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Ché tao va khao sat d§ bén nhiét
cua pin mat troi chat mau nhay quang

Nguyén Thai Hoang, Nguyén Thi Thuy Hwong, Huynh Lé Thanh Nguyén, Lé Viét Hai"
Truong Pai hoc Khoa hoc Ty nhién, Pai hoc Quéc gia TP H6 Chi Minh
Ngay nhédn bai 23/8/2019; ngay chuyén phan bién 27/8/2019; ngay nhan phan bién 30/9/2019; ngay chap nhan dang 21/10/2019

Tom tit:

Pin mit troi chat mau nhay quang (DSSC) dugc ché tao theo quy trinh lip rap riéng phi hop véi diéu kién phong
thi nghiém & Viét Nam. Pin dat hi¢u suit chuyén ddi ning lwong 8%, dong ngin mach 17,5 mA/cm?, thé mach hé
0,752 V va h¢ s6 lap day 0,62, twong dwong véi cic nghién ciru trén thé giéi. P9 bén ciia pin dwoc khio sat trong
diéu kién thir nghiém gia toc & 85°C trong 1.000 gid, cho thiy tinh niing ciia pin suy giam dang ké, hiéu suit giam
con 0,83%, dong ngan mach 2,5 mA/cm?, thé mach hé 0,621 V va hé s6 lip diy 0,535. Phwong phép phé tong tré
dién hoa (EIS) dwoc ap dung dé xac dinh nguyén nhan suy giam tinh niing ciia pin trong qua trinh phoi nhiét trén
co' s¢ phan tich cac mé hinh mach twong ng véi dir liéu tong tré. Két qua cho thiy dién cwe quang anod bi suy
giam tinh niing thé hién qua sy tang tong tré trén giao dién TiO ,/dung dich di¢n ly sau 120 gl(r phoi nhiét. Sau 240
gi¢’ phoi nhiét sy giam cap cia chit di¢n ly bit dau x4y ra, thé hién qua su tang dién tré khuéch tin. Sy gidm cap
cia dung dich dién ly con dwgc chirng minh qua sy phuc hdi tinh nang cua pin khi thay méi dung dich dién ly vao

pin sau 1.000 gio phoi nhiét.

Tir khéa: A9 bén nhiét, pin mit troi chat mau nhay quang, tong tré dién hoa.

Chi s6 phén loai: 2.5

Viéc khai thac, sir dung cac ngudn nang luong hoa thach
ngay cang nhleu nham dap ung nhu cau nang 1u0rng cho
phat trién klnh té - xa hoi va ting dan so d3 din dén nguy co
can kiét nguon nhién li€u va gy ra mat cin bang moi trudng
sinh thai. Khi CO, thai ra nhiéu tir qua trinh ddt nhién liéu
hoa thach da tao ra hi€u ing nha kinh gay ra chuoi hi¢u ung:
noéng 1én toan cau, bién d6i khi hau va nhiéu tac hai khac
dén moi truong, hé sinh thai [1]. St dung cic ngudn ning
lwong sach va tai tao dé thay thé, bo sung cho ngudn ning
luong hoa thach truyén thong la g1a1 phap chién luorc cho su
phat trién bén vimg cua nhiéu qudc gia trén toan cau. Trong
d6 nang luong mit trdi duge quan tim nhiéu boi nhimg wu
diém vuot troi: (i) Nang lugng mat trdi 13 ngudn ning lugng
sach, khong phat thai khi nha kinh, trit lugng 6n dinh va vo
tan; (i1) Pin mat troi co lich st phat trién 1au doi tur nghién
ctru co ban dén thir nghiém tng dung va thuong mai hoa
nén nén tang khoa hoc kha vimng chic, co s¢ ha tang, k¥
thuat kha day du, t6i wu; (iii) Pin mat troi rat tién dung, co
thé chuyén truc tiép nang luong mat troi thanh dién ning,
¢6 kha nang tich hop d& dang véi cac thiét bi sir dung ning
luong truyén thong.

