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Fig. 1. Schematic diagram of the multi-absorbing layer

CrAlON-based solar selective absorbing coating.
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Table 1. Deposition parameters of the CrAION-based se-

lective absorbing coatings.

Parameters  Current/A Ar/sccm Oy/sccm Ny/scem Time/ s

Cr 90 130 0 0 15 x 60
CrAIN (Inner) 60 100 0 30 60
CrAION (Inner) 60 120 10 30 60
CrAIN (Outer) 60 100 0 30 60
%ﬁgﬁ;} 60 120 10 30 60
CrAlO 60 0 130 0 120
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Fig. 2. Reflectance spectra of the multi-absorbing layer
CrAlON-based solar selective absorbing coatings during the
high temperature ageing treatment at 500 °C.
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Table 2.  Absorptance c«, emittance e, selectivity
afe and PC values of the multi-absorbing layer
CrAlON-based solar selective absorbing coatings
aged at 500 °C.

Aging parameters e € afe PC

As-deposited 0.90 0.15 6 —
Aged for 220 h 0.94 0.10 9.4 -0.06
Aged for 1000 h 0.94 0.10 9.4 -0.07
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I A E.
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Fig. 3. GIXRD patterns of the multi-absorbing layer
CrAlON-based solar selective absorbing coatings aged at

500 °C for different times in air.
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WX AT 8, R A Digital Micrograph 34 1 A9
PASAD(profile analysis of the selected area
electron diffraction pattern) JIAXIRTH #4717
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e
s,
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G EWBORZ M TEM B (a) W% (b) #%
X HL 477 9 1R 3%

Fig. 4. TEM images of the multi-absorbing layer CrAION-
based solar selective absorbing coating aged at 500 °C for
220 hin air: (a) Bright-field TEM image; (b) the corres-
ponding selected area electron diffraction (SAED) pattern
of the area denoted in Fig. (a).

1 A R JBEZ A O AR 2 5, TE KR
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M Cr R R4 T8 SR, 2088t Z2 Ry Cr oo
B[] AT A B A

SRIG, X2 W2 CrAION Folt i ik £ 1
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lution transmission electron microscope, HRTEM)
G0, HARGE R WIE 6 s, WK 6 ATLIE R, &
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29 2 nm A4 ) AR, [R] IS 3k S 20 K Uk B A

100 nm 100 nm

100 nm 100 nm

Net intensity

Position/nm

K5 RASMT 500 C IR 220 h 5 2 W12 CrAION
B B R 2 i AL Cr, N IO JC & 1Y 43
434 B i EDS £k 14 &

Fig. 5. EDS maps and line scans of the distribution of Al, Cr,
N, and O in the multi-absorbing layer CrAlON-based solar

selective absorbing coating aged at 500 °C for 220 h in air.

027103-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 70, No. 2 (2021) 027103

FER B, B iR A R AL B 220 h s e s 5
CrAlO JZHSRIAF K -TE S S g, anfsl 6(b)
fi7s; A CrAIN JZH1 CrAION J2 ELA AL i
WZHZY, ML E] T3 RAF22R 35 nm A
R, T LLGK IR 43 B A5 AT, T T Ak
R0 A 7E R b B4 TP A IR S H B R 4k -
Ak fib S B, HLER Ay A0 OK UK AR B e A — i,
i 6(c)—(f) Frw.

SRJE, X CrAlO W itz . CrAION Fil CrAIN
W2 4T T HRTEM 4387, HARSE R anE 7 i
7. E 7(a) ATRAE H, CrAlO S 52 PR 7T
KRR AR MEEH, FRHBAAE T2 KA — .

-

100 nm

10 nm

B 6 KAHKMT 500 C L 220 h J5 2 W UKZ CrAION 63 % £ v e i vk 2 /9 TEM &

IIAANTE SIS AR, Xof i3k SEGN K ASURLEA T PR e
H 5 (fast Fourier transform, FFT) 152 AT
SBERL, ZebrE R IR R FOIRIG B ALOs Ak
UL, BRI B 3 A1 1R CraO 4 diAH , [R]f
RN AR IORLAF L - HES A %

I3 CrAlO W T2 CrAION MRS TR {3
FrAE i iy, I g3 T A R 1 HES 1 sk
DX, & 7(b) Bz, 33k Ud B e i i 8o PR A AR
JRRAE TR, BT s BRI 2 nm 1)
A2, AR BURLAF TR RO Y fi i o B A2, JF:
TSR, 25 RS, X ATRE S IR
WA G, WA AN B AR B, W 5 2 1 U 5%

10 nm e i 10 nm

10 nm 10 nm

(a) W31%; (b) CrAlO; (c) 4b

J2 CrAION; (d) #MZ CrAlN; (e) )2 CrAION; (f) NJZ CrAIN

Fig. 6. TEM images of the multi-absorbing layer CrAlON-based solar selective absorbing coating aged at 500 °C for 220 h in air:
(a) The bright-field TEM image; (b) the CrAlO layer; (¢) the outer CrAION layer; (d) the outer CrAIN layer; (e) the inner CrAION
layer; (f) the inner CrAIN layer.

