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Mechanism of oxidation and degradation of phenol in water by natural cryptomelane

LI Gaiyun', LU An_huai’ and Rao Zhu'
(1. Beijing Hengju Oilfield Chemical Agent Co. Ltd. Beijing 101109, China; 2. School of Earth and Space Sciences,
Peking University, Beijing 100871, China; 3. National Research Center of Geoanalysis, Beijing 100037, China)

Abstract: In order to confirm that products of phenol degradation by natural eryptomelane are innoxious, the authors conducted quali

tative analysis of organic products and determined TOC of solution, thus detecting the oxidation routes of phenol. The oxidation

mechanigsm of phenol iz inferred on the basis of some experimental phenomena. The results are as follows: first, TOC can be reduced

by 88. 7% after the oxidation of phenol wastew ater for eight hours; second, oxygen in Mn( IV) —O bond in cryptomelane changes in-

to O¢ after it donates two electrons to Mn( IV), and then O* oxidizes phenol and its resultants are adsorbed on minerals. Some impor-

tant intermediates detected in GC_MS experiments are p_benzoquinone, 2_benzofuranol and 4,4 ~_diol_1, 1 _biphenyl, and the reaction

routes of phenol oxidation are deduced by these intermediates.

Key words: natural cryptomelane; phenol wastewater; oxidation resultants; mechanism; reaction routes
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WL 2 A 1R £ ( Okamoto et al., 1985; Stone, 1987; 4 %%,
1991; Ukrainczyk et al.. 1992; T A%, 1995) . % &5 W F
FH R SRR A0 S A B A K e e 248 i, Sz 5 SRS, S S
VS E AR A R 0T S A S e R 2L R
TR A 2Rz, 2003) o R DSLAST (9 PR A P A £ ALk
5 A%, AR Ak 58 A2 A1 o i, G R BB AE 9T i A sE 3% . R
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MADZU AF (5 {0 0 4 W d TOC 43 #7 £ .FISONS MD800_
GC8000 Series “T T IE AT . 4% M) B e J5 3k W 4= ot = 5%
(2003) .

SOCA 1] e 22 0 ) i () RS W) B 2% 19 10 mge L™ '
i3 12,5 mge L™ bF R A bR HERHL S 40 mL, 43 B AS
[A111) 100 mL 03 F b, A 1 g AL BRI 5 mL = G0 ¢
PEHAH 5 min, §#E S5 min, AP 25 mL K+ D # 40 il
5 mL U e T ASHOCEHLAR U, 45 JFE AT HLAR, £E 40 C
FAF N EAREE 0.5 mL A, 0.2 g 0K 6 R B I
K, T GC_MS Wl 7= Y iy ke 43 .

2 giR5itie
2.1 SETRE XA IR I AR &9 HERR

RGBT b A 85 8 b AT 0. 46 nm K A AR SLIE
B LA AT 5 00 3 Ak iy FL AT AR e (1 L 8 N S T
BV F (i RR A5, 2001) o by HE B BB (R W B 200N, o Ak 3k
A A Ol B L RS 2 KB 2 IR BRI, RS
HEAT 20402 B, TR PE( ) G 2% P R 101 B B Oy 00 58 11 5
T 2R Al B P AN 5 S, I I 2 o O Al O Rl o R
B .

22 RESEGFLENERESMHTL

ST TOC) S LLE 7 Bt Fom A HLig e i ik, (0
8K b AT AT HUIT A 2 B G, A PP K A b A AT LY
SR — AR R b o T R AT S B 19 P 4L ek L A AL
A, O RUHDEHIC, B = AU, 2 o0 KA 540, AT BOAE
LS5 5000 5 25 Al o= 4 1 5 dak i AT HUBR ) LA ik DR AR R
0 o 4 1 A K (1 S A R, 0 T Sy LA R EE