Qua trinh nghién ctru phat trién pin mit troi qua nhiéu
thoi ky da dat dugc nhitng thanh qud quan trong, ngay cang
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¢4 nhiéu chung loai pin mat troi dugc ra doi véi hiéu suét
chuyén dbi niang lugng cao, gia thanh ré va cong nghé ché
tao don gian, d& dang. Trong d6 pin mat troi chat mau nhay
quang 1a mot diém hinh. Pin mit troi chit mau nhay quang
(Dye-sensitized solar cells, DSSC) do Michael Gritzel
va Brian O’Regan sang ché va cong bd nam 1991 [2].
Céu tao DSSC gdm c6 dién cuc quang anod 13 chat mau
nhay quang Cis-bis(isothiocyanato)bis(2,2"-bipyridyl-4,4'-
dicarboxylato)ruthenium(II) (tén thuong mai 1a N3) gin trén
chat ban dan tinh thé nano TiO,, dién cuc catod la kim loai
platin va h¢ dién ly 1a 1,71 trong dung mdi acetonitrile. Pin
hoat dong dua trén sy quang hoa ctia chat mau nhay quang.
Khi chit mau nhay quang bi kich thich béi photon 4nh séng,
dién tir & trang théi kich thich chuyén sang ving dan cua ban
dan TiO, ri chuyén dén catod thong qua mach ngoai. Dién
tur trén catod khir I trong dung dich dién ly thanh I, theo
phan ung 31"+ 2¢ — L. Chat mau nhay quang (N3) duorc tai
tao tu trang thai oxy hoa boi 1, trong dung d1ch dién 1y theo
phan ing 2N3" +1, — 2N3 + 2I [2-8]. Hi¢u suat chuyen doi
nang lugng ctia pin DSSC cong bd trong sdng ché ndm 1991
1a 7,1%. Sau d6 hiéu suét cua pin dugc cai thién 1én 11%
vao nam 2001 [3]. Qua trinh hoat ddng ngoai troi, DSSC bi
suy giam tinh nang do tac dong cua nhiét do va anh sang.
Nguyén nhan c¢6 thé do sy suy thoai chit mau nhay quang
boi phan tng trao doi phdi tir xay ra giita chit mau nhay
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Abstract:

The dye-sensitised solar cell (DSSC) was assembled and
studied for the long - term stability under thermal ageing
test at 85°C. The performances of the DSSCs before the
test (fresh cell) and after ageing were characterised under
irradiation of intensity of 100 mW/cm? (AM 1.5) using the
solar simulator system. The fresh cell showed an energy
conversion efficiency of 8%, a short-circuit current of
17.5 mA/cm?, an open-circuit voltage of 0.752 V and a fill
factor of 0.62. After ageing at 85°C for 1,000 hours, the
cell performances decreased significantly with an energy
conversion efficiency of 0.83%, a short-circuit current
of 2.5 mA/cm?, an open-circuit voltage of 0.621 V, and
a fill factor of 0.535. The electrochemical impedance
spectroscopy (EIS) technique was applied to study the
degradation mechanism of the cells under thermal
ageing test. It was found that the loss of performance of
DSSCs after the first thermal ageing in 240 hours was
caused by the degradation of photoanode. By increasing
the aging time, the performance of DSSCs was degraded
by the degradation of the cathode and the electrolyte.

Keywords: dye-sensitised solar cells, electrochemical
impedance, thermal stability.

Classification number: 2.5
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quang va dung méi hodc chat phu gia ciia dung dich dién ly;
su bay hoi dung méi trong dung dich dién ly; quang phan
huy cac chat trong pin bai xtc tac quang TiO, duéi 4nh sang
tor ngoai [9-11].

Viét Nam dang trén da phat trién manh mé& ngudn ning
lwong mat troi. Theo quy hoach phat trién dién luc qudc
gia diéu chinh (2016), cong suét dién mit troi duoe nang
tir mirc chua dang ké 1én thanh 850 MW vao nam 2020.
Céc cong nghe pin nang lugng & Vlet Nam chu yéu st dung
cac san pham thuong mai nhap vé tir cac nude phat trién
dién hinh nhu Pirc, My va gan déy 1a Trung Qudc. Dé co
thé tu ché tao duoc pin mat troi, bét kip v6i trinh do phat
trién cong nghé pin mit troi trén thé gidi, Viét Nam can dau
tu nghién ctu ché tao cac loai pin mat troi thé hé mai, gia
thanh ré, ché tao don gian nhu pin mat troi chit mau nhay
quang, pin mat troi cham luong tir, pin mit troi perovskite.

