi luu trix nang luong dién ngay cang gia tang [1]. Tu dién
hoa c6 tiém niang dap tng cac thach thic vé luu trir va Chuyen hoa nang lwong nho kha
niang nap xa nhanh, mat do ning lugng cao, khoang quét thé 16n, tudi tho cao [2]. Tuy thudc
vao co ché tich dién ma nguoi ta phan thanh tu dién I16p kép (electric double-layer
capacitors, EDLCs) va gia tu dién (Pseudocapacitors, PCs), trong d6 dién dung va mat do
nang lugng cta PCs thuong cao hon EDLCs. Dién dung cua tu dién hoa phy thudc vao
nhiéu yéu t6 nhung quan trong nhét 1a vat liéu dién cuc. Sulfide kim loai chuyén tiép véi uu
diém 1a c6 dién dung riéng ly thuyét cao, phan wng oxi hoa khir nhanh va thuan nghich, dé
dang tong hop, ton tai & nhiéu trang thai oxi hoa va c6 gia thanh tuong di thap [3] nén thu
hut dwoc s quan tdm cuaa nhiéu nha khoa hoc trong va ngoai nuéc. Tinh chét caa vat liéu
sulfide kim loai phu thudc nhiéu vao ciu tric va hinh théi vét liéu, do d6 phu thudc kha
nhiéu vao phuong phap tong hop. Van Chinh Tran va cong su [4] tong hop NiS dang qua
cau rong trén bot nickel bang phuong phap dién héa thu dugc vat liéu c6 dién dung riéng
1553 F/g ¢ mat do dong 2,35 A/g trong dung dich KOH 6M. Xin-Yao Yu va cong su [5]
téng hop NiS nanoframes trén khung MOFs dat dugc di¢n dung cao téi 2384 F/g & mat do
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dong 1 A/g trong dung dich KOH 6M. Jiwei Zhang va cong su [6] tong hop nano NiS bing
phuong phap tong hop pha rin va nung & nhiét 6 440 °C trong 30 pht c6 dung luong dat
875,5 Flg & mat do dong 2 A/g trong dung dich KOH 6M. Céc két qua trong do6i kha quan
tuy nhién phuong phap téng hop kha phuc tap hozc tén thoi gian, tn nang luong.

Bai bao nay gioi thigu cac két qua nghién ctru bude dau vé tong hop NiS bang hai
phuong phap don gian, dé thuc hién, véi nguyén liéu ban dau 1a cac hoa chat co gia thanh
thap, 1a phuong phap hoa hoc va phuong phap thuy nhiét. Anh huong caa nhiét do phan
g va thoi gian thiy nhiét dén hinh thai cu tric va tinh chat dién hoa cua vat liéu thu dugc
da duoc khao sat.

2. Noi dung nghién ctru
2.1. Thuc nghiém

2.2.1. Tong hop vat liéu

Cac vat liéu va hoa chat st dung trong nghién cru ndy déu cé xuét st tir Trung
Quéc. Bot Nickel (NF) véi d¢ day 0,5 mm dugc cit thanh cac miéng hinh chir nhat voi
kich thudc 10 mm X 50 mm dugc ngadm trong dung dich HC1 ~ 1,0 M trong 30 phut sau
d6 dugc rira nhiéu 1an bang nudc cat (két hop voi sidu am) va bang acetone. NF sau do
dugc sdy kho trong khong khi & 80 °C va duoc gidi han dién tich lam viéc ~ 1 cm? bang
mang Teflon. Dung dich S 1,6 g/L dugc pha tir bot S, dung dich hydrazine 80% va nudc
cat hai lan. Cac dung dich Ni(NOs)2 0,1 M, (NH2)2CS 0,3 M va KOH 6,0 M duoc pha
tir cac chat ran trong tmg 1a Ni(NO3)2.6H20, (NH2)2CS, KOH va nudc cat hai lan.

