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Recent advances in full-spectrum solar photothermocatalytic

hydrogen production
GUAN Jian, MA Rong, LI Donghui, YAN Xiaoqing, WEI Jinjia, SUN Jie
(School of Chemical Engineering and Technology, Xi’an Jiaotong University, Xi'an 710049, China)
Abstract: Solar hydrogen production is one of the key technological approaches for the vigorous development and utilization of renewable
energy in China under the backdrop of the “carbon peak and neutrality” goals. Full-spectrum solar photothermalcatalytic hydrogen
production, as a novel green hydrogen generation technology, leverages the synergistic advantages of photocatalysis and thermal catalysis
to efficiently drive hydrogen production reactions under relatively mild conditions, achieving comprehensive utilization of full-spectrum
solar energy. Currently, this technology has demonstrated significant development potential across various hydrogen production systems.
However, there are significant differences in the photothermal catalytic mechanisms and hydrogen production efficiencies across various
hydrogen generation systems, which urgently require further systematic organization and integration. Hence, recent advances in relevant

research both domestically and internationally are reviewed in this paper. The solar photothermocatalytic hydrogen production technology
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of different hydrogen source systems ( water systems, carbon-based fuel systems, and nitrogen-based raw material systems) is
comprehensively reviewed and categorized. In addition, the mechanisms, performance advantages, and technical characteristics of
photothermocatalysis are emphatically summarized. Specifically, photothermaocatalytic hydrogen production systems from water are
categorized into two approaches: freshwater-based hydrogen production and seawater-based hydrogen production. The promotion of
hydrogen production reactions and the enhancement of the full-spectrum solar utilization efficiency in photothermocatalytic water
splitting are due to the elevation of the reaction temperature and the acceleration of charge carrier migration and separation, which are
facilitated by the unique heterojunction structure or localized surface plasmon resonance effects of the catalyst. Photothermocatalytic
hydrogen production systems from carbon-based fuels are subdivided into hydrogen production from methanol, methane, and other
carbon-based fuels. The characteristics of the photothermocatalytic technology in this system are to reduce reaction activation energy,
enhance the selective conversion of intermediate products, and prevent catalyst poisoning or deactivation. In addition, the
photothermocatalytic systems for nitrogen-based raw materials include hydrogen production via ammonia decomposition and from urea
wastewater. Water and urea in urea wastewater are simultaneously utilized for hydrogen production through photothermocatalytic
technology, realizing a reaction pathway for dual hydrogen source hydrogen generation, while potentially solving the problem of
wastewater treatment. Under the trend of energy transition in China, full-spectrum solar photothermocatalytic hydrogen production,
characterized by its wide availability of hydrogen sources, mild reaction conditions, and high hydrogen production performance, is
expected to become a significant technology for green hydrogen production.

Key words: solar; full-spectrum; photothermocatalysis; hydrogen production; water systems; carbon-based fuel systems; nitrogen-based

raw material systems
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Fig.1 Schematic representation of photothermal synergistic catalytic mechanism for H, generation from water splitting[16]
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P BT

Au 7EAL G 0 W ot + S B AL R ISR I, H
YE P41 6 Au #50%] Rh/SBA-15, & ITEGH
AL, CO, #4kik 3 600 mmol/(g « s). XJE T
Au 5] A=A LSPRAL Y, #IE T 3B 1 4
CO, fl CH,., FfiJ5, YEiRBAH™ 7E sio, I f#s
J& Au Fl Pt. S50FKRHT, FIH Au Al Pt fUHEEE LSPR
BRONE 7 AR R SR T AT R IR CO, B i)
P E L AT CO™RI COOH 36 i 7 5 4%, 41
1 CH, MEEA0R, AR fb S i o 52 FAi Ak
SN AR 2.4 4% . XIE IE2H P SR 1 PR R UTTE B
il 28 AL B WL 4 I A AL Pt-Au/P25 F T DRM J
B, T OGAE BRE TR LSPR AW BIS2 I, DG
TR H F 25 DRM [ CO, W Bt i 1k At H, 7=
A, BUEEHVEAL TR H, 72 SR AR G B S R
FHT 3.00 %, BRI, ZIRAH & T R A
7] Ru/Mg-CeO,, TEIEI IR 500 C T H, 7% H
0.56 mol/(g - h), JELEI &M T 1.88 4%, [Fl KT
CO /Y 7= % N 0.85 mol/(g - h), J& 4 # & 1 1y
28