Trong nghién cru nay, ching t6i trinh bay mét phuong
phép ché tao pin mit troi chit mau nhay quang bang cong
nghé ché tao don gian, c6 thé ap dung trong nudc véi hidu
suat dat dugc kha cao. Ngoai ra, chung t6i con ap dung
phuong phap thir nghiém gia tdc nhiét dé khao sat do bén
phan huy cta pin DSSC. DPdng thoi 4p dung phuong phap
tong tré dién hoa dé phan tich khong pha mau nguyén nhan
phén huy cua pin.

Hoa chat va phuong phap
Héa chit

Dimethylformamide (DMF), acetonitrile, ethanol va
TiCl, dugc cung cip boi Cong ty Sigma-Aldrich (Puc). Chét
nhay quang Di-tetrabutylammonium cis-bis(isothiocyanato)
bis(2,2'-bipyridyl-4,4'-dicarboxylato)ruthenium(Il) (tén
thwong mai N719), dung dich dién ly bén (HSE), nhua
nhlet déo (surlyn) keo platin in lya (platisol), keo TiO, loai
truyén sudt anh sang (DSL 18NR-AO) va tan xa anh sang
(WER2-0), thuy tinh dan dién (FTO) dugc mua tir Cong ty
Dyesol (Uc).

Ché tao pin mat troi DSSC

Ché tao dién cuc catod: tAm thuy tinh dan dién (FTO)
¢6 kich thude 1,2x2 cm duge khoan hai 16 nhé 1 mm, sau
d6 tam FTO dugc xir 1y theo quy trinh: ngadm trong nudc xa
phong, rua véi nude, rira bﬁng ethanol, ngdm trong dung
dich HCI1 0,1 M pha trong ethanol, siéu am trong 15 phaut,
rira lai ba 1an bang nudc cat va siy kho. Tao mang Pt trén
tam FTO bang phuong phép in lya. In ba 16p keo platisol
bang khung in 90T, sau mdi 16p in, mau dugc sdy kho &
nhiét d6 120°C trong 10 phut. Sau d6 mang platisol trén tim
FTO dugc nhiét phan trong 10 nung theo quy trinh nhiét:
350°C trong 5 phut, 450°C trong 30 phut.

Ché tao dién cuc anod: tim FTO c6 kich thude 1,2x2
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em, duoc xtr Iy twong ty nhu catod. Sau d6 tim FTO duogc
ngém trong dqng dich TiCl , 40 mM 0 70°C khoang 30 phut
r0i rira sach bang nudc cat va say kho. Tao mang TiO, trén
tam FTO bang phucmg phép in lya. In 2 lop keo TiO truyen
suot DSL 18NR-AO bang khuén in 34T, mdi 16p in lua duoc
sdy kho & 120°C trong 10 phut Cubi cung in mot 16p keo
TiO, tan xa WER2-O va say khé ¢ 120°C. Mang keo TiO,
tren tam FTO dugc thiéu két trong 10 nung theo quy trlnh
gia nhiét: 200°C trong 5 phit, 300°C trong 5 phut, 375°C
trong 5 phut, 450°C trong 5 phut va 500°C trong 30 phut.

Quy trinh rap pin: ghép hai dién cuc anod va catod lai
v6i nhau bang miéng nhwa nhiét déo surlyn trén ban ép
nhiét & 170°C trong 10 gidy. Chuyén pin vio ti thao tac dé
tién hanh hap phu chit mau nhay quang lén TiO, va bom
chat dién ly trong méi truong khi tro. Bom 10 pl dung dich
N719 10 mM pha trong dung méi DMF vao pin thong qua
hai 16 khoan trén catod, sau d6 rat dung méi va chat nhay
quang thira ra khoi pin bang may rat chan khong. Thyc hién
bom - rat chat mau nhay quang ba 1an lién tuc, 14n cudi cing
giit dung dich chit mau nhay quang trong pin khoang 20
gid. Sau d6 rat dung méi ra khoi pin va rira pin bang dung
mbi acetontrile hai 1an lién tiép. Bom dung dich dién ly HSE
vao pin qua 16 khoan, sau d6 bit kin 15 khoan bang tam thuy
tinh mong va phu 1én bé mat mot 16p keo epoxy. Quét mot
16p keo bac mong Ién dau hai dién cuc dé pin din dién tdt
hon khi do thong s6 tinh ning va dién hoa.