Vit liéu NiS dugc téng hop trén NF bang phuong phép héa hoc va phuong phap
thiy nhiét:

(i) Trong phuong phap hoa hoc, NF dugc ngam tryc tiép vao dung dich S 1,6 g/L &
40 °C hodc 50 °C trong 60 phut. Vat liéu thu duoc sau d6 duoc rira nhiéu 1an bang nudc
cat, trang bang acetone va dugc say kho trong khong khi ¢ 80 °C trong 15 gio.

(ii) Trong phuong phéap thiy nhiét, NF dugc ngam trong 50 mL dung dich hdn hop
Ni(NOz)2 0,02 M va (NH2)2CS 0,06 M (pha tir cac dung dich Ni(NO3). 0,1 M va
(NH2)2CS 0,3 M & trén). Hé sau d6 dugc dit trong binh bang Teflon dé trong Autoclave
& 140 °C va duy tri trong 4, 5 hodc 6 gio. Sau khi dé ngudi tu nhién vé nhiét d6 phong,
cac mau vat liéu dugc lay ra khoi binh phan mg, rira nhiéu lan bang nude cit, trang
bang acetone va sdy kho trong khong khi ¢ 80 °C trong 15 gio.

2.2.2. Pic trung vit li¢u

Anh SEM cta c4c miu dugc chuyp trén may S4800 tai Vién vé sinh dich té Trung
Uong. Gian d6 XRD duoc ghi trén may D8 Advance, Bruker tai Truong Pai hoc
KHTN, PHQG Ha Noi.

Cac dic trung dién hoéa cua cac mau vat liu duoc xac dinh trén may VMP3-
Biologic v6i binh dién hoa ba dién cuc. Trong d6 dién cuc so sanh, dién cuc ddi va dién
cuc lam viéc lan luot 1a dién cuc calomen bao hoa, 14 Pt (~1 cmz) va mau vat liéu téng
hop dugc. Cac phép do dugc thyc hién trong dung dich KOH 6,0 M ¢ nhi¢t do phong
(~ 27°C).
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2.2. Két qua va thao luin
2.2.1. Mot sb diic trung vat li ciia vat liéu
Trong nghién ctru nay 5 mau vat liéu NiS da tong hop. Diéu kién tong hop, ki hiéu
mau va khéi lwong miu vat lidu duoc tom tit trong Bang 1. C6 thé nhan thay khoi
lugng mau vat liéu thu dugc tang khi ting nhiét do phan ing va khi ting thoi gian phan
mg. Khi tong hop bang phuong phap héa hoc, khdi luong mau da ting tir 1,4 1én 1,7
mg khi nhi¢t do phan ung tang t 40 (HH-40) 1én 50 °C (HH-50). Trong truong hop
tong hop bang phuwong phap thity nhiét & 140 °C, khdi lugng mau da ting dan tir 1,0 1én
1,4 va 1,8 mg khi thoi gian thiy nhiét tang tir 4 (TN-4H) [én 5 (TN-5H) va 6 gio (TN-6H).
Su thay doi khdi luong theo nhiét d6 va thoi gian thiy nhiét duoc giai thich nhu sau:
Khi téng hop bang phuong phap héa hoc, NiS dugc tao thanh theo phan tng (1) [7] con
khi tong hop bang phuong phap thiy nhiét, NiS duoc tao thanh theo phan ung (2) [8]
2[(N2H5)2S] + 2Ni — 2NiS| + 6NHz + N2t + Hat 1)
Ni(NO3)2 + (NH2)2.CS + 2H,0 — NiS| + 2NHz + CO21 + 2HNO3 (2)
Khi ting nhiét 4o, tbc do phan tng (1) ting 1én dan dén tao ra nhiéu NiS hon. Khi
kéo dai thoi gian thay nhiét, lugng NiS tao ra theo phan ing (2) tang 1én.

