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Effects of sodium additives on the NO _OUT process

WANG Xiangyang', CHEN Jinsi'*, HU Xianguo"*, XU Yufu'

1. School of Mechanical and Automotive Engineering, Hefei University of Technology, Hefei 230009

2. Hefei Vasunrise Engineering Technology Co.Ltd, Hefei 230009

Received 16 October 2013 received in revised form 4 December 2013 accepted 18 December 2013

Abstract: The selective non-catalytic reduction (SNCR) of NO, was studied using urea as a reducing agent ( NO, OUT process) in the incineration
process of aniline wastewater on a fluid bed experimental system. Several sodium-containing additives such as Na,CO;, NaOH and NaCl were added into
the NO,OUT system to improve NO, reduction efficiency and enlarge temperature window. The results showed that the adding minute amounts of sodium
additives significantly improved the NO, OUT performance. The efficiency of NO, reduction increased with the addition of either aforementioned sodium
additive to the NO,OUT system. The NO,OUT percents were affected by the sodium sources in accordance with the order of NaOH > Na, CO;> NaCl. The
sodium—containing additives provided - OH free radicals to improve NO, reduction at low temperature. The maximum efficiency of NO, reduction was
obtained as the NO,OUT process was conducted at 900~950 °C, a NH;/NO, molar ratio of 1.5 and an excess air coefficient between 1.0 and 1.2. The
molar reaction enthalpy, molar formation Gibbs function and constant of reaction rate were calculated using a thermodynamics method, and the results
confirmed that the NO_ OUT process in this work was feasible.

Keywords: NO, OUT; NO, reduction; sodium additives; aniline wastewater; incineration

sz ) E AL T, B A8 HE 3 R e
AFHS A PIZE T 7% (Mahmoudi et al. ,2010) , 24
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(SNCR) FHE 7 M0 B0 AH | AR 45 326 FH 1) 340 Jir 580 A ()
( Zamansky et al., 1999 ), SNCR 1.7 X 1] 43 Ky
DeNO, T. 2, ( NH, fE if J& 7] ), NO, OUT T. Z;
[ (NH,),COfEif J5 51 ] 1 RAPRENO, T-Z2[ (HOCN),
VERIE ] 765X 3 FloriiH ,NO,OUT T 25 RHA 55
PREMHAARER Ltz & if 32 X (Lid et al. ,2009).

SNCR - 20 B9 A &30 B 3 il —f& o 900 ~ 1100
C (FHZEHEEE,2008 ) , Fe 78 1 I B 1 11 39 T Wi
MERE , ¥ B8 BN R B 9 11, [ N AR b 2 B 1 5
TS I3 % A 09 5 . Wu 48 (2010) AN H, |
CH, .CO ZEAMALE DeNO, i fit§ 3 72 rp 8 7 42- OH
TEPEIE AT, AT RRAIR NO HEL ; =285 (2008) AfF 5T %
B, I ARSR T LA 96 SNCR S B R 11, HoR
SR/ B R O il 88 R R . i 48 4R AF (2008) FE
SNCR H i FHAHLER N, 45 L R L8 Hil, 2
iR H R BB AE B IR AR B T R SR T SR, 388 T
FIHIE IR 3 Daood 25 (2013 ) 78 48 i 4= 9y i
A SER S5 R I NO HEB RN T 40% ~ 80% , {H
it FH AR TS IR A TS IR 25 n co S5 EAR
PRHE (#2645 2008 ; Zhang et al. ;2008 ) . [E A& 7%
TFRJE 2 0 R AR R A5 B T2 F 5T, Lee 55
(2005) 5T T ZFhEN TS % SNCR RS B 52 1)
Fi H RO 3R i o S o P B 3, JL A A
TN X8 58 A 205 2% 1) 41 32 25 R S NaOH > Na, CO, >
NaNO, > HCOONa > CH, COONa. Guo % (2013) X
DeNO_ T- 22 8 5l i s o MLER HEAT T B 9%, TA
Rzt RS K 25 B A 124 S FE T RN AR SEEG
/N RS B F 5T T AR A% NO, OUT
JAE BRI | R il T B ) R ), X SR AR AT T
WAk, IR FH X NO,OUT T 5 #E17 1743
M, LI IR ABFZE 8% NO, OUT FlAIE R HLEE LA Bz
Er R MRS R A 5T S HE S A s