1.65 1o X FEIH T LIS T AR ) & s
ZERIH Ru-O-Ce o7 s (Y P BE 1 , & (5l g 285 440 1)
CO, KMz AT CH, FTHALY" . XPS 45 H4iEH, ki
1l LLiid Ru-O-Ce 25 #9 MR AR 6 8 5 Ru i 5,
HE— PR HE T CH, MBS, EE L H YR, {2
EH, AR [, R BOGHE AL T AR 2
T AR, FERARALFI A b 5 4R
FFIH, WANG %5 8 45 19 I0 5 48 NigsCeo 505
FEAETLE G AR B 25 PRI, (A (kT R
R, CH, 84k Rt vl ik 8] 34.9%. Y4 B DRM
SCIBIE R, AR AL FIREE R, SRS
SLRALL, CH,y Al CO, ML R B4R 10.97%,
7.93%. WAHN, TR 2% F 4% (RERBE R PR
FER G YE S 8 TR, nT DL SR R R N i R
33% RYREVRACR A I/ MR 2R 38 4 i R A
AR, BRYRIEOR 2 L s i) E 2, (A
R CH, i ARS8 G B DRM KR
[y 2 Fh FEALH WE 6 Fron, —F R 1ok 8)
HLff 558, 5 —FPALHIE 5 P 7E Ni-CeO, FLTHI 11
U bt A T B SR B A A B Ni-CH, i, K%
A e A P R B RE R A3 N, fhF g i
HEMATE, R AL TS R,
IR FILIE AL RE AR AR

HRi, 7E6HVEIL DRM Hr, DUG S B # i
b, SemiFAEdl, SeRbE 32, RGP
WP, PG T R RS U LR S RS
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Fig. 6 Schematic representation of hot-carrier driven
[40]

photocatalytic mechanism on Ni/CeO,_, catalyst

BIEMWALN, 6k CH, 30 CO,. [FIRTSEI A AERE
T i = AR R M 5%, ARk T
AL B B AR T, R HET CH, M CO, 1Y B%
o AR A AT DA RRAR A Ak 5 107 B 5 A i B L/
s ST, 1 HL AT LASE A A ] R S R R R A
PErEYINEEEYE . BT DRM N HEFE CO,, A
ARG IR RN, PRTEA T I B SEPR M R o
2.3 KPHEECH L EMmERRES

bR T R GEAh, HADBRER B AT VR A
ik, BIAHER (FA) 78 Tl HLE BRI P i ik
T2 e BRI ok E A . L4k,
FHIER O 2= e BRI, IR IR by S ik
BV 2R sz B E A . H R B I A s HAAR R
HCOOH->H,+CO,. LV M4 "™ #5037 —Fl kT
Bi,Tes/Cu WGHCH B H TH RN, %3 E 1T LA
W 1 kW/m” 48 5 58 AR 240 C IR . T
PE-Mo, 05C op £ 725 BARALT], 7E 0.25 kW/m® 5504 T
F2AE H, W FE R 1.07 Li(g - h). it DFT 5 5k
JC % I B T AR W A B RE L 18 7 & B TOCOH |
"OCO+1/2H, WY Mg R, 1 OCHO fi# 25