Bdng 1. Piéu kién tong hep, ki higu mdu va khéi lweng méu

Stt Piéu kién tong hop Ki hiéu mau | Khéi lweng mau (mg)
1 | Phuong phap hoa hoc, & 40 °C HH-40 1,4
2 | Phuong phap hoa hoc, ¢ 50 °C HH-50 1,7
3 | Phuong phép thiy nhiét, 4 gior TN-4H 1,0
4 | Phuong phép thiy nhiét, 5 gio TN-5H 1,4
5 | Phuong phap thuy nhiét, 6 gio TN-6H 1,8

H|nh 1 Anh SEM cria cac méu vt ligu
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Hinh 1 gigi hiéu anh SEM cua cac mau vat liéu tong hop duoc. Dé tién so sanh trén
Hinh 1 cling gi6i thi¢u anh SEM cua NF. C6 thé nhan thiy bé mat cua NF kha bing
phang va dong déu. Bé mat cua cac mau vat liéu téng hop trén NF gdm cac manh nho
sap xep khong dac khit tao do x6p cho vat liéu. Tang nhiét do hoac tang thoi gian thuy
nhiét déu co xu huéng lam giam do x6p cua vt lidu thu duoc. Két qua nay ciing phu
hop véi su ting khéi lwong vat liéu da noi & trén va co thé duoc giai thich 1a do vat liéu
duoc tao ra co xu hudng két dinh véi nhau tao thanh cac manh 16n dan va do d6 do dic
khit cua vat liéu cling ting dan.

Két qua thu duoc khi nghién ciru bang phuwong phap nhidu xa tia X cho thiy trén
gian ¢6 XRD cua cac mau téng hop duoc (khong dua ra ¢ ddy) chi ¢ sy xuat hién 2 pic
nhiéu xa tai 20 = 44,5° dic trung cho mat (111) va 50,8° dic trung cho mit (200) cua
nickel [9]. Biéu nay cho thiy vat liéu NiS téng hop duoc trén nén NF ¢ dang v dinh hinh.
2.2.2. Tinh chit dién hoéa caa vat liéu

Hinh 2 gigi thiéu cac dudng quét thé chu ki tuan hoan (CV) cua cac mau vat lidu
téng hop duoc ¢ toe do quét thé 5 mV/s. Pé so sanh, trén hinh ndy ciing gidi thiéu
duong CV cua NF. C6 thé nhan thay trong khoang thé nghién cau tir —0,1 V dén 0,5 V
S0 vai dién cuc calomen bao hoa (vs SCE):
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Hinh 2. C4c dwong CV & téc dé quét thé 5 mV/s ciza NF
Va ciia C&C mdu téng hep duwoc

(i) Puong CV cua NF khong xuat hién cac pic dic trung cho qua trinh oxy hoa - khir.
Diéu nay ching to NF bén trong khoang thé nghién ctu.
(ii) Cac duong CV cua cac mau vat lidu tong hop duoc 6 hinh dang tuong ty nhau
VGi su xuat hién pic oxy hda & ~ 0,42 V vs SCE va céc pic khir nam trong khoang 0,2 - 0,3 V
vs SCE. Céc pic nay lan luot dugc gan cho qua trinh oxy hda Ni(ll) thanh Ni(l11) va qua
trinh khtr nguoc lai Ni(111) thanh Ni(Il) theo phuong trinh (3) [1]:
NiS + OH" =—=NIiSOH + e 3)
T Hinh 2 ta ciing nhan thy cac pic khir c6 xu huéng dich chuyén vé ving thé
catot khi nhiét 6 phan tng hoic thoi gian thay nhiét ting 1én. Didu nay c6 thé do khi
tang nhiét do hoic thoi gian thuy nhiét da lam ting luong NiS trén cac mau nhu da chi
ra ¢ trén, dan dén twong giita cac NiSOH tang 1én va do do lam ting do bén caa dang nay.
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Hinh 3. Cac dwong CV ¢ céc toc dg quét thé khac nhau
ciia cac mau HH-40 va TN-5H

Hinh 3 gidi thiéu cac duong CV & céc toc d6 quét thé khac nhau cia mau HH-40 va
TN-5H. Trong khoang toc d6 quét thé 520 mV/s cuong do cua pic khir va pic oxi hoa
teong (ng déu tang dan véi su ting cua téc do quét thé. Boi véi cac mau vat liéu khéc,
két qua thu duogc ciing twong ty. Mdi quan hé giita cudong do pic vai toc do quét thé
dugc gidi thigu trén Hinh 4. D& dang nhan thy trong khoang tdc do quét thé nghién
cuu, cuong do pic cua tat ca cac mau déu bién thién tuyén tinh theo téc do quét thé. Dua
vao moi quan hé tuyén tinh nay c6 thé xéac dinh dugc mat do cac tam Ni(11)/Ni(1l) trén
bé mit cac mau vat liéu theo phuong phép duoc dé xuat boi José Ramon Galan-
Mascards va cac cong su [10]. Két qua tinh toan cho cac mau vat liéu nghién ciu duoc
tom tat trong Bang 2.