2 MBS 7 E (Materials and methods )

2.1 BREREEMBRR

ATRE e B R AL R BE e AR R R 4
SR G AEL M R 5855 TLHR o3 2 . H A it AR
PP AT NE (1 dm®) BAHIX (6.7 dm®) FIFR
AHIX(29.2 dm’®) 3 #5, WNE 1 B BEBe b s
1.5 m, KUEREEHN 0.1 m, KEE LN 100 mmx 100
mm , % AH X S5 B K 0.67 m, #E AA 100 mmx 100
mm , i A X B E N 0.73 m, AR 200 mmx200
. 7E 25 FH DXRN G AH DX T 35825 A 12 T s o — A

FF43 5 Sk T W BT R T v, 48 R VR S
B DR S0 2o R A VR SR S A IR N 40 Y B R
4 150~200 pm )4 e i A EIRA 3 MEA
AR A R BRAK A 4 U 22 6 R A T R, i
2N 6.5 kW TERARIX o i X R AR X 43 51 1
R B Ak - A PR P ) 5 T A o SR o, 5 B
A 3 RS IRZ R+ 1 C.

mmﬁﬁ

Fh
b #g;ﬁ (R
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Qi

B o i
H 450 5L
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T
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Bl SRHRANRAREEETEE

Fig.1 Schematic of the fluid bed incineration

(A B } ;

2.2 RIMH

TR H 38 I B B R w gy, = 1.5% WY IR
AT NO, R R R TR AR, AR IR VR o w0 g =
20% 1) £ FEAY B K 391 25 1 28] ST o 28 e 19 9 v B o
Z— L)L NaCl ,Na, CO, DL & NaOH [ JE X AFA1E, AR
I % F NaCl (AR) . Na, CO, (AR) L &% NaOH
(AR) WERES I, 385N R ZE (CP).
23 LIk

R 25 AR 9 7 538 3 A9 IMR-IMR2800P
HR ST (AE 5 P 3 KR A BR A D) 647 7
LRI, R NO U S LAY 0~ 7000 mg-m ™, 43 3¢
R 1 mg-m™~ s NOLMEJEH R 0~2000 mg-m™, 43
BN 1 mg-m ™ ;NO, 75 FI A 0~9000 mg-m ™,
SIHEEN 1 mg-m ™0, ML ¢, =0~20.9%,
TR 0.1%.

I FH 055 50 25 1 e DA 285 4 DX B 326 2R B IR AR 1)
5 AH DX 2% PR VSR (B BRI R) ) | 1 VR R PR
S T 3 A AR U ) R B R I R M
THE, AR 0 e B i F R SR T SO 2 G, R
HERE S B A XA 0.35 m, JR R IR IR 5 I B A
KR 0.76 m.NO, OUT iz 5 43 51| 78 i AH X i B2 A
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800 °C .850 °C .,900 “C ,950 °C ,1000 € .1050 C 6
AR AT, SRR 20% , @ MR T8 S
B, AR NO,HE Ok B A8 AL R, 28 22 I Al 3038
(RS S v

Cno i~ Cnok

n=——7-——x100%

Cno,
:T:tl:':l ’ cN()tllﬁ %%i_\‘fi@ﬁﬁ?ﬂw X'T‘EJI: E/‘J NO,{ ?&E ’ CNO;* %%ZT—\‘
JBLHE S R NO R

3 R 51Fi8 (Results and discussion)

3.1 #47 hmE Xt LA B B e

RIS DL Rk BT o 3 AR ISR A A il
N o EZS AR RO 1.1, AL (B) N 1.5 4
1T 47 NO,OUT iR 58 &l 2 B AR E T Na,CO,
XiF A R RS2 W, B & 2 R RLE O FE ORI
Na,CO; I, NO, OUT i i 2 i % S5 1o i B85 1 o T
Tl 7E 950 °C 247 18 B i RAE G WA FRAR ; 7R U
il Na, CO, J& , IR BEAIR T 950 °C i, A [] 7860 B8 1 M i
R G T IRV SR, LA 850 °C R, Jous n
B, AR R 31.25% , AN &N 5 mg - ke B,
JRAESCRIRE] 61.05% , BLAF R L& T 95.36%. %8 N
T Na,CO, J5 , S R Z H BLAE 900 C A4y, Bk
IRINFIBTREAIR T3 50 °C. 2415 & T 950 C B, %
I Na, CO, X BEAH R M0 AN K, 3% 156 BRI ik 192 4
i AL VIR IS 0 I 28038, 5 2% I 4 (2011) TEAIESR
BRIRENXT SNCR Y52 M I A5 31 T 28U 458