Po tinh nang DSSC: tinh ning cua DSSC dugc do bang
phép do I-V trén may Keithley model 2400 (USA) va ngudn
sang mo phong anh sdng mat troi Oriel Sol11A (Newport).
Cong suat anh sang dugc hiéu chinh vé gia tri chuan 100
mW/cm? (AM 1,5) bang mét pin chuan silic, model 91150V
(Newport).

Do tong tré dién héa DSSC: tong tré dién hoa ciia DSSC
dugc do trén may Autolab 302N (EcoChimie, Ha Lan).
Thuec hién do tai thé mach ho trong diéu kién pin chiéu sang,
tan s6 do tir 100 kHz dén 10 mHz, bién do thé 10 mV. S6
lidu tong tré duoc xir Iy bang phan mém NOVA 1.12.

Khdo sdt d¢ bén nhiét ciia DSSC

Pin DSSC phoi nhiét & 85°C trong ti siy lién tiép trong
1.000 gio. Tinh ndng va tong trd dién hoa cua pin dugc xac
dinh sau nhiing khoang thoi gian 24 gid phoi nhiét khac
nhau.

Két qua va ban luan

Tinh nang ciia pin DSSC

Puong dac trung [-V cua 3 pm DSSC ky hiéu DSC _
T™1, DSC_TM2, DSC_TM3 ché tao cung diéu kién, do

trén ngudn gia 1ap anh sang mit troi véi cuong dd 100 mW/
cm? dugc biéu dién trén hinh 1. Cac thong so tinh nang cla
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pin dugc liét ké trong bang 1 cho théy, ba pin c6 tinh nang
tuong duong nhau: mat do dong ngan mach (J ) khoang 17-
18 mA/cm?, thé mach ho (V) ~ 0,75V, hé s0 lap day (FF) ~
0,61 va hiéu sudt chuyén déi nang luong (n) 8,0-8,2%. Két
qua trén cho thdy quy trinh ché tao pin kha 6n dinh, c6 do
lap lai kha tét.
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Hinh 1. BPwéng IV cua cac DSSC dwoc ché tao theo cling mét
quy trinh.

Bang 1. Thong s6 tinh ning cta cac DSSC dwoc ché tao theo
cung mét quy trinh.

Loai pin Joo (mA/em?)  V (V) Fill-factor n (%)
DSC TM1 17,5 0,75 0,62 8,1
DSC _TM2 18,1 0,76 0,60 8,2
DSC_TM3 17,0 0,76 0,62 8,0

Tinh chat dién hoa cta pin dugc xéac dinh bang phép do
tong tré dién hoa. Hinh 2 1a pho Nyquist ctua pin DSSC do
¢ thé mach hg, chiéu sang 100 mW/cm?.
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Hinh 2. Téng tré& Nyquist cia DSC_TM1 do tai thé mach hé,
cwong do sang 100 mW/cm?,
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Tai thé mach ho (diéu kién cén bang dong, khong co
dong dién chay trong mach ngoai) trén dién cuc catod (Pt)
ton tai cAn bang oxy hoa - khir I+ 2e « 3I'. Qua trinh di¢n
hoéa trén catod dugc mo phong tuong duong v6i thanh phan
mach vt ly R C . trong tong tro dién hoa, twong tmg véi
ban cung o tan so cao trén phd tong tro Nyqulst (hinh 2).
Trong khi d6, trén anod dién tur sinh ra tu chit mau nhay
quang khi bi kich thich boi photon anh sang chuyén sang
ving dan cta ban dan TiO,. bién tr trén TiO, c6 thé dong
thoi tham gia phan g tal hop v6i chat dién ly theo phan
ung 1, + 2e — 3I' néu qua trinh chuyén dién tir trén giao
dién T10 /chat mau nhay quang Xdy ra cham [12]. Nhu vay
qua tr1nh dién hoa trén anod c6 thé mo phong theo hai méd
hinh mach vét Iy tuong duong tuong tng vdi hai truong

hop:
1) Qua trinh tai hop chdm, mach vat Iy RC m6 ta cho sy
chuyen dién td trén mang T102 thé hién boi ban cung & viing

tan sO trung b1nh Thoi gian song cua dién tr trén mang TiO,
chinh 14 hing sé thoi gian duge xac dinh theo biéu thirc:

t=RCu=l/o=1/2xf (1.1)

Trong do R la dién tr& chuyén dién t1ch trén mang TiO,,
Cu la dién dung mang TiO,, o la tan s6 goc twong tng voi
tan so tai diém cuc dai (f, ) trén pho tong trd Nyquist.