2:nm

Bl 7 KA 500 CHFAL 220 h J5 2 W02 CrAION FGHHEREPER IR )= B HRTEM & (a) CrAlO WU 51)2; (b) CrAION
JZ; (¢) CrAIN JZ

Fig. 7. HRTEM images of the multi-absorbing layer CrAlON-based solar selective absorbing coating aged at 500 °C for 220 h in air:
(a) CrAlO layer; (b) CrAION layer; (c) CrAIN layer.
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ZERRE T E X LE A K OB AIN AT CroN A, )
FER R MK 2 AL ) WORL A AEAE, B O JLE F %
FAETAE R, X5 GIXRD 45 R A0 —2
BEAR, &R Cr L8N 42K CrAION 2 HA 2541
IOILZH 2.

{EASAE RN, 7EIGIT CrAlO W2 CrAIN
WE R I T 94K AIN, CrN il CroN kLY 7%
TE, X BB R ITART AT LS B K BRI A 28U,
A ETE SR AR, IR R FH D A
Wi 24, ) s sk Be gl K R B R SR B e 1, T
DAAR G 1 BELAS w35 1 i AR R85, A B T s
CrAIN JZ gk Bk i) A1 5.

ISR SR 2 B RSO 5 R 2 4544
FIFHLL B VIAR G, & 3 00 52 0 J2 2 1P 35 AT
BB (R A, IR FH SEM SR T 1= s 4%
PR S 202 CrAION HOGiE e Bt s 2
FMIEH, HXRIZEWNIE2E 1T T EDS 2081,
LRGSR 8 fgk 3 g, miRm b B S IR 2
SRR E R BT /NI, ANE 8(a) PR, X2
Ty U P A58 Ak 3L sk R g )2 R T A R AU A Tl
TR BRI 1, JRABOAE 18 e AR T LA ARGV 2 1) 2 T AL S
B, A B T REARIRZ 0 K5, Ak, miR
S PRJG UR 2 I 2T J J LT AN | A SE T 1)
AR, VLR Z LA Ak, RAMH A
R AR M, T A S i AR R S A
B, XA A1 T BHAS AU F 10 PSR 288, AT BT
LB 22 CrAION JEy6 e B M W U0 2 1)
PAsE .

9 HRAEMTF . 500 °C ZMRIKZE CrAION
FENCTE R PEE R JZ R #E 220 h S5 ) AFM
Bl B 9 ATLUE 2, 2R AR 808, 48T
RHAS U ) N )2 B4 8E, AT DA RO S iR 2 0
PR M, DS U 2 2 T A KRS BE R 34.4 nm, B
il 25 AW AT REATR, (IR R 1 i KR B iy /b,
B /INEURL, T EL A A FR AT, A B TR
e

FT X LW 2 CrAION He i e 8 W i
TR IZTE = IR O RS AR AL AR L SO AL 2 L B 5353
ARIIFAE, ASCHEH TR 20Uz CrAION
FE % o B PR WRSOUR 2 AR PR R A AL B
CrAION J % e 16 R W S0 )23 %5 s 1) e 8 it
WA 32 B A A0 K 3 U 4 Ak A R ) AR AR I
FRIZ ] A 95 WA, T3 26 40 K 80K i T 326 1T B

i R IETBURAEIR N, fE = iR F P Sy R A
B RRHPAR AT EST N, R SBIRRIZAK

GV el e H e e

B8 RAHKMT 500 C %L 220 F1 1000 h J5 £ W i 2
CrAION g s MEMIR Z R EESL (a), (b) 220 b;
(¢), (d) 1000 h

Fig. 8. Morphologies of the multi-absorbing layer CrAION-
based solar selective absorbing coatings aged at 500 °C for
220 and 1000 h in air: (a), (b) Surface morphologies of the
coating aged for 220 h; (c), (d) surface morphologies of the
coating aged for 1000 h.

* 3 ERAT AL 220 h 2R CrAION
ST e P U 2 3R T R BURL Y EDS B3 (B
fr: R E T, %)

Table 3. EDS compositions of the macro droplets
of CrAION after aging at 500 °C for 220 h in air (in

atomic percent, %).