100% —

80% —

60% —

—®— None
—e— 5mgkg!
40% — —4A— 10 mg-kg!
—— 15mg-kg™

—e— 20 mg-kg™!
20% —

| | | | 1 1
800 850 900 950 1000 1050

e

&2 Na,CO;xf NO, OUT Bifs =% Na
Fig.2 Effect of Na,CO; on NO, reduction efficiency of NO, OUT

M 2 W mLLE W A & 0 2
5 mg-kg™ I, B0 Al Ak AR TSR+ BT R,
Zamansky % (1999 ) tHIA A S 18 B0 8 Jn 55 B AT 52
FAR AR ORI Y AR N KT 5 mg - kg A,

BRI X B0 0 S M 1 3 515
TR (2008) IR 4 R AL WF 9T 45 R L B (Han
and Lu, 2007 ; Zamansky et al., 1998 ) , 7& i fif§ i F2
H1 Na, CO, A4S B FF AR S KN, 1 J2 43 i L NaOH,
LSS PR L 80, A ARG NO_HERE,
R RN

Na,CO;<Na,0+CO, (1)
Na,O0+H,02NaOH (2)
NaOH+M<Na+OH+M (3)
2Na+2NOS2NaO+N, (4)
NaO+H,0<NaOH+H (5)
SN H,050H+H (6)

M 2 0T LU S EE I 20 mg kg™
I, e R AAL 28 (900 C 1) 352 T 92.86% , 1 %
HRAE(2011) 76 AH R4S i T 45 21 19 RS /N T
90% , 1M Lee 55 (2005 ) it F11 i 12 54 45 I 7 45 21 1) 5
RIBERERA (950 C ) AU 72% 247, AR e
1) 4 e MG 80 6 1 I DR T R O D) A A I Y e
TTRRER N — % HE 0 S BB BRI, 2 BEAE =T T oy
fRE2E - OHTGPERE A {2 3 T NO I i s g 7y
17, 525445 (2008 ) Fl Niu 25 (2010) BF5E 20, 8
e EE REREAIE NO HEK.

Bl 3 Eon PR R T NaOH X iAS 5 ) 5%
i, AN ] DU Y S8 Na, CO, 2R, A& &
AR AR I i i A TR DX 1 O s 3580 %, T 7 v iR
DX AN NaOH X6 56 i 1) 2 a2V FH AR AN B 2. 5 Jn
NaOH J& , AN [R] 7 102 B 5 KA AR A H BLAE 900
°C 2247, AE 950 °C B Wi fis 0% A ir T R (H T %
ORI 3X A5 Ayoub %5 (2011) i FH Z BRI A
AT I A IR B0 45— 2 Y IR 950

100%—

80%—

= 60%—

—&— None
—e— 5 mg-kg!

—aA— 10 mg-kg™!
40%= —w— 5mgkeg™!
——20 mg-kg™!

20%—

| | | | | |
800 850 900 950 1000 1050

7

E 3 NaOH ¥ NO,OUT B4 ZE a0
Fig.3  Effect of NaOH on NO, reduction efficiency of NO _OUT
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CJG , U0 NaOH Xof i i (16 42 128 555 SR B Sk R AX: ot ]
2 R R EAR IS 900 °C &, Na, CO, X i A9 {2 37
ViR AT AR

NaOH Xf NO OUT T Z A () 5% M) 32 B2 2 3 1o
HRA] 2 50 o0 A - ORGP 3 A1V T, M 2 s
Bl g, Hoad WL R = (3) ~ (5).

Kl 4 Wi 2 AN R EE T NaCl XJ B s 26 (14 5%
Wi, mT LA, NO, OUT T2 B At i 72 /P 8 il NaCl
A0 P R IR T A B AERLE, 950 °C 22 47 B B AE
FIRFN KA. 5N Na, CO, \NaOH — £, 2 11y
o B RT3 fam XoF R i £ i
YA B .

80% |—

60% |-

—m— None
—eo— 5mgkg!

n

—A— 10mgkg!
0,
40%1= —v— 15mg-kg™!

—e— 20 mg-kg™!