2) Qua trinh tai hop nhanh, mach vat ly Gerischer (G)
mo phong cho phan ung tai hgp dién tir va I,- di kém phan
ung hoa hoc (qua trinh tai sinh chat mau nhay quang boi I).
Tong tr6 G (Z,,) duoc bleu din boi biéu thue 1.2, thé hién
bdi ban cung ¢ vung tan s6 trung binh voi phan dau thang,
phan cudi tron nhu mé ta trong hinh 3 trén gian dd Nyquist
[12].

1

Yok +jw

Trong d6 k 14 hing sé tbc d6 phan tmg tai sinh chit mau
nhay quang, Y_la do dan nap cua qua trinh tai hop dién tu,

j la s6 phuc.
/\\

7' (Q)

Zs(w) = (1.2)

7" (Q)

Hinh 3. Bac trwng cua tdng tré Gerischer trén gian dé Nyquist.

Qua trinh khuéch tan gidi han cia dung dich dién ly
trong ngan trong cua pin, tong tré dugc mod ta boi thanh
phan O, xac dinh béi bicu thuc (1.3) [12, 13].

Z,= %—\}j_wtanh(B Jio) (1.3)
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Trong d6 B dic trung cho tdc dd khuéch tan lién hé vai
hé s6 khuéch tan qua biéu thic B2 = g. Khi B<\3 téng tr&
C,) thé hién boi
ban cung & tin s thap trén phd Nyquist. Hé s6 khuéch tan
(D) cuia dung dich dién ly xac dugc dinh bai biéu thirc (1.4)
[14-17].

khuéch tan twong duong v6i thanh phan (R .

12
~ 3C4R,

(1.4)

Trong d6 1 1a d6 day 16p khuéch tan, twong dwong véi
khoang cach gitta anod va catod (khoang 60 um = d¢ day
16p surlyn), R, C, lan lugt la di¢n tr¢ va dién dung khuech
tan.

Tdng tré dién hoa ctia pin DSSC_TM 1 (hinh 2) dugc md
phong bang mach twong duong [R (R Q IR Q )(R Q )]
Trong d6 Q o QU Q, 1a cac hing sé pha khong ddi thay thé
cho céac dai luong dién dung C , Cp, C, trong truong khong
1y tudng [15]. Cac thong so dlen hoa duoc xtr 1y bang phan
mém NOVA 1.11 cho gia tri nhu trong bang 2.

Bang 2. Théng s téng tré dién héa cia DSC_TM1 do tai Voc,
chieu sang 100 mW/cm?2,

Giao dién
: Giao di¢n TiO,/ % n
Pt/dung 180 €I T Khuéch tén chét dién Iy
. I dung dich dién ly
Pin dich di¢n ly

pt Qpr “ Rt Q,, Rd Q d Dx 10°
Q@ (uS) (msy) () @S (€ (mS) (cm’/y)