WFOCO+1/2H, SEW Y, W 0.34 eV, XERE
TEFh J12% b, "OCOH BIf# B 1 OCHO Y fift 85 B A7
. 5, OCO MBI COo, BA HmiA
Wi se, FRI CO, MIERUEWAN, T vk 0.79 eV
MA R, X Eess R IZO AL P OCOH %
2 ("OCHOH- OCOH-+1/2H,> 0CO+1/2H,>CO, )
WAHM ., FH, BN ARG T R S R
B, [EREWIESE T H R A I S L™ TR
PSS Rl =R T T G e
6.22% ) Hy- it R IRkE 4532 e ™ 2™
HHLRF Ni/CeO, F T H FE IR O b Y I AL T3,
£ 400 °C T Y H, 230 2 756 mmol/(g - h). 4=
WIS AR, RRERT LI SR
il YUAN 250 84 51 Ni/CeO, I THEWI R 2
EEEHVAL R REAS B SR PERE, 76 3 kW/m® FiY
PR 519 mmol/(g + h). 5L Au G0KHLT 1Y
TiO, 9K AV M AR AT A H A i U ek
ARG AHGE™ . SePeR b TR RER 5 58% YA
K, HOGSEIL TSGR 2.38 mmol/(g - h). &1 8
JER T H G R d A AL, O R AT Rk
N RN AU, A AR 2 A R B
2, BEJG T C—C 1 C—O H 2R, A= /Ny
FhEARRES . LIRS, Tio, PR
HHFHRBE AubiF, LR H 3 A AL
H,, MMi6AZS 5 W B A H b o+ R o 5T,
HAMTE TiO, BN & A Wi AR FBE SN , A pl 2, e
FHMEE , BOA SIS T EE SR, A,
BErPEAR (A BE . CWE ) 7EOLMEAL R nl k=3
<, HE—HH R H, Fl CO. M F FE il —
P — H RO R IR SR R, AR BRI
REOEAEIEAT BIVEF o 126V H- I i S LE R 4
T AR A AE H IR B S A SRR EH

03 *+CO,(gas)
* YiYLY 2!
Ny AR SBE
= 03] S A o e
o ¢”¢‘n" \ *OCOH+1/2Hy
2 -0.6 \\\ AYIY LY +0co+1/2H,
12 *OCHO+1/2H, AAAY

Bl 7 Moy osCy 0 (002) K T - FA #78 B9 45 /N30 70 SR Y
A e (AG)"
Fig. 7 Gibbs free-energy change(AG) of each elementary

reaction for FA dissociation on Mo ¢4C; , (002) surface*"

H RIS, AR BRI A 3 2
PR A R A . Sl A A
TOCTRFACRCR B AP RRRRAFDE R B RERE L 31 S
JO7 3 o AR B IR A R I AR B T 0 B AR
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and carriers migration route during irradiation

i, A5 PR I ) 1 P i 4 A i D B B A
BT UL BES, AR HAEE RV LRI R ] =
RN S T RS P AR AR, A T
FORE A, AT RERS $ i 0™ R . X Le R 1 &
JE LB . IR A A R TR R A

3 APREEEAREURERRHS

K PH A 280356 DRk ) S0 AR G A O TR R 32 6
VR, CON PSR AR EE AR TR . %
B o A K PHAE SR Zh B L kL (AN s R K )
O, KRG WA S A RE
Ak, SEGMLA BRI Z A L, e ik
FLIECRHR S8 T XHEA BRI, R RESE
BUGIR S RU= 2 rEse, At T FE PR eI m K
T TE T AR VR L R 5 DL AR A SRR S o S A
FALFR RS SN PR 2 K A
3.1 KPHEEXREHESSBHS

2 (NH,) fEA—FEs a8k, BA m
A (17.6%, FissrE). MAh, @AIEE E T 0
HON-33°C, mETAR (=253 °C) , FEHBALA
A7 o 2 DR LR 1 A 2 P S5 N TGl S 3 A 8 1k
B CHTE S Re g N ST E K. AR,
FEFT PUTIO, AL ML o il & b, 7K
(I AT AR YL R PERE , A &Ko i
PR T EEIERE S FERN Y, &TE TiO, HISMR
RS R FEAL R, KA £ ol As f Ak ) %
1] PSR EE, U R E R R, R T
R, BOCRELE AT R — RS
30