Position Al Cr (0] N
Site 1 27.22 54.46 15.74 2.58
Site 2 17.46 56.19 20.75 5.61
Site 3 25.33 49.54 21.36 3.78

Average 23.34 53.39 19.28 3.99

B9 RAH&MTF. 500 C B2k 220 h /7 £ W Ik )Z CrAION
HOGE BRI WOR R 1 AFM B3

Fig. 9. AFM morphology of the multi-absorbing layer
CrAlON-based solar selective absorbing coating after aged
at 500 °C for 220 h in air.
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fn-TE A ST A A, T R 2 AR RE AN ]
WigEiR , BN )ZE CrAION FE % 1 5 £ i
U2 AR MEAR BT B T4 oK R A R e 1k

FERRSAMET , AR ISR o B (R R T B R 2>
] 6 T & AR B 10, DT 76 494 oK 0k 26 1T B B D
Mr =271 e PAPt & @Ak, T Pd 1Y
FIERE (Ypg = 1.98 J/m? @425 °C) Lt Pt /) (9p, =
2.43 J/m? @425 °C), {3 Ab #2535 T Pd i
TR Z BN YKL F Y e i 129), [, LRt &
P Pd YRR ), WK AuPt B4 8 44 K AL
FIRBH| AlLO; PHEITHIEAEPE, 4 kA Pd 7E
YAk 7 2 18 AT 26, X F CrAION % )2 B &
AR ITRL, BT Al BJEFEAR (ry = 1.85 A)
INTF Cr 2642 (re, = 1.43 A)28) FEfindh &1
T, AlJEF2 WA gk b Ry i, I
T FE BN A T B R, ARG KR T/ Gibbs
A fE, Zaid e —f ARETT N, A TRAER
A ARLF A ERERE P, JERIH, SCHR [29] &,
AT LA AT ok B2 5 40K i Fe-10%Cu(J+
A ) A mIFEE M. 1halh, 5 Cr ot H,
FERRK SR T Al TTEEA G P A, X AT L
YERARSN 3R S 1 R A A KR ) AL R SE
] 2 AT 0, B 55 AE A P 9K UK 1) 2 18T TP
ALO JZ, et AR T SR T Cr iRy HE,
XA G KRR % T 2 5 S A2 R B R A R R
PRUEEC ST T 1R R RS 2032,

X 2 0B B 25 2 W= CrAION 2
TG EREEM IR )Z, CrAIN 2 i1 AIN, CrN,
Cr,N 1 HE f A 4 A, CrAION I i )22 0 Fy 46
AIN, CroN 4K i FE 8L A L. RIS 25 2 h
Y o g VAN T T2 N I = N B B
T R I BRI B T D SR ARG R L
AL B TR, S5 m 4K ok i 2%
TP H, AT f 8 S 4 i 3 HIGH I, 31X 0] DA K
FELAS Cr JRF R 1L, M H ALJETF5 T/ O i+
RO R BT L AL O, 44472, B iR
b B P VR 2 R 0 OK O 3% T 2 B AL TR
ALO, P28, ATLGERRIBHLE AIN, CrN Hl CryN
YRIFRLI AR, PRIE T IR 2T SR A T o2e
REMRRUE T, OO FAERRR Bt e e B
HEEIEH. R, #8454 Al JCE M CrAIN W2
PHE T CrAION W2, BI Al ST&R ¥ HnT LA
i Cr TR KA 8, DR 22 CrAION

FCTE PR LR 2= P T s A RS k.

zi ERTR, ZWIUZ CrAION HEt ik ik Bk
WSO 2 AR E PR AL LB 5 A = 34
R M L e Il A A Ak B R T 3R Y i 2R 2 D) A
XKy T BEIRGIR BRI Gibbs A HIfE, Al T4
] AR UKL T HIOT SR AETE G R ORI 2 1, 3
A9 f Z 8] B JR R B A (TR 5 L s (SR sk
FAE) B AL (G4, X Suim SR AL IR 578 & iR
AP B AR T S8 HOA RN O JEFZ58IE L Al
MY, 55 26 A YOKR ORI R, B AIN, CrN
1 CryN GHoK R T4 AT HE R Y AL i F AR
IE L) ALOs #8708 w5, [RIIF 38 AT LARHAT T Cr
R BB AT B T H] AIN, CrN Fl CryN 442k
i i SR E YA ATIE

Ak, JE SRR E R L, TEmE T ah ik
TR 23 A i AT LA K i, (2 Y o TR A 35 Ak
PRI EEAR T S AR, R AR d A HU A 2
Fh g, S ORFEE A A ESFRAS. T H i i
F A BR S 122 19 GIXRD 3% (1 3) ] L&
B, BRI IR 9k B 25 A LR AR, (R EEAIH
WIS AR Ak, RO )2 b A S RIS R A T 548
B, X AT AR UELR 2 o B AOR R AE R i A
ANRAAR, [FE R FAEE A B 8 i AR
WG, A B T AR SRR BT,
{FIEZ U2 CrAION HOGiE kB R R 2 A
A RAF IR e .

