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Abstract

The industry of biomass power generation has been developed rapidly, contributes a lot to
agro-residue treatment, and promotes the works of burning-forbidding in open air and air pollu-
tion control. Currently, high-value reutilization of the ash of power plant firing agro-residue is
needed urgently. After potassium extraction by water leaching and phosphorus extraction by acid
leaching, most of unburnt carbon can also be removed; the ash would be mainly composed of SiO-
and silicate, and can be reused to produce Na;SiOz through the reaction with NaOH. This study
compared the processes of calcination, hydrotherm and atmospheric liquid, and established the
optimal process of Na;SiO3 production from the ash. The dissolution rate (DR) of SiO;in the ash
could reached at 74%, and the attained Na;SiO; solution can be used further to produce sili-
ca-based materials such as silica aerogel, silica sol, and etc. This study is helpful for the biomass
power industry.
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EYRREFEVCHBIRERE, RENBHRERKTI, #3hTRTERE R KSIE 6 TE,
Hena I BER R KB EEABAR. BHRKEZKBRIGR. RBENBRZE, KBFSRR
RRMBEFESBHER, HANRSTER SRR, —SHBSESAES0%L L. UK
SNPONREFIRBFEFT KB S0z, XTH TR, KRGE. BEBAEE, PISREBR/TA] KE
# % Na SiO: R T Z S8, RKEFEH IS0 8 HRIER]74%. Hl&HINa Si0- BB T k8 H TRS
B FEERSREMBINAR, AXEAEER L.

E3: 4]
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1. 5|8

AEVBUR BN AR BRI K, AR ERORIAT I, HES) 1R EE R AR A R TE Yeds i L
1Eo FEAERIA R FER P HE R ARV FURELEEAT K B, 100 R 57T TLREHLA & AV K k5 H
FEREAT A Z) 800 W, RN HLS MERE, 8] ERFEATAE BEHENEIR 1] [2] [3]. WHEASFR T
TR LI~10%~15% I RIRIRI  ~5% I TE R KM~ 1%t R P). HHTHBELEHAE, £
REARAFIR H o IEFEREF B A T a4, JFH 2 EPEMEIRIH . KRATE 2008 F/ity, EIERIEK
FroR2AR Al H R R ) 405 M R OK 2RS4, EERTRL 500 m¥g A7), Ba& &R A BUR AL 4] .
2012~2015 4, HA, EIJEJEVOE. EPOA B 7R H R AR 6 4% 1 % (700°C ' KOH Wik, LR THIHA
2571 m*/g) [5]. NaX/NaA #bA[6]. -FhAaE AW 7IMIRE. 2011 FEAFEERER AT T BB T 052
FETHURRr sem, I B OR FH Z RS AGE fl s RE IR B, B — 0% P A Lo 10 MCM-41 [8], K
AR TAREEIE . RE. EHHEWRRARB] (9], HATA 5 ETT R 2 KIRAT BE R AT 7T .

FEFF B Z ARSI R . IRIRIEIUE R )5, KB R B L BR2], FIRMIKS F
BE TR LR B, AR B RAE 50% UL L, AT EERR AN Na,SiO; (K BEHE) [1]- Na,SiO;
& Tl B HAAT MR S 5okl al A= AR B IR FERAR . FEABER SRRl . ASCEZ L
NaOH NHHGRIFE IR AT K i Si0,, Hil & RERRENIAW, WL TR KWL, W RBARE, H%5
T Si0y/Na,O EE/RKLE. NaOH S5KEFTRA T730. WA WX A R Si0, ¥ R R, Y153k
SREFF L) R ] 4% NaySiOs I T 2551,
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2. SEGE
2.1. EFER

FEAT HGE I A T AP HEPREAT EUR L (R ZEDLIOKRAEF R I A 73 =5 8% 5 Si0, &84 50.55%
KSR A, BRI AR L L/S O 3 BOSRAE R BR RAG BRI OB, 58 Sio, & &
N 60.73% BRI K. TRIZZ MBS pH N 0.8, MRIRKAZ/KIATT pH =S5, HIKBeE, g,
PEVR15 5 A D ) 28 R R B R ARV S

2.2. Fl&ERIE

2.2.1. KERRE
[F) A JEORH R I NS EUH [ & NaOH, VR, Kk, M/KIEMAS 2] NaySiOs v, b B AR K5 6%
NaOH 5 K& KR A 75 304 N R A GRIR) M TR & (TR A 18 20R A 2 K v R — 52 i 2 fr ]
& NaOH TERFER PRI EE I 5] 5, M s N EIK, B 2R S AR R ENR, REE TSRk,
FRIBA WAL RS, THESREPABK, BEBNDBIRERE. ZENKER, s
AR, THEKES Si0, 1% H % dissolution rate (DR), 5 Az in(a)=X:
Vi x Cyo,

DRy, = Y. xm (a)

Si0, |

Vie SRR AR Cyo, + W SI0, IIRIE (/L) X, @ KIEJFELF Si0, 17
#(60.73%): my: K JFERTE(g).