100
O HH-40 y = 3.3262x + 30.9117
® HH-50 R2=0.9879
® TN-4H
751 © TNs5H
® y = 3,2813x + 16,2633
—~ R2 =0,9919
-
o 50 - y =1,5337x + 19,6751
< R®=0,9823
25 - y = 1,3424x + 10,1005 1
R? = 0,9895
y = 1,8605x + 10,1730
R? = 0,9924

5 7 9 11 13 15 17 19 21
v (mVs™?

Hinh 4. S bién thién mdr dé dong dién tai dinh pic khir theo téc dg quét thé
ciia Cac mau vt ligu tong hep dwoc

47



Nguyén Dinh Hung, Luong Thi Thu Thuay va Lé Vin Khu

Bdang 2. Mdt d¢ tam Ni(111)/Ni(11) va dién dung riéng tinh teér cdc dwong CV
cria C4C mdu vt liéu

Mat do tam Pién dung riéng (F/g) tai cac toc dd quét thé
stt | Mau | Ni(HD/Ni(11) (mV/s)
(umol g1) 5 7 10 12 15 17 20
1 | HH-40 1,44 529 | 505 | 475 | 458 | 436 | 423 | 404
2 | HH-50 1,64 995 | 914 | 834 | 789 | 737 | 708 | 669
3 | TN-4H 3,52 985 | 960 | 926 | 908 | 880 | 863 | 838
4 | TN-5H 3,57 1592 | 1503 | 1403 | 1340 | 1265 | 1217 | 1157
5 | TN-6H 1,99 814 | 774 | 726 | 702 | 669 | 650 | 622

Bang 2 cho thay khi tong hop bang phuong phap hoéa hoc, mat ¢ tam Ni(1H1)/Ni(11)
cia mau tang nhe tir 1,44 pmol gt 1€n 1,64 umol gt khi nhiét @ phan tmg ting tir 40 °C
Ién 50 °C. Khi tong hop bang phuong phap thuy nhiét, mat do tam Ni(111)/Ni(ll) thay
d6i khong dang ké khi thoi gian thuy nhiét tang tir 4 gio 1én 5 gio (~ 3,5 pmol g™?).
Tuy nhién khi tang thoi gian thuy nhiét 1én 6 gio, mat @6 tam Ni(IIT)/Ni(Il) da giam
dang ké xuéng con 1,99 pmol g*. Sy giam nay c6 thé duoc giai thich 1a do tang thoi
gian thuy nhi¢t da lam giam do x6p cua NiS trén bé mit NF nhu dé chi ra ¢ trén. Diéu
nay dan dén lam giam lugng tdm hoat dong trén bé mit dién cuyc.

Tir cac duong CV ciing tinh duge dién dung riéng cua cac mau theo cong thuc (4):

24

o 2may
trong d6 > |1|At la dién tich cua hinh gi¢i han bén trong cua dudng CV, m la khéi

(4)

lwong mau va AV la khoang quét thé.

Két qua tinh dién dung riéng caa cac mau vt liéu tong hop duoc tai cac toc do quét
thé khac nhau dugc tom tit trong Bang 2. Tir day nhan thdy dién dung riéng cua tat ca
cac mau déu giam dan khi toc do quét thé tang dan. Tuy nhién toc do giam dién dung
riéng caa cac mau tong hop bang phuong phap héa hoc nhanh hon mau téng hop bang
phuong phap thily nhiét. Bang 2 ciing cho thay:

(i) Mau thu dugc khi thyc hién phan ung ¢ 50 °C trong phuong phap hoéa hoc co
dién dung riéng I6n hon mau téng hop & 40 °C. Pién dung riéng cua mau HH-50 nay tai
téc do quét thé 5 mV/s 1a 995 F/g (165,8 mAh/g). Tuy nhién khi tbc d6 quét thé ting 1én
20 mV/s, dién dung riéng da giam xudng con 669 F/g (111,5 mAh/g).