4 % b

A T Z2WIUZ Cr/CrAIN/CrAION/
CrAIN/CrAION/CrAlO Stk Bt iR 2,
K TIZIRZTE 500 C RS T g v, i
FE T R B R P R SR ARG R L O SR
G353 A B AR A, S AT T iR R AR E TR
FEHLEE. FEESBUF.

1) SR HZ INES 18 il 25 1) Z U2 CrAION
FOIEEBEEM IR, HWCRIAE T 0.90, &
SR 0.15, X5 B RO ZUNAER I, CrAlO
W52 AR 4R, CrAION AT CrAIN Wi 2
AR SR TR D R AORIURL, 2150 R
S Cr WA E I A K B A i ZH 2R,

2) ZWIUZ CrAION FHLiE Bt i ig 2
FE 500 °C. KK TEEL 220 h J5, W2 RIL
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RILFE 0.94, ZFHBEZE 0.10, ELE0CHEREN
WA, I H AR E 1000 h DL L, FELHEAL
R A HAFREPE.

3) MM LU R, 28 500 C WG, &
JZ KA TR AR, TR T R AR EORE, R AR T
YK - A R LA, b CrAlO JR R A #R 43
LI T AlLO; Fl CryO5 4KITRE, XA AT LA
PR IR AN AL, T AT ARG INR BHE Y %
b R 2 R R 1 CrAIN A1 CrAION
WS T A R A3 i AR R 1 T AIN, CeN il CrN
YRRITORL AT AEE b FEAA ) S 454, (A 5tk
EA/OrE ) NP SN EB AL T = A T g5
CrAION FGIEE BT iR J2 R S i L 5
REEARAY 2R

4) 7E 500 °C &t #r, 20z CrAION
ST VPR ST 2 i AR AR S & A R b Ak,
S PRFEA A M PS54, TE R T 40K f-3E i S5 Il 2
¥, GORIOR B AR A BT, R b A p 3R e =
TR AR A B A v R AR SRt B, XA T LA
AW T iR A R 1 E AT AR
JEH AR R R SR TR R AR, KR
W KZ CrAION Hot i s Bt bR 2 B R4
PRE R F .
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Abstract

Spectrally selective absorbing coating is the core component of the utilization of solar energy. The spectral
properties of selectively absorbing coating directly determine the conversion efficiency of constructing solar
power plants. To enhance the selective absorbability and thermal stability, we propose an idea that these metal
particles are replaced with transition-metal nitrides, and then coated with periodic nanocrystalline-amorphous
heterogeneous structures. Double-absorbing layer Cr/CrAIN/CrAlION/CrAIN/CrAlON/CrAlO solar selective
absorbing coatings with a high solar absorptance of 0.90 and a relatively low emittance of 0.15 are obtained by
the cathodic arc ion plating technique. After the coating is aged at 500 °C in air for 220 h, its absorptance
increases to 0.94 and the emittance decreases to 0.10. More importantly, the coating exhibits an outstanding
thermal stability with a selectivity of 0.94/0.11 even after being aged at 500 °C for 1000 h in air. The
microstructure analysis indicates that the multilayer coating consists of aperiodic CrAIN and CrAION layers in
addition to the Cr and CrAlO layers. Through the long-term aging, a small number of AIN, CrN and Cr,N
nanocrystallites are observed to be homogeneously embedded in the CrAIN and CrAION amorphous matrices.
The nanoparticles in the CrAIN and CrAlON layers can effectively scatter the incident light into a broadband
wavelength range, increasing the optical path length in the absorbing layers, and thus resulting in a pronounced
enhancement in the absorptivity. A handful of CryO5 and Al,O5 nanograins are observed to be embedded in the
amorphous CrAlO antireflection layer, which can effectively reflect the solar infrared radiation and the thermal
emittance from the substrate, and thus resulting in pretty low infrared emissivity. The good thermal stability is
attributed to the excellent thermal stability of the dielectric amorphous matrices and the sluggish atomic
diffusion in the nanoparticles, which could effectively slow down the inward diffusion of oxygen and avoid
agglomerating the nanoparticles. These results are of great importance for enhancing the overall performance of
cermet spectrally selective absorption coating and also for improving the conversion efficiency of solar energy

photo-thermal utilization.
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