2.2.2. IKBGE
P I TR RT — 8 PR FE 1) NaOH ¥ B T /K A M HR VR A, 78 3% X548 A i in A — B |l )
HEAHZEER. SPERPRERR, FEKES Sio, FE R, HEAR b)),

2.2.3. KE
B IRV JFURS NaOH JWAE L/S N 4 444 R4, 1E 80°C Fhn#k 3 h, Wi A4t #F4%# A 800 r/min,
SN E A AR . RN e, T R EE R A AR, AR R (DR), A (b)
o
V, xCo
DR, =— "2
5i0, oo, xm, (b)
Cyo, : MR SIO; MIRBE(Z/L)s X0, = B SiO, U5 8(60.73%); my: JEUBHRE SR R (2)5
JHFIKAGE, 7y AP NaOH B0 AR T8 IEHE, Vs I N 58 i a & B TR &40 1)
RFAL).

2.3. DAk

2.3.1. A& Sio, RENE

IR NapSiOs iR B, MRAREERRAR /00, LA Sio, ik ETH, b b v ILE bx GB/T1574-2007,
K FRERHIE 7 O BV E o« 75 CBAFAE R, TIREEDN 0.1 mol/L EhERIIA M Hh, IERERR 5HHIRAE iifa e
FOREAR 3, MR S 2 mol/L VA L, DAPUIR MERIE AR B N RERHEE . B AT 43 56 06 B vl 52 R R AR 11
W, DL Sio, kit
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2.3.2. B[RRI Sio, REBAE

SHIRVE WL EFR GB/T1574-2007. FREUKEE R 0.4 g, FRAES 0.0002 g, B THIEHIRF, #HILHEL
BEEiE. IEE 8 g, BA, BT, £ 1~1.5 h W EMNEETH 5 ZE 680°C~700C, i
I 20 mine. B, HKEA G, BEGEHHIRIMEE, 80T 250 mL BeARHh, AT 150 mL #h/K, SLBEIZE
RMM, FERZURMNAFIEE, #1000 mL &M+ . FAROKSE SRS SR NSRRIk

/\/\E

BRI 1 2.3 WONENE ISR S0, WIE . 25, EIREH S H R R Si0, & &
3. BR5ITR
3.1 KEBEE: BESARE/RELXS S RARE

HHE RS NaOH TEIR G, 808 Si0y/NayO E/RLLM 718 0.7, 1. 24 3. 4 F15, ET St
£ 580°C FAEHE 1 h, VAMRREREIG HIRE SRS Na,SiOs v, A Hrismi i i) Sio, W, iHE K H Sio,
I R, 51 a1E 1. Si0,/Na,O HIEE/R L, &K R EHE Si0, 7 & (EE/K)5 NaOH ] Na,O 7 &= (FE/K)
Z . B SiOy/NaO BE/R kN, B NaOH F R8N, ¥R 24 FFmias. B3k BRI
LI, IR EFREAE AW 1) Si0, 2 #5432 Na,SiO;, HSRIR1F 3 AV tH %4X 71.03%: HEE/REN 0.7 I,
B NaOH FJ S48 1 42.86%0F, ¥ HZRIE KT 3.6%, N 73.60%; &R, HEH S NaOH k25
SiO W R B, IERMIR T . T FIRFEE, W 1 AR Si0y/Na,0 BERL.
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Figure 1. Effect of SiO,/Na,O mole ratio on dissolu-
tion rate in the calcination process

B 1. e REL IR RIAIR R AR

3.2. 1Bk RAFAEREMNBELRHRME

I SR NaOH FERESNEE /R LE A 1 B4 R AT T 3 (Dry) BB (Wet)iR &, 1 B — & il B R be
30 B8 120 min. #5HSIRE FEREN 280°C (KT NaOH K £ 318°C), _EFRIA “ IR iy 2387 77 1
GB/T1574-2007” HEFEMI R BEIEE 680°C o K5 oeht ih /KB SRIFRERR BN WL, A3 WV (1) Si0, W, 1t
HKE R SO, Vs %, 4Rk 2.

FE I E] N 30 min B, ¥R S H0E R BAA E T RIR AR, XTTREREA, A8 SUBEIN E] e )
BT, IRA B ANIIKEE— W RE ], 751X B ) B B A TAREARAS, N IE B,
1 Si0, ¥ H Z P

REREIN ) 120 min B, F QORI R AT, JF B AR B s T R NI 4 30 min 5L, 5
FEENR IR A FEREK, IF HLAE SN 58 5 2 485 IR AR (I HOR Y, MECUEUH, TR IR A, S B
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BE. TRIBEZMT, EiRARES KB b AR R ML F TR S Sio, LR T /KM, S5
TR R 580°CAEALE] 680°CHY, VA HIZEI 66.40%J8k/ N2 49.83%, T FEMRALIAE] 24.95%; ¥
HZAE 330 CHIIB B, N 72.57%. W IRE KT, ¥ H & RAE AR /ME 73718 70.63%F11 64.99% .
T UL LT, KrbakfiR G 7 N +2UR G, JEReIREIESE 330C.
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Figure 2. Effects of mixing method and temperature on dissolution rate in the calcination process