(AR) KA FE—Fh L LSPR K 26 Fl 3 ifi 71 2k
(RN b T (AR T ) A B A AL
#. YUAN % 14 T Cu—Fe—ARs, 7EMMLK
JEIR SEPL T i 4 Jm Fe Mt S MERE S Ru AHIE L
(IR H . 7E Cu—Fe—ARs W', Fe 1}y I %5 50 BL
FE Cu R4k I, FefRPOGH L &AM ERH T, ¥
i Fe—N HEFRAR N #4%, (EUEF~Pft. BRItz
Ab, HUEF (AR g T K BH RE s i b A 4
fifE, LT A M T R SR I v A R T Ak
JF Ni i CeO, 912K 7, 1E 300 °C I NH,; 71 fiff i
#H 3.544 mmol/(g * min), TEZEFbFHARCHRHAAF
T AT AF] 1.58 mmol/(g + min), H &S5 o &
WE 9. T B N—Ni 598 RE 1% T 3L
N—Ni (J8#RE, N—Ni 7£ 5.5 F Ni/CeO, (111) H
(A B 25 S o Ni-N N L AR s ik, &
B NH; 7655 T Ni/CeO, FHERSMA, S5HRFH
Sz B T SRR L T AR Bt 4 JE A Ak
FIFR TR St 4R AL . BJs, YUAN 255 ][R
R T 24 CeO, IR T Co fALFI, 7
AN, 1R TR N 308 C, H, /=%
4 0.22 mmol/(g - min), 2 {5 KA TR 400 °C,
H, FZ#°8 2.7 mmol/(g * min). HiETHH RN
Jei 1 2L W P AL IR T Co AR R T 1Y
N—N &5 G R 2R T HFET Co #4e, IMIE
ST AR Co BIMEH. HAh, WANG 4™ FI A
B ROV 2 B R PR AE IR & e, (IR AR 0 1Y
KBHREFABE T LME A S fbF Rt fr, HA RN
I EbERE . BT RLLS R R — e A
R PH RE R AL B AR R RN KR 43 Sl ks
86.86% . 40.08% Fl 72.07%. XIA %" i 1l %1 H,
BB N A%, [FRRIESE T K PHAE 9K 20 1Y & 4 i
nAEME, K PHBEE MR Tl fb i FZEE T BEiS

B9 HTFHEF Ni/CeO, KIHfE g r& ™

Fig. 9 Schematic diagram of solar photothermocatalytic device

for NH; decomposition over single atom Ni/CeO, catalystlss]
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1T A BH AB ' B A 2 23 A ) & 322 LAY il 3
PRI, 8 R D A AR AT Bl
SN B T v AR D R R N R . R
AR IRIE —AE 600 °C L L, (EF]FGH P
PEALF AR AT LRSI IR X S PR i . X SR
SRR R SR e AR AR R AR, B
() Tk AR A
3.2 KPHEEMMBUREEKHS

PURZE N F 0 & B G Y = FBOKIRATG Y1
FHEFER, RisYas kR IRE BRI, SKAES
ARG Ay R, &R E RS, B
K ETS Y 2Rk, ol ig s, ndEs
BT EREAE, R EENE . KRR
RIS AR BRI R 15 Y Wy sl % 720 5 Ak s
REVR, R—WiEls “RERSTMEE” WEMEMEES
ik 7 R PR A B B BAE LT
M. 1RECEERN RSN 6.71 %, H5KEE
J& IR 10.07%, 45666 S A8 bR 2 A L LA &3k
&, RERE. LE. A5, A, BIHF
Mz, 3B IZAAAE T 1. Al A A6 & K
. JREZE NS A EZ Y, R