20%

| | | | | |
800 850 900 950 1000 1050

e

B 4 NaCl % NO,OUT BiAE =AM
Fig.4 Effect of NaCl on NO, reduction efficiency of NO,OUT

M LLRT BT 98 (7E 1) BH 45, 2013) |, & AL 4N 7E
TR R 5K A B NaOH , 2 AR

NaC1+HZOﬁS&NaOH+HCl (7)

AR NaOH 4% (3) —(5) # seh Aie kR S 1y
HYFEAT.

m & 2 & 3 FiE 4 7] %1, Na, CO, ,NaOH , NaCl
TN X FIE A 23 1 52 Ml KL AR — o A AEARLPE | BIVARL
NS IR BT B G e IR DX B A R, S
Z2 3 RS I FART 58 A 25 R 5 el KN AR5 rh 43
ME TGS I 5 mg - kg™ s S [ S BE T 14 Id il R
HEERILER 1.

MR 1 RTLUE ) FEAR R BE T, NaOH X it
A HEVE T 5 W I, AR Na, CO;, NaCl U 5
75, Lee %5(2005 ) W58 0 R WK [F] I BE T NaOH Xf
JIS T B AR S5 SR A T Na, CO, 1 H: R Xk A [1] 494 Jir
FURE T WA A R AT A @ ik DA B 53, 3 A
BIMFNFEBLAS R Na JEF RS I IR 5 FR.

R1 REIRE TR B E A0
Table 1  Effect of sodium additives on the reduction efficiency of NO, at

different temperatures

E/C Na, CO, NaOH NaCl
800 44.67% 46.32% 31.25%
850 68.32% 77.32% 51.37%
900 88.62% 89.43% 70.32%
950 84.43% 88.42% 83.20%
1000 71.45% 71.45% 72.81%
1050 61.07% 63.25% 65.38%

Na,CO4 O Na,O
(2)[
NaCl T;)O NaOH 1\(/;) Na
(5) (4) | NO,
H,0
NaO

B 5 NO,OUT iZ 2 fsNiR i ML
Fig.5 Transformation diagram for sodium additives in NO,

OUT process

A 5 7T UL, Na, CO, Al NaCl 4% B A 2 Jii Jid il
SN, B ST — i A T i AL NaOH,, 28 5 38 1
NaOH 73t Na Ji+, 441 2 = A< rh - OH
TEPEIE A A, TR HE NO AR JFUR N, 4 78 fin )
FE NO,OUT JBi izt 2 v i/ 2L T S AR ek (X
BRI A5, 2005 ) . A2 RO YRR A5CHT, Na, CO, F
NaCl F4EA NaOH HYRCRZ (1) L (2) (7)) i
SRRz T DL EE ) NaOH. 78 10 550 %) 158 4 19
PRHVE RS b 5 —Jr il B & B S 5 R (1) |
(2) . (7) B I A AR R EE R A KRS T I
JE(1) L (2) BIARIERE JR R NE%E 4 511.71 kJ -mol ™, 2
N (7)) BIARIEEE K S 4 A 604.63 k) -mol ™", RIB3A:
A% 1 mol NaOH, Na, CO, ¥ i (1) . (2) H 77 Ik
255.86 kJ, 1M NaCl #% ) i (7)) 5 2 W2 1 604.63 kJ,
IR 72805 T AT UAHE S SR T Na, CO, L NaCl BT %%
Sy NaOH , IAlIE , 7 NO_OUT 1.7 1 Na, CO X}
JIAH B A A UL T NaCl.

3.2 & AR e x4 e B A B

A (B) RN NO,OUT JIi A&k 2 iy = 52 [A]
22— A A AL, B SCR A R A
i Z R T AL, 2 T80 NO HEROY A
e A R R B 1.1 R 900 C AR I
HJ 5 mg-kg ' AT HEFT NO,OUT iR46 , TR A L
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JE A A (520, 455 UL 6.

70% —

= 60%

—a— Urea only
—ae—NaCl
—A—Na,CO;

50%

40%
—w— NaOH

0.5 1.0 1.5 2.0 25 3.0

B6 TEL THIMBAHBE

Fig.6 The NO, reduction efficiency under different 8 values

H& 6 TTLLE H  ZEA IR BN, B 2 A )
B, A R A BE 2 3, (B AR A T 2.0 B
ARSI R AL, WA R LT AR 8n, 22300 #h 4k
BTS2 M mea e, A AR 1.5 BRI AT A 3] i
KA, MEARLKT 1.5 )5, WInE A X NO,OUT
J A PR E SRR AIG , $E 25 4 T BB R T .

W45 5 2 W] (Koebel et al.,1992) , 4 I & &5
T 600 K I}, IR 234820 (8) S = FAfitt L

(NH,),CO<NH,+HNCO (8)

MAEK I 5T IR E & K g R g, WL (9)
(Aoki et al.,1999).