(ii) Pién dung riéng cua cac mau tong hop bing phuong phéap thiy nhiét giam dan
theo thu tw TN-5H > TN-4H > TN-6H. Dién dung riéng caa mau TN-4H, TN-5H va
TN-6H tai toc do quét thé 5mV/s lan luot 1a 985 F/g (164 mAh/g); 1592 F/g (265 mAh/g)
va 814 F/g (136 mAh/g); tai toc do quét thé 20mV/s lan luot 1a 838 F/g (140 mAh/g);
1157 F/g (193 mAh/g) va 622 F/g (104 mAh/qg).
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Hinh 5. Cdic dwong nap - phong tai: (a) mat dé dong 5 A/g ciia cac mdu vat ligu
tong hop dwoc; (b) cac mdt dé dong khac nhau ciia méu vt liéu TN-5H

Hinh 5a gidi thiéu cac duong nap - phong tai mat do dong 5 A/g ciia 5 mau vat ligu
tong hop duoc. CO thé thay trén cac dudng nay déu xuat hién cac doan gan nhu nim
ngang ¢ khoang 0,2 - 0,35 V vs SCE khi nap va ¢ khoang 0,35 - 0,44 V vs SCE khi
phong. Cac doan nam ngang nay lan luot twong tng voi qua trinh kha Ni(111) vé Ni(ll) va
oxy héa Ni(Il) thanh Ni(III) theo phuong trinh (3) & trén. Tir Hinh 5a ta ciing nhan thay
véi cling mat do dong nap - phong 5 A/g, thoi gian nap va phong cta cac mau ting theo
thir ty: HH-40 < TN-6h < HH-50 < TN-4H < TN-5H. Diéu nay c¢6 nghia 1a dién dung
riéng ctia cac mau ciing bién doi theo thir ty trén.

Hinh 5b gi6i thiéu cac duong nap - phong caa mau TN-5H & cac mat do dong
nap - phong khac nhau nam trong khoang 5 - 40 A/g. Tir day nhan thay, trong khoang
mat do dong nghién ciu, thai gian nap - phong giam dan theo sy ting mat do dong
nap - phong. B4i véi cac mau khac, xu huéng bién thién cling hoan toan twong tu.

Tur cac duong nap - phong ciing tinh dugc dién dung riéng cua vat liéu theo cong
thac (5):

t (phut)

_ 1 4z,
Cor= 1 (%)
Trong d6 | 1 cudng d6 dong dién nap, At. 1a thoi gian nap, m 1a khdi lwong mau va
AV 1a khoang quét thé.
Bdng 3. Di¢n dung riéng tai cac mdr d¢ dong nap - phéng khac nhau
ciia cac mdu vt ligu tong hep duwec

x DPién dung riéng (F/g) tai mat do dong nap - phong (A/Q)
Stt | Mau 5 10 20 40
1 HH-40 450 424 369 306
2 HH-50 950 862 759 652
3 TN-4H 1069 1007 937 864
4 TN-5H 1567 1396 1287 1198
5 TN-6H 877 791 717 639