Concentrator

IR B0 95%, FRELA LI 2%,

ZHAO %V 46 T —Fh i A Ag/MoS,/TiO, =
JUS R AR, AT KR Hy 77 A R
1.98 mmol/(g * h). F LK JEH T Ag F1 MoS, 5l
AR CIARON e TR, AR AR TR AR
Ti"' 1 O BRFEA RAMH 7 eA T2 R I A
MA 25 J S PAI RM AL HEARAE K B BE IR 3)
PRZE IR K IRBEEAL I E S ITEE . 7E 15 kW/m” 4518
ST, IREKERZEHEF N 23.18 mmol/(g - h),
AR K BHAE — R BEFE ALRCR N 0.31%; MifERA
PREFAAER, PR HEFE TR 12.44 mmol/(g - h),
K FHAE — R BB ALBCRIUN 0.16%, SR EW], IR
R RIS EPEREIR T 50%, B3 S T HM0G
TR FIBAEAL Y SR, teAh, it 4N 15 kW/m® 52
PR PHICIN SIS, PR S0 R e PR
14.04 mmol/(g - h), UESL T RLEH PRI AR
TESZIR PR IR 7K 1 PRIAL BRA R SO R F R T 7
LI Y=Y I S R VS e R A B LR
N AP e, Wik 10 fis . B9, ERELt
TERRETT, B REE T IR AR A AR, (e fl
TiO, FMIEJFLE B TiO,, JeBkEG (O, F1 Ti™) , 4
AT B9 235 ) R E M BT e T RN LA .
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Fig. 10 Schematic diagram of concentrated photothermocatalysis for H, evolution from aqueous urea
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K, KEHLEIEE T Cu 'S Tio, Z MR EAEH ,
i TiO,., R HEIE L/ HY Cu HLJFFF1 2D Cu )2,
PRTE TR TR B HOWRBERNBE Sy, O EEK Sh
)T A A A . FR, SRR T A &
R K o i ) 0B, T A B D) 3 Ao 3 i o A
T3 O R RN By T 2 i — 20 IR B L o te4h
PRI B PR Z K A R, SR TR Y AR
75 eTF N & AL R, SEUR Z KR
SRR EH SR . e, AR EEEE T
NH, AN E 6T NH,, #3487 T 20l A
PERE,

K BHAE B IR R KA, SEPE T KA
HREZE BRSOV, BAEZENIETE
S, WA F A BHAR N Tk . Az 3% B K il

A, S R NET REE T R AR A
4 HEERE

HAT, #EFRESRIANY: fE28E KIHGE
H, KB FERBUA RGN, T LM 2k
TorEs, AL, (R BN 0 A R
B 5 T B R AR R s, B LSPR AR H
TR F, BOSRN Y, BRI TG feEE, HE
T FERARAY IR 2514 P82 ST a9l Atk RE . JT4E
Sl BT 45 1 R BH RE S A F 1 VPR BE XS FE LR 1,
WA FRA BT A T A% EOR H AT & R
AR

Hoe, ETLEBIE AL, NS R
SR KA R BB H A . — O

1

R £ K PHRE S AL HI SR ST RERT EL

Table 1 Performance comparisons between typical full-spectrum solar photo-thermal catalytic hydrogen production studies