DSC_TM1 9,54 139 798 13,6 972 7,12 53,0 4,59

DSC_TM2 9,23 150 7,98 13,8 948 7,57 575 4,81

DSC_TM3 9,67 12,8 7,98 13,3 988 6,74 52,1 4,43

Khdo sdt d bén nhiét ciia pin DSSC

Pin DSSC duoc phoi nhiét ¢ 85°C trong 1.000 gio lién
tuc. Tai nhitng thoi diém 0, 120, 240, 410, 580, 740 va
1.000 gi¢ phoi nhiét, pin DSSC dugc danh gia tinh nang va
do tong tré dién hoa. Thong sb tinh ning cia pin & hinh 4,
bang 3 cho thiy cic pin DSSC c6 hiéu suat chuyén doi ning
luong (1) trung binh 1a 8% khi chua phoi nhiét. Tuy nhién
sau 120 gio' phoi nhiét dau tién, hiéu suét pin giam nhanh
xudng con 4% va giam cham dan theo thoi gian 0 nhiét.
Hinh 4 cho thiy sy giam hiéu suat dong bién véi su suy
giam mat do dong ngén mach (I ) ching t6 nguyén nhan
cua sy giam tinh nang cua pin 1a do su giam dong quang
dién. Trong khi d6, thé mach ho (V,), h¢ so lap day (FF)
giam nhe (khoang 10%) sau 1.000 gio phoi nhiét. Két qua
trén cho thy nguyén nhan suy giam tinh nang cua pin chu
yéu 1a do su glam cap cua dién cuc quang anod (c6 thé 1a
do sy giam cép cua chit mau nhay quang dudi tac dong cua
nhiét d6 [18, 19]) va mot phan do sy phan hity cia chat dién
ly. Su phan hiy cta chét dién ly dugc kiém ching bang
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céch thay chat dién ly méi vao pin da suy giam tinh nang
sau 1.000 glor phoi mau. Két qua cho thay hiéu suét cia
p1n phuc hdi tir 0,8% 1én 2,7% (hinh 4, bang 3). Céc thong
s6 tinh ning cua pin déu dugc phuc hoi, trong d6 mat do
dong quang dién J_ phuc hoi 34% tir 2,5 1én 5,9 mA/cm?,
thé mach ho 10% Va hé s6 14p day phuc hdi 100%. Nguyén
nhan suy gidm tinh nang cua pin dugc phén tich sdu hon
trén co s¢ phan tich dir liéu téng tré dién hoa.

Mit dj ddng ngin mach

Hiéu suit

0 300 600 500 1.200
iri gian (Giir)

=@=D5C_TM1 DSC_TmM2
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Hinh 4. Théng s6 tinh nang cla cac pin DSSC thay déi theo thoi
gian phoi nhiét & 85°C lién tiep trong 1.000 gi& va sw phuc hoi
tinh nang cua pin sau khi thay chat dién ly.

Bang 3. Théng s6 tinh néng trung binh cta cac pin DSSC thay dbi
theo th&i gian U nhiét & 85°C, trong 1.000 gi&r va sw phuc hoi tinh
nang cua pin sau khi thay chat dién ly.

Thoi gian U nhiét Jsc

(gio) 1 (%) Voc (V) i) FF

0 8,1 0,76 174 0,61
120 41 0,71 9,0 0,65
240 53 0,68 76 0,64
410 2,6 0,66 6.2 0,64
580 1,9 0,66 47 0,62
740 1,4 0,65 3,7 0,59
1.000 08 0,62 2,5 0,54
;‘(‘;}y chitdienly . 0,68 59 0,68

Hinh 5 biéu dién phd tong trd Nyquist ctia pin DSC
TM1 trude va sau 120 gio phoi nhiét & 85°C dugc do tai thé
mach hd, cuong d6 sang 100 mW/cm?. Trén pho dd nhan
thdy ban cung thir hai (ving tan s trung binh, dic trung
cho qua tninh dién hoa trén giao di¢n TiO,/dung dich dién
ly) thay do6i hinh dang va tang do 16n sau 120 gi¢ phoi nhiét.
Trong khi d6 tong trd trén giao dién catod/dung dich dién
ly va tong tré khuéch tan cia dung dich dién ly khong thay
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d6i nhiéu. Chimg t6 sy suy giam tinh ning cua pin DSSC
sau 120 gio phoi nhiét lién quan dén qu4 trinh giam cp trén
dién cuc quang anod. Hinh 5 cho thiy téng trd ¢ ving tan
s6 trung binh trén phd Nyquist cta pin DSSC sau 120 gid
phoi nhiét ddc trung cho tong trd Gerischer, tuong tng véi
truong hop qua trinh tai hop xdy ra dang ké trong pin. Phd
téng tré Nyquist cta pin DSC_TM1 theo thoi gian G nhiét
dugc biéu dién trén hinh 6 cho thdy, trong khoang thoi gian
dudi 400 gio phoi nhiét, tong tro thay ddi (ting) chu yéu &
ving tan sb trung binh, trong ng v6i qua trinh dién hoa
trén dién cuc quang anod, trong khi tong trg khuéch tan
dung dich dién ly khong thay d6i nhiéu. Pho Bode goc pha
cho thiy, gla trj dinh tan sb trung binh ting rd rét, chung to
thot gian song cia d1en tir trén mang TiO, giam di nhiéu.
Su giam thoi gian song cua dién tir 1a do cac dién tu tren
T1’C)2 bi tai hop bai chét dién ly. Trong khi dp, dinh tan sb
thap déc trung cho qua trinh khuéch tan chat dién ly thay
d6i khong dang ké, chimg t6 su suy giam tinh nang cua pin
trong giai doan nay it lién quan dén dung dich dién ly. Nhu
Vﬁy, su phoi nhiét pin DSC ¢ nhiét d6 85°C tac dong rd rang
dén dién cuc quang anod TiO, theo khuynh hudéng tang kha
nang tai két hop giira dién tir va L (biéu hién boi sy ting do
dan nap clia qua trinh tai hop) glam kha ning tai sinh chét
méu nhay quang (giam hang sb tbc do phan tng tai sinh chat
mau nhay quang), két qua dan téi lam giam dong quang dién
(J.), giam hi¢u suét chuyén doi nang luong cia pin theo thoi
gian U nhiét.