P A 9230 0.5 g BB 160~ 200 H I ELHRE", K W) 41)
BHEHSE 100 mg/ L, pH {24 2.1, SSEE 25 °C, 435 34 E 190
v/ min, 43 I RE RO 0.2 4.8 .16 h JiT B4 M 5 R0 B AT BL B
i . SEBR A5 R 1) W] O R TOC B B A i i)
TEACEH WD . S 8 h TOC B 88.7% ., 8 h 2 Jii AL A
L T 88. 7% (1 A% 19 e Ak by AU AR T, D g A AR
11.3% [F4THLA. GC_MS £ HH Y 28 i S0 16 7™ M 5 Bk AR, 2
AHURE & AN R N ) 11, 3% . @ A7 HLRK I B 1 2
AT RV AT . RV A TOC 2 B LU R B4, nl g R
i 65 PR ALK 532 i 47 B4 406 0 S 2 i

&1 BAEMBRRR LR 8 8L
Table 1 Relationship between TOC and reaction time

t/h 0 2 4 8

Proc/ mg* L™ 72.78 54.55 29.00 8.22 4.23

TOC LBRA/ % 0 25.05  60.15  88.71 94.19
{88 4 1 BB AT IR I 670 C, fILIR e REAS IR IE 2 160 T, #
AN 150 m L/ min, HEFEERLY 250 ul. .

16

2.3 EBMEUTMETER

FIH 0.5 g 160~ 200 F &AW B 100 mge L™ 124
Pk, RS pH = 2.2, WK 25 °C, #3534 % 200 1/ min,
SR R 8 h M1 24 h, S AT AL U R AR, R
GC_MS %55 P i R 7K vb ) Sl = 4 . 24510 ) A b A 2%
L 010 2 etk M7 48 SR L 2, Ay B At 7 A v ) R 1) s
PR E S5 A 3. % 2 SR, FRE 8 h 2 5Bk AT 9. 01
mge L™ 'MW, 24 h ZJEEBHE T 0.5 mae L7 ', 15 B K
HEBCPRME . 2% 8 h 2 0, 47 2. 64 mge L™ I Sl 1, H
A b B e S A O Y b L DA S R SR S B
AR A 2 A, R A B

3 3 a) WL, FIEAT =4 (0 JSE 49 B Js2 N ) ) iE K 1 38 34
Uk BT S, D58 T AR I S e R T AR AR R 3 T e 4k
YA ICA T . 1~ 4 T L NIST il i P 1 RS
FINCAMERG 2, S~ 8 S I P A R fE 40 A U 1 v 4
S (EUR A P I 5 O 8 st I 7 0 R A Y T O PR
AR, AT 4 Fey o] A e e A R I ( AR LS, 2001) .
2.4 S|ICEBEERNIES

(1) Bl BT 1% T 4 FBL )

160~ 200 HAEHEIH™ 0.5 g B 100 mge L™ A1) 2 K
50 mL, N pH B R 2. 42, 963 190 o min, i85k 25 C,
SR8 h S, I P T R R N S pH A
SRR IE . 9N G TR 4) B W, B AT PR N HE AT, A e
BERAS, BEAT— s B A T AR BEAT MR A3 FE . RRIE 5
T AT s R P TR (K RE L B T R S R
PR (1 20 AR Js2 25 I AL A 7 g A 2 i 491

=Mn'" —0+ CgHsOH+ H* =Mn?* + CeH40,+ H,0 (1)

TARACE S RRAE N, 4 BRSO e o 2 s, T Ab
il e 2 L A U RS IV, B G
SN O R AR — R A N R A Y

F2 REHRHEBEBTYMEFRMN GCMS SHHER
Table 2  Analytical results of phenol and p_benzoquinone by GC MS

P SR 24h)

FE&( SLRY 8h)

FEA( S RY 24h)

sz 3 H ) - )
U 1 PmgeL ! e 1 51 P mg-L™" U 1 O mgeL!
EN:) 0 0. 00 82 680920 9.01 2920 492 0.32
pOE 0 0. 00 23453724 2. 64 19 687 324 2.22