GO

e

S 2

fEALH

SR/ R A

A

R AR AR AR R T

FCENABEROR 1% B %
2021 WU%" PR Ni/Cu-TiO, 0.60 W/em’ 27.01 pmol/g — —
2015 PEHZM WAKGE Cu0@TiO, 1000 W/m’ 5.40 mmol/(g - h) — 67
2023 ZHANGH"  WR/KAM#  Fe&Cu-In,O, AT 28.63 pmol/(g * h) — —
15 kW/m’ 86.8 pmol/h —
2020 MA%! WAKIMR P25 TIO, , pme —
36 kW/m 235.8 ymol/h 0.022
2023 FANGZE"'  WkM#  cON 300 WHiAT 1932.9 umol/(g - h) — —
2023 ZHANGH™  WK4ME  Co,0,@ZIn,S, 300 WHUT 4473 pmol/(g - h) — —
2021 LI RIKAMBE  FeS,/Bi,S; 300 WHT 16.8 mmol/(g - h) — —
300 Wikl 25.86 mmol/(g * h
2024 SUNZ™ #WKIM#  CDs/PCNVs-3 e (&) — —
EV /R 13.1 mmol/g
2022 LI ko EHEIRZS DRUO/TIONPYC 300 WHRLT 81.62 pmol/(g - h) — —
2023 LI WAKSHR  Cu/TiO, 300 Wi AT 24160.69 pmol/(g - h) — —
2022 MA%® WIKAHH  PLTIO, 300 WHRAT 225.04 mmol/(g * h) 0.89 —
2025 LU%® RAKSH#  Co0/BCN 300 W4T 3.7 mmol/(g * h) — —
2024 L% WIKIMR  PC@MoS,/ZIS 300 WHT 18.79 mmol/(g - h) — 14.1
2022 st WEKIMR  Cu/TiOH/C-Wood 15 kW/m’ 179 pmol/(h + cm?) 0.047 3 —
2024 LIZ%® WEKIME MoS,/PVA 1 kW/m® 45.5 mmol/(g - h) — —
2024 WANGH®  ig/k4E PCC,, 300 WRAT 200.5 mmol/(g - h) — —
- 300 Wikl
2023 LUZ™ K5 f# - CDs/TCN 39 11.92 mmol/(g - h) — 7.8
el ) 600 W/cm®
2024 SUNZ§ WIKsM#  Co-NC@Cu o C 9080 umol/(g - h) 478 —
e 70] . 100 mW cm”
2024 LI% WK HE - N-TiO, 70 C 40.24 mmol/(g * h) 20.2 —
2021 YU%® RS Cu/Zn/Zr BALH 16 kW/m’ 1.51 ml/(g - s) 456 —
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KBHAE R A ResE bR/ FmF
GEh =3 SRR F L7 SR/ A A AR A X .
) : HEWRRHIRORI%  HORI%
2022 LIZR! FEhl4  Pt@Tio, — 5.66 umol/(g - s) — —
2021 LUO%™  WIEEHIE  Zn,;Cue, 7.9 kW/m’ 328 mmol/(g - h) 12 —
2024 LI%M HEHSE  Cu-ZnO 15 kW/m’ 1.12 mol/(g * h) 5.3 —
2017 SONGE™  HEifil4  P-AwSiO, 0.6 kW/m’ 90 pmol/(g * min) — —
gel71] . 2 4h700 W/m®
2023 XU PP st Cu0/Zn0/Zr0, 140 T 750 mmol/h — —
el72] e 15 kW/m®
2022 LISF PP ] Pt-CuO 1.6 mol/(g + h) 7 —
180 C
. 3 300 WHT
2024 LIN%F FH P CulnS2@MIL-101(Cr) 170 T 36.233 mmol/(g * h) — 23.22
2024 ZHANG% ™' HIgEhI%4  Ru/Mg-CeO, 2.7 W/em® 0.56 mol/(g * h) — —
2025 ZHANGH™ Hifzhl4  Ru/CeO, 1.5 W/em® 350 mmol/(g + h) — —
stz 74] e thal At 600 C
2020 PAN% F et MgO/Pt/Zn-CeO, ) 356 mol/(g * h) — —
30 kW/m
450 C
2020 SHOJI%™ IS RW/STO . 900 pmol/(g - h) — —
150 W 5K — i AT
; ) BRAE500 W AT