a @0 gy
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N

15 25 35 45 55
] 7' (@)
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Hinh 5. Phé téng tré ctia pin DSC_TM1 tai t=0 gio» va t=120 gio G
nhiét tai 85°C.
Khi thoi glan phoi mau kéo dai hon 400 gio, sy giam cap

trén catod thé hién rd rét qua sy ting dién tré chuyén dién
tich R, (hinh 6, bang 5).

Hoat dong ctia mot pin DSSC 1a chudi cta nhiéu quéa
trinh xay ra lién tuc, mot khi dién tir bi tai két hop manh do
su phan hay nhiét, dién tr chuyén sang ban dan TiO, bi han
ché, anh huong dén cac qua trinh tiép theo nhu giam phan
g chuyén dién tich trén catod (R, tang). Ngoai ra, sy phan
huay nhiét ciia cic chat mau nhay quang da lam giam tbc do
tai sinh cua ching (k giam), tac dong lam gidam dong quang
dién va giam hiéu suit cia pin DSSC.
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Hinh 6. Phd Nyquist va Bode géc pha ctia DSC_TM1 thay ddi theo
thei gian phoi mau & 85°C.

Bang 4. Sy thay déi théng sé mach dién theo th&i gian G nhiét &
85°C cuia pin DSC_TM1.

Théi  Giao dién Pt/ Giao di¢n TiO,/  Khuéch tin chit
gian dung dich diénly dung dich diénly diénly
@) R V,mS) Y,mS) k(s)  Y,mS) BE)xI(°
120 7,25 16,7 93,1 1,23 5,63 9,46
240 9,95 48,5 98,9 1,19 4,57 8,37
410 16,2 277 117 1,08 3,25 7,29
580 22,3 105 118 0,79 2,21 7,15
740 27,4 114 136 0,57 1,95 6,63
1.000 417 19,5 168 0,21 1,18 5,79
Keét luan

Pin DSSC duoc ché tao theo quy trinh méi cua phong
thi nghiém dat hiéu suit chuyén hoa nang luong cao (8%).
Hiéu suat chuyén d6i ning lugng cia pin bi suy giam nhanh
(khoang 50%) sau 120 gio phoi nhiét & 85°C trong t6i, va
giam con 0,8% sau 1.000 gio phoi nhiét. Phan tich tong trg
dién héa cta pin DSSC cho thdy, sy suy giam nhanh tinh
nang cua pin DSSC theo thoi gian phoi nhiét & 85°C do
su phan huy cua dién cuc quang anod xay ra trudc. Sau do
mai xay ra sy phan huy cua dung dich dién ly va dién cuc
catod. Phuong phap tong tré dién hoa st dung khé hiéu qua
trong viéc phan tich, danh gia do bén nhiét cua pin DSSC.
Céc thong sb dong hoc nhu thoi gian sdng cua dién tir, toc
d6 phan ung tai horp, hé sb khuéch tan cua dung dich dién ly
duoc xac dinh chi tiét. Ngoai ra, phuong phap tong try dién
hoéa la phuong phap do khong pha hity mau nén cling c6 thé
dugc ap dung dé xac dinh d6 bén hoat dong thuc té cua pin
dudi diéu kién chiéu sang, chiu tai.
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