(B4 E: 2O A S 5 J& W DB_L 60mX0. 32mm id, 5 0. 25 Hm; #E5EEE 60 °C, L 10 °C/ min TF 42 300 C: “{{b 5L 260 °C, A 40
HERE: A4, FEH A 35~ 500 m/ 2z, SEIRITA] 0. 50 min, HL7* i fENE 70 eV, $E 11HLE 260 °C, B HLE 210T .,
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Table 3 Qualitative analyses of oxidation products of phenol
ey REB min FFEEE A w2z RN R/ h R RV A BN
1 5.340 108 8 23453724 A At i
- 24 19 687 324 A ( p_benzoquinone)
8 2470 264
g .
2 16. 128 139 2 5258 089 21§ 35 A phenol, 2 nitro )
8 6942 477
5L IEIRI ( 2_dibe
3 28. 093 184 o4 3749 360 2 Ff Ak IR 2_dibenzofuranol)
8 3547902 4,4 TFREL L, U R
4 29. 693 186 N ; : % . i
24 0 (1, l'_|)|11ht+ny1_4,4'_|]m|)
8 328980 . . _— e —
5 29. 955 430 2 0 A A 0 A i ) PP AR 2 Ol
8 34 577 244
CEAIE T RIFNEN ( dibe , ,2.di
6 25. 805 200 2 17950 538 L2 Rl AR ( dibenzo| b, d] furan_1, 2_diol)
8 23293 352 34,8 AL L 1B TR
7 26. 880 202 i = % _'Mﬂ
24 17 398 586 (1. I’ _biphenyl 3.4, 4" _triol)
8 20, 130 200 8 19 871 552 3_;1‘ )'E-_z'fxﬁi}ﬁ)fxﬁél 3__|1y|]rnxy_l. 1" _bi( eyelohexa 2, 5_
24 0 dien_l_ylidene) _4, 4 _dion¢|

A rEE 2.

F4 REREpHE FHROTUSELAL

Table 4 Variations of pH values as well as concentrations of phenol and Mn* before and after reactions

. J2 1% i S5 9
SR A . — o e _ :

ARy mge ! pH i [Mn®" 1/ mge ™! A mge L' pH 1 [Mn®™ |/ mg*L""
W A 12 100.00 2.42 < 2.00 20. 50 3.80 50. 12
THEE 000 2.42 < 2.00 0.36 2.84 23.34

AR SN, SR Y 4 B R A R A Sl 2 R,
Sk F A AR, RS F
=Mn'" —0+ 2H* =Mn* + 0,+ H,0 (2)
AR, AL AR R, 4 R RS 2 ATk
2 PRI, T 4 U R B s T R A A
(AR 5 ——0 1t 3, S0 W S T AN A A Dk 4 T e,
FI E 2 T A L5 5 2 B U 200 4 4 T R R A T A
TR, A E R 0 5 0 B A A A S A O IR L A
FER™ ) B 10 s Sk 0 0k Ak o 3 DA A L S I AR
TS 3l e R Oy A R R TR e T SR
T L o R, AU S T B TR AT R R R
RS EAEN . ddk, (1) RIS BUT
=Mn'" —0+ 2H* =Mn* + 0+ H,0 (3)
CeHsOH+ 0 = CgH 40, (4)
PRI, 45 1 3 90 B 1 3 1 5 s PR T S, AT LA
PR ZR PR i A o TR R N A WL A A R
(45 9L . (3) F(4) 20X — BB AFR 18 bk W/ 2 5 w43 Bl
W i A 3 () 32 R 3, T 0 VA A S A R (K B2
LA, AT LA A o R o T Ak R BT AN S S
X4 U BE ) 2 2 B (0 S 50 8 AN A
(2) Rl PR B AR A P 1YY S BT B
Ty AR AR I TR 10100 A BIL = 40 S v T 49 0 A 0 24 R 2 fi

JERMY 2 BRIk AR A R BN b I T B R 1
SUIE_ AR I 4, 4 R R L, 1R I
RS 4 3Rk 2l 5 AR A

2 S AT A RS b o il e A 1 L 2 A LA S B 1)
S, AT TR R AR S R AT A T E AR RS, (R A
EY DAy 24 ) 2 A B IS PR AR GBI T T A S el . 20
K I F NG A AR A3 1 D) R A AR TR R
() 3R, A5 SCHR b A AT SRR, T v 20K Hh 1) 245 1 I Ao ™
Wy, e K R e 0 R I A A g A I T R S IS M L
4, & _TFERE L1 IR R (0 A Uf e ) AT SR R
I ( Stone, 1987), Hak — 2 S 4k 7 8 2R 1y 5 42 Bt AT 40K
(Ukrainczyk et al., 1992) , A2 B0 Y1 358 BN W 05 AR
Y Ukrainczyk (P08 2201 .