2020 WUZE"™ ekl NijgCo/Co-ALO, 600 C 63.46 mmol/(g * min) _ _
7] S 3.0 W/em®
2021 RAO% FEEHlE Ni/Ga,0, 290 190 umol/(g * h) — —
i ) 500 W kT
2023 JIEET HoeklE NisCus/ALO; - 61.69 mmol/(g * min) _ _
2024 CHANGE™ HARRILMRE WN/Gr 0.4 kW/m” 7.88 L/(g + h) - —
2022 YUANZ™ HABBIWE SA Ni/CeO, 3kW/m’ 519 mmol/(g - h) 16.7 —
2022 ZHONGH™ H AR EMKL Aw/TiO, 300W AT 2.38 mmol/(g - h) — —
e 59 361 kW/m’
2024 ZHOU%: HAbAR SR EL Ni/m-Si0, 686 1966.2 mmol/(g * h) 55 —
0] s 182.9 kW/m’
2024 ZHONGH ™ HAbBRFME Ni/6-ALO, 200 C 3776.3 mmol/(g * h) 7.2 —
elsl] ‘ 178 kW/m®
2024 HU%: HABRRILIREL Co/CeO,-AlIMg;0, 5 20 3374.4 mmol/(g * h) 7.8 —
2024 WUZ™ AR SRR Ni/Ca, 4-SiO, 178 kW/m’ 3059.4 mmol/(g - h) 5.8 —
2023 YUANZ®Y sy SA Co/CeO, 2kW/m’ 2.7 mmol/(g + min) — —
53 1kW/m’
2022 LI% ey SA Ni/CeO, 300 C 3.544 mmol/(g * min) — —
2024 XIAZ:® SR K-CosMo,N 500 °C 347.5 mmol/(g * h) 14.4 —
e8] 32 W/em’
2019 ZHOU% o Cu-Ru-AR 22.7 yumol/(g * s) — —
293 C
2019 ZHAO%®!  Pokifld.  Ag/MoS,/TiO, 500 W 4T 1.98 mmol/(g + h) — —
EH15kW/m’ 23.18 mmol/(g * h)
2022 MA%® JRE BRI A Cw/TiO, . , & 031 —
ZE A5 kW/m 14.04 mmol/(g * h)
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R IK ZAREL, 55— 7 KA S B Ak 27 B g
IS RRAR TR, TCRIRN o 45 [ 24 R ik
FIREMAR RO IR 2, FEH T ot Ithpla
WA HE AR H T REE LS, 56 24w [ PraE IR e
WG FHRITE R . XS, FRIEEERMA R
XD, BARENE RN IS RE R R e
AERAT RNz R, (HJE A AR T TR — e
600 ~ 800 °C, H Hi I EHIL LA BIE L LA Rt
KIARER BN X —R R, B TiZHE AR LR,
X RSERMA R IR R, FEHERA
R R HREEME AR

HR, 206iE KA Cib T S AR T,
LRk A TR, WA S R E AR T
AN TICRIRS RN, 2 ANSEBR A B G256 A 4
AR A, BhZ SR o AN 4 K FH AE
A FE AR 11 2 8 o7 0 R 28 A2 56 B BRIE

BEAN, IO A7 AE A DT R 5 R I BT R Y X
gy, G S AL th I TR S R B Tk i 2
REHALE, =104 B sk I d s A BTN AR
1, JEARRFFEAE T 2GS K FHRRZE & A AR
KHE, 207 T T AR A R G AT .

e ATRE IR S AR AL R 2 BR T &
K FHRE AL H SR ARE D — PG G . R
FBr R RE VR e AR, BB TH R & BT,
28 38 2o X T AR R BH R I Ak ] S AR A 5T 0k
R LEIE, BEE T xR AREARDEER KK
A OWBRIRMAR | REFREMAR ) FAIBFSTBUIR
R SRR . ARAE B & 45 F 24 E AT AR R AR
FHOHE AR PG I, 20 K P RE LV L il &
B AR NG TE AR 1) B B BB IR AR R h R A A,
WK R E WR” Bbs R H S
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