B 2. JEAARNFEEITERE BT RN

3.3. KR KEIGREE) R H R R

Kl 3 RIET RS SiOy/NayO BRI 1. K5I 330°CHIZAE T, SiO, ¥ 2R Bl k5 Bt (] 11
Y 5 AR IS [) U 2RI N, ZE RS BRI A] A 120 min B IA B KM 72.57%, £ 60 min A1 100 min
I, AR AN 57.32%H1 66.09%, HiI# LG FHIE 70 A K T 15.25%F1 9.80%. 330°C Ca2 T NaOH
& IR, T ELS SCHR[10]9 68.01% 1A R AAHEL, IR HEN 72.57% DA £ IEZ 4R . g
FRAEKS[A], AT REREFERIN, 1E4F 120 min s R [A] 2 A

100
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Figure 3. Effect of time on dissolution rate in the calcina-
tion process

3. KERRAT B X KR A A R AR

3.4. JKHGE: REPIEE/RELSRE TR AN

IR B R ARTE — R IR EE AR )R, 1EK . ZKIE R ER AV SR A BITIEAT B DR S BE ) e
PR KA SRR — S R P 1) NaOH ¥ 0L T 7K A S N TE VR 775 AESBORCTBRAE i A — BU el )=
BOR e H A SR . BT B SI0 IR EE, THEAGE T Si0, I R . &) 4 RAEWE EL L/S 55T 4. T
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150 min. TEIERE A K B 21 R A SEER 45 3, Si0,/Na,0 BE/R LA 1 8 2. IR A 80°C. 120°CHY
160°C s SiO»/Na,O FE/RK LA 1 I, SiO, ¥ tH 28 Bl I B2 T+ =48 K, 80°C I [ i % A 10.09% /47, 160°C
IR A TR 37.95%, MRIRMRAR, EFTAR B RERRINVE I Si0, RN 56.93 g/L, =&i& Tl
2 e T B R RV IR IR B . EOR LN 2 B, I LA, fRIFAE 22%~26% (8], i+ SiO,
WRERENAE 27~32 /L VBN« /KEGER SiO, 7 H R W AR EAR, AL 40%, 7 HER HT7ER
LR F i JEURLRT NaOH WIS A ik, SR E A 75y, B — D5,

S 0=
/) SiO/Na,0=1
—~ 80_WSIO/N30:2
2 27"
(=]
N
2
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o
]
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Figure 4. Effects of temperature and SiO,/Na,O mole ratio
on dissolution rate in the hydrothermal process

B 4. (BB SREMEREEXIIK AL H RS0

3.5. BIERNE: BRI E LR

PR JF RS NaOH ¥ AE L/S O 4 %4 FIRE, 16 80°C FIN#A 3 h, HEJ1HiHE% >y 800 r/min,
SRS B A AR ETR o R RN TE K, T R A PR ARAR, B DATHERE 26 . SRS HHRE Si02/NayO
JEREM 5 0.7« 1. 20 2.86+ 3.5, 4, 8R4 5, BEEE/RLIIA, W HREMK. BREAN 0.7 1,
NaOH HlE /K, WHRWEHREK, 7 80.33%; /KL A 1K, HHEN 74.08%, XGEERK N 1 1Kk
A .
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N D 0 S
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Figure 5. Effect of SiO,/Na,0O mole ratio on dissolution
rate in the atmospheric liquid process
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4. i

FEAT L) RIE L BRUE AL P S5 3R 1F MR JERL, 5 NaOH OB 4% Na,SiO; W, RAHEE [ RN 5
e AR, HEEAE). NaOH 5KE R &7 (R 1BIE). Si0, fl Na,O HIBEE/R . &
7 I JEE RIS [ S5 50 ARV Hh S10, W tH AR I REMA o SRAFUN T 4518

1) ARERF S T5 7, NaOH FH &GN, Si0, ¥ H 2838 I o S ORUF A X5 I HH 28, #E7F Si0,/Na,O
BEREEN 1. X TR, BaRUREMTRIRAR SiO, i HRMY, ETIERERE, RN RN
BAMEE S, 5 T A

2) REREIEI B E A A Si0,/Na,O FE/REE N 1. 330°C FASHE 2 h, SiO, IEHIZ 72.6%;  EAHE
(iS5 E 3R Si0,/Na,0 BE/REE A 1. 80°C RHtHEIN#N 3 h, I EN 74%.

E&WE

KRR I 4 (51306054); [F 5 HL N A ) RHL I H (GNKJI201701, SGINO000ASIS1700136); b5t
F AR 4(3144036); R EAR AR 25 2 % i % 4:(2018MS038, 2016MS54, 2018ZD08); E4LH
FIRE R @I H (XM1805503).
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