Cac gia tri dién dung riéng tinh tir cac duong nap - phong cua céc’méu tai cac mat
d6 dong ap dat khac nhau dugc tom tat trong Bang 3. Tur day nhan thay, trong khoang
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mat d6 dong khao sat tir 5 - 40 A/g. DBi¢n dung riéng cua cac mau ting dan theo thu ty:
HH-40 < TN-6H < HH-50 < TN-5H. Nhu vay trong c4c mau tong hop duoc, mau tong
hop bang phuong phap thay nhiét c6 dién dung riéng I6n nhat. Bién dung riéng cia mau
nay & mat d6 dong 5 A/g 1a 1567 F/g (261 mAh/g). Gia tri nay ~ 88,8% gia tri Ii thuyét
cua vat liéu NiS (294 mAh/g) [1, 11] va I6n hon gia tri 927 F/g (180 mAh/g) tai mat do
dong 4,2 A/g dugc cong bd bai Jun Song Chen va cac cong su [12]; 1122,7 Flg (187
mAh/g) tai mat do dong 1 A/g duoc cong bd boi H. Zhang va céc cong su [13], 875,5
F/g (146 mAbh/g) tai mat do dong 2 A/g dugc cong | b boi Jiwei Zhang va céc cong su [6].
O mat do dong 40 Alg, di¢n dung riéng cua mau TN-5H la 1198 F/g (200 mAh/g).
Két qua nghién cau bang phuong phéap nap - phong dong tinh hoan toan phu hop va bd
sung cho két qua nghién ctru bang phuong phap CV trinh bay & trén.

1800 T
TN-5H
1500 1 .
[Cccocococac)
QOAAA0
1200 1 (oo oo o
)
L 900 A
(@]
—0— 5A/g
600 1 —@— 10 Alg
—0— 20 Alg
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300 5 Alg
0
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n
Hinh 6. Bién thién di¢n dung riéng ciza mau TN-5H theo sé chu ki phong - nap
tai cac mdr d¢ dong khac nhau

Hinh 6 gidi thiéu su bién thién dién dung riéng cia mau TN-5H theo sé chu ky
nap - phdng tai cac mat d6 dong khac nhau nam trong khoang 5 - 40 A/g. Tir day nhan
thdy sau khi nap - phong lién tuc véi 25 chu ki ¢ cac mat do dong ting dan tir 5, 10, 20,
réi 40 A/g dién dung riéng cua vat liéu van dugc duy tri va gan nhu 6n dinh ngay chu ki
dau tién khi duoc nap - phong lai véi mat do dong 5 A/g. Két qua budce dau nay cho
thiy mau vat liéu TN-5H c6 tinh thuan nghich rat tét.

3. Kétludn

Trong nghién ciu nay, vat liéu NiS budc diu duoc téng hop trén nén bot nickel
bang phuong phap héa hoc dwa trén phan wng giita nickel va luu huynh va bang phuong
phép thay nhiét dua trén phan tng giita Ni(NOs)2 va thioure. Két qua thu duoc cho thdy
mau tong hop bang phuong phap thay nhiét & 140 °C trong 5 gid thé hién tinh chat dién
hoa tét nhat khi dugc ding 1am vat liéu dién cuc cho tu dién hoa. Dién dung riéng cua
mau nay & mat do dong 5 A/g va 40 A/g lan luot 1a 1567 F/g va 1198 F/g. Cac két qua
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thu dwoc bude dau cho thay vat ligu NiS tong hop bing phuong phap thuy nhiét co
nhiéu trién vong tng dung lam vat liéu dién cuc anot cho tu dién hoa. Tuy nhién cac
nghién ctru can tiep tuc dugc thyc hién dé toi vu hoa diéu kién tong hop cho loai vat
liéu nay.
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ABSTRACT

Study on the preparation and electrochemical performance of nickel sulfide
for the application in an electrochemical capacitor

Nguyen Dinh Hung, Luong Thi Thu Thuy and Le Van Khu

Faculty of Chemistry, Hanoi National University of Education

NiS as an electrode material for electrochemical capacitors has been synthesized by
chemical and hydrothermal methods. The results show that the synthesized NiS is in
amorphous form, increasing the reaction temperature or hydrothermal time tends to
reduce the porosity of the materials. NiS synthesized by hydrothermal method exhibits
better electrochemical properties than those synthesized by chemical method. NiS
synthesized at the optimal condition of a hydrothermal temperature of 140 °C in 5h has
a specific capacitance of 1592 F/g (265 mAh/g) and 1567 F/g (261 mAh/g) at a scan
rate of 5 mV/s and a current density of 5 A/g, respectively. This value is about 88% of
the theoretical value of NiS and is maintained after 25 continuous charge-discharge
cycles at different current densities ranging from 5 to 40 A/g.

Keywords: nickel sulfide, hydrothermal method, electrochemical capacitor.
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