(NH,), CO+H,0<2NH, +CO, (9)

R B pe it B AR R R OK 78R,
IR R 53 LA (9) oh 3. RN, 28 B 8 W 58 e ad
AR NO, T NO 15 97% LA L, [F) it ¢ 78 /b
) NO,(VE A BH%E 2013) ,NO,OUT #8445 NO |

NOZEEEUF&@:
4NH,+6NO<5N, +6H,0 (10)
8NH, +6NO,<7N, +12H,0 (11)

M (10) ((11) BT RLE HY 28 B 5% be IR <
K HINO OUT T Z Bt fiE i @5 i B 2 A LM 0.67 ~
L5, A g R R2 W, @A AT ERT 1.5 4
RE A MO0 AR SR TR B e AL, 35X Ul B PR 3R 1) 40 i 3% 0t
NO, OUT JBEfi 52 ma 45 K.
Javed %5 (2007) tA°h NH, 5 NO S b 4% DL R J7
AT
NH,+OH<5H,0+NH, (12)
NH,+NO<H,0+N, (13)

NH,+NO<=OH+NNH (14)
NNH+OH<NO+NH,<sH,0+N, (15)
FH O (3) ~ (6) 0, BH S I 550 g £ 128 40 < rp
SOHAY A R, 33 R S (12) 42488 T 4%, B % NH,
M FE, Jr 2 (9) P ) 4 8 3l DR 3R % Ak 32 4
i, PR, PO R AR I 4 & TR R B BV ROR
XA 6 HoA FEs IR FE R, A R 2 AL T Y
ISR 6 LTS o PR 2 i Y Ao v ) SR A
3.3 ZFAER R BT HAHE N YW
TETALIRFE R N E4T NO, OUT MRS R, 25 <
T R F RS B RCR M R N R — R
TERE B v i 452 B8 B 1) L R A A rb i R B T
2 S R B AR IR BE 900 °C, BV N
45 mg-kg ' &M AT NO,OUT 5, T2 A L
AR s, 45 5 UL 7.

80% [~

60% —

—&— Urea only
—@— NaCl
—&— Na,CO;

40% —

—w— NaOH
20% —

B7 SR=SEHREENZIT
Fig.7 Effect of excess air coefficient on the reduction efficiency

of NO,

M 7 AT, 7E a<1.0 B, BEASR S o BT
BRI Y a> 1.2 J5, TCERT I IR N Na, CO,
i, A R BEE o A3 B0 — 2 R B A RAIG T
7 NaOH F1 NaCl B, JBE A% 232 JL-F- B o B3 I i
k.

TEA B B h | JHASFE SR B v i 45 B8 st i)
a5l R RN KRR WA 2. 3 2 A 7 Hha] L
F A E R R A 2 s 2o AT I AT A5 2 i K
B RS X I Y s S R R A 1.0~1.2.

MR A 0, & B mE A, 0, 38 i U7 X
(16) .(17) =L - OHYE P LT (Miller et al,1981) ,
YA O, F m /D, R (16) ZFR, H T
5 NH, e (18) 2074 NH, SR )5 2 (13)
5 NO, & W, {5 (18) JZ I 3 F AKX ( Miller and
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Bowman, 1989) , (Rl IIt , I O, 5 & A I iR 31K,

*2 AAZSEFRBTHEEREMNEASFEESE
Table 2

The residence time and oxygen concentration under different

excess air coefficients

e} v/ (mes™!) T/s %o,
0.6 0.56 2.48 1.5%
0.8 0.61 2.30 1.9%
0.9 0.63 2.21 2.2%
1.0 0.66 2.14 2.4%
1.1 0.68 2.07 2.7%
1.2 0.70 2.00 2.9%
1.4 0.75 1.88 3.3%
1.6 0.79 1.77 3.7%
1.8 0.84 1.67 4.1%
H+0,<0H+0 (16)
0+HO,<sOH+0H (17)