FE A=l = g i A AN (SR S Dk ] SRR, T LA BT
AR, DS [ S B T 5 s A 0 0 1R KR /N mT i S e AT
BIANESE , Bt S TN e T 42 38 3 00 % o Ok A R A 5 3 ¥ A /)
QLRSS 5 A IR N o R 2 £ LI A
( Okamoto et al., 1985; /- L5, 1991; EM%%, 1995) . %
P AT PRI AT s AU 20 W AR AN T K i 2R
¥ Ukrainezyk et al., 1992) . Stone( 1987) % & %l A6 9 %0 fk 5
Ty (4 HL R 9 Ao 8 S e 1 i) 3, AR SCAE FEAE R BBk T
I 5E G BN K EE IR0 T L, TR S



368 HoNF W% Rk hnt
Voo o RO 54 UYRRRER 0K 25 o T O A T
: JF =40 1 e, 1 0 A T A TR W

OH (T

@ @ + H*  pka=9.98 ©
2©+0 «+2H = ‘2©+1r~0 )

8]

|
2 Q 04 3 poi—ro=( Y= =0 ®

()[I

@ O ., C}Q/OH <m _-OR ©)
+ 20. + H — + H,0 (10)
& <5

t(6) ~ (9) 2\ nl &I, 4 Mﬁk&iﬁ;\u\l. At S E A
.'H'.TﬂE?.Q_[’KJJL?%iﬁJ\‘,%J’#'J'J".’-iil:ﬁ&ﬁ@% JR 2., By R A
F( 10) 20T %0, B I AT R T SRR I T B, A% A i AR
FRO0T G T VAT A S T o A AN, AT AT 3R S
PR, FTRA, SRR E A /S R FSE ORI, AT AT A R A
B 2 AR TR R A . f T WL, Sk T g ) bR
7R S IS S 2 (1 75 A S . TN A 2 S A Gy RS I R
HOOE SN RE FR R pH< 4. )R 8 S5 i 51z 90 b 22 0,
JEE R I P A A

Porse K A o ), & A BT 6 SR A
(Okamot et al. . 1985; Stone, 1987; 4735, 1991;
1992; EARH AR, 1995) , n 4] 20 Hi: W7 848 60 B0 16 i
S 5 v A B A S ) s N 1R -
CI‘" > o= )=o

(O —rtio—O—O—onr0=——o

H% mﬁl . {é};@,m:n!

I R b AT SE R SR A WD 8, DL B A R A
RAF, (AMEAT HLBK S B0 5 AL PTN, S 8 h 2 Ji5 & A WL &
PR 88. 7% , JAT 11. 3% WA LR LUAEY SR A
B EY AL . S0h, REWE WA RGEY I, FATE & 1
IR S, AT S I I 1) £ SE K i 20K 49 R B0 I A 2

Ukrainezyk

el al.,

» EREHER » CO:

> ERE(TIETK)

S T bty S b
AEAH ] /J AYA] =R 1) .
34

(1) BEARscgerh, pH= 2. 1, L% 25 C, #E3 190 o min,
160~ 200 H#" ¥ 0. 500 g £ T 50 mL 100 mg= L™ "3/ %
K, 8 h JE AT AL L B #6ik 88. 7% .

(2) ‘Rl BERAT 5 04 FOBL 0 - B BT L B R 1) 1
R % A SRR 5 R B, 4 S8 SR A WA o AR ek 2 I

AR ISR
(3) HRLAEAG 19 Bf}qt[{tj"%f’}m»‘txﬂfh:ﬂtly%ﬂﬁi"’
SR A B A e R P AN T R, g LR T I

i R A I I 28 ) 9T, A BT TR R T B T
Al A A B B A AN TR R
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