H+NH,<H, +NH, (18)
M O, & BB, BV A K A7 AE I
WEA KEM -OH WG M 3 H 7= 4 (Javed et al,
2007) , WL (19).
0+NH,<O0H+NH, (19)
AL AT UL, MR G O, REFR 2E - OH 3% AT 9 A=
B, AR RS BN B AT N ED 7 RS 2 WTRLE
o KT 1.2 W, SR B @, T
2. 9% , WIS I A A0 3 Bt o AR AR R 3 B 1 n o8 1
Fhiash £ 2 25 1 0L AH 23 1Y AR, X AT B2 A Ol
1 O, R, O, 38 3 Hh AR F 2B B O i+,
PRI (17) BEAT , T HI 55 78R ES It - OH
AR EVE R (B 22048, 2011).
3.4 NO,OUT Jit # 1L A2 o #4 A1 5 7
SEHT AU 5T 3 B (TF 1) FH 45, 2013 ), A B R )
Fepaid B2 77 A2 19 NO, H NO 5 97% L) |, 7E Z W%
NO, T4 T, NO, OUT JifiF 1. 20 iy 6 e 1 7 % =X
1 (10) .2 5 A% 45378 800 °C 900 <C 1000
°C T WIS %00 W3 3 (Barin and Platzki, 2003).
PR AT N (10) FEAS [R] R B A9 BE /R I
kS AH(T) .
AH, =Y vAH,(B.B) (20)
FUREE T (10) B s RSB AL H (800
°C) =-1811.02 kJ-mol ™", A H, (900 °C) = -1813.12
kJ-mol™" A H (1000 C) = —1815.46 kJ-mol™', 7]
WL, ASEREEE R ROV (10) B9 A H, /T 0, Mk
JINE, IR 27 £ BE 76 T v ik B 0T JBE A S ) T DA

F(2) E(3) R (4) HaT DL Y FETRE /N T 900
°C I, JBEAH 25 B 5 30 B 0 T3 1T 34 i, H7E 900 °C 42
AR B KA, SIEE KT 950 CJa , Bias Kb 5 IR
JE 0 T T A ARG, 26 B NO, OUT M il 1t #2 7E 900 ~
950 °C Z A AFAE— IR R W TR

£3 TREBETEHESHARNFHIE

Table 3 Thermochemical date of species at different temperatures

/%C A o
(kJ+mol™) (Jomol™-K™")
NH,/g 800 -55.37 250.52
900 -55.70 255.81
1000 -55.91 260.84
NO/g 800 90.45 250.93
900 90.47 254.01
1000 90.50 256.88
N,/g 800 0 230.47
900 0 233.45
1000 0 236.21
H,0/g 800 -248.30 235.78
900 -248.85 239.60
1000 -249.35 243.25

HRRR(10)8 A G, (T) Al A
AG (T)=AH(T) -TAS (T) (21)

RAF 3 s 7T 15, A, G, (800 C) =
-1874.73 kJ - mol™', A, G, (900 C) = - 1880. 63
kJ+mol™ A .G, (1000 °C) = —1886.64 kJ-mol ", A[H]
EET A G, (T) /T 0, Bt (10) 765 i i
JE N RE H K AT

AU EE T Ak 2 P Al A (22) AL

AG (T)

RT

B4R T A, G, 7 A (22) 13, K(800 °C) =
e K (900 C) = " K (1000 C) = &%,
K(1000 °C)= e T150H 0 fh 2 V-1 5 CER IR 5
K, W] #5528 AT LA IE 1) 2R 47, HBE 5 2 8 = 1
A,

4 #5i8( Conclusions)

1) NO,OUT Jtfir ik 7% v Jo b s in 50 i, 76 e
4 800~ 1050 °C B, Ji il 2 b 2 1 85 1) - o i 38 o
HAEAT 257 950 C A A

2) SHESINFNAE NO, OUT Mt fit§ izt 72 v RE AL ik
« OHIE PR 56 AT 1 7= A6 DT i o I T 7 I A 23
X WAL 3 A A2 1 0R e K E/IMK IR 7 NaOH >

(22)

InK =



8 1 TE 1] FH 25 ARSI NO_OUT T 252 W (I 5T 2013

Na,CO, >NaCl.NaOH # Na, CO, ¥4 it ¥ % fe {5 S 17
TR O, R R O AR Dy ) RS g, T
NaCl X4 9 ik B2 7 52 AN B db

3) G B BRI sR B AT £ 5 NO, OUT Jid i 2%
R B Ak A IR 900 ~ 950 C, R AL N
L5, AR F®ALCH 1.0~1.2.

4) @ F T NO, OUT Miififs 52 1 5 A it pR 50CFN
b2 Al B AT 2 S 25 R W NO, OUT i
AR 2F 0 471, ELAE 900~ 950 °C Z [AJAFAE—4
e RN IR

EEEEESN A E(1963—), B, T¥EE £ Hg B4
AR FENERRELERIEFTANTE, ZH LY
AR A E A A R UK (863 T EH ) A R
PLEFRRIRAL 8 T, W AR R W& Fl 20 £ R, 3 5 F it SCH
SCI #r EI ¥ % 3 30 & .
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