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Treatment of Wastewater Contalmng Naphthalene Sulfonic Acid by PerSulfate
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Abstract Naphthaleqe sulfonic acid is w1delyﬂnsed i he .mdustry In this study, H ‘acid (1- at}pnmg naphthol 3,6- dlsulfonlc amd')
wadgeledied as the' Lhdracterlstlg pollutant, and-the* ‘dlkafh-,actlvated thermally- d(,tl\l'dtt‘d and alkali-heat-complex activated persulfate‘
(PS) degradatlpn of Hi acid was analyzeds, The effécts of othier factor% on compley’ act]fatmn were “discussed. The experimental Tesults
showed that with the addition of calcium oxide from 0 to 1250 mg+ L~

100 min of reaction. The removal rate of H aéid/in thermal activation is positively correlated with temperature. The removal rate of H

, the H acid removal rate increased from 42. 5% to 82. 8 %~after

acid &t 65"(: is 77.5 % and=the apparent ‘activation energy is 37. 85+k]J - mol © ", Although composite activation speeds up the reaction
rate, rapld degra(fatlon of 'PS at high temperatures chused the d'egradatlon of H acid to be worse than single thermal activation. The
change 1n/PS concentration did not significantly improve the removal rate of H acid, and the inorganic anion CO2~ was not conducive to
the remgval of H acid. Compound activation is not ideal for the mineralization of H acid, and the removal rate of TOC is only 16% .
GC-MS identified the degradation product of H acid as terephthalic acid, indicating that phthalic anhydride may be formed after the
naphthalene ring is opened.

Key words:H acid; persulfate; alkali activation; thermal activation; oxidation

HRMRIL G W IR T8 IR B, & —4

B EA IR I (—SO0,H) LG, J5 7 ik nT g
EA AR I E AR B XS
Wote ol b 32, JE ] T B A 3 T
FE BRI BT 15% B QoL R =Bk
45K LR BRI M A AP AR X AL A ek b B
AR BE R S ] IR 25 2 0 Bl A B 1) RS 45 4 3 B
T E P 3k R FE R AL S W RE NS MR R P R
P e n] e 3 BUE S R 2 MU

P B Ak R K 7 EAREE AR R 5L PR
R IR 3 T BURTE MR ). Z2 LB RHRE A
IR S b I A 2R 155@‘“%6&5@?9@%%
AT WS R I P SRE RS HR 1 W B 25 AR
EHHTYE%‘TEJ%%‘%EJzﬁﬁﬁﬁiﬁcﬁﬁl,‘i%%?%
RE IR FE TR | BRAR 1B AT O F HLAE R AR

L5 RO A AT ) 1 10 8 5, PR IR 956 P A AN 3 T i
W%EE& Jia S5 RIS BRI B 25 Bk P iy 2-2%
fE R , *@ﬁﬂﬁﬁ@&%lB‘JﬁﬁTﬁaK%’JTWHEE‘JF&
I}W’Eﬁﬁ £ 200 UL A U RN G TR R G 4
REFH T 2B IR Y 5 BR. O T BEIR DI, 55 2R Gk
mm%m“ Yy T B AT SOV B B, (H
BREFIAGH ) 5% P4 A FE RE R A S TR A A k75
[ R LR A Tk b SRR R 1 K PR 5 4
A I SCHRE 24 Hh 258 R I L-F A RERRUE W)
Riefe 0 i‘_Tﬂi‘%fﬂﬂj‘*&f“B’ﬂ@ﬁﬁu& A,
FHEE B )R 2R R A A M 3 e e A B Y AR

s BHA: 2020-03-12; 1&iTHHA . 2020-04-02
E£TH . EZEESH LRI E (2016 YFC0400502 ) 5 HJt ik &
ABHF LI (2232018 D3-43 ) 5 e i AL SE ARl 55 9%
LI (19D111321,19D311306,20D111318)
EERN: HHI1(1995 ~) 5B L AFg A, FEB0F 5 7 17 KI5
Yedzthl | E-mail ; 18279185306@ 163. com
# WAE/E#H , E-mail ; qychen@ dhu. edu. cn



4134 o

L 41 %

e

T FHIHE B DNA 45065 , 1061 T IR i A g
7] st 56 B BRI A 55 v LB 20 R TG 1 M 1 4%
SAFEAT I 12 | 2 R B A 37 T R 3
M, ZRBCE R, BN M. SR R
EL 2B T LR 28 MR , T EL COD 375 8145 4L
FB, AT ALY BT R I SR R AR5
SERRRER (PS, E° =2.01 V) 2 YR FREE AT A
GRS . Ya 4R 1 PS (RFSE K 22 0 1) -3 b1 KL IT
R AR B S BRER FIE R T, AT
ATTFFE R PS4 e 8 25 085 T 1 SC k. M 1% 45 3%
i, R PS 1RSI 2% HL PS RS A 5 B, 1
SR R TR 77 32 5, T EL AT UYE B 55 (9 pHL 9 Bl
DA D 5 S 0 2 T SR 08 R RS ) 7 23 1 PS 3k
4 S S B R AR Bl 3 (SO, -, E° =2.6
V), Heb K R R T 4 150 g i
BFSE W BVE 6 2F T PS ALK AR H R B8R B
U, B AT I — ) A B TR AR e
BE(-OH, E° =2.7 V) i) A ' NaOH
VAT, CaO FHAE TR AL 01 9 52 PR — 7 T Tk 6 2

SERATRIE K B R A P ) TR0 2 A 0 Bt

A, 3 7l Ca* 017 1l s
5 R 5 A A W 1, A 5 4 AL B T
. AR SCLL WAL 5 G, 0F b B 1, B

FETLE AL 2 AL PS X H R MEARALE D15 )
VI G R 2 B T RREER L

i e BSHOR P &5 2R R 1 /K 1) 5 b b PRI
=

1 #B5EFEE

1.1 S5

H 1R —4AEE , Bl 1-24 5L -8-Z8 13 , 6- i 12 HL 40
£:(=95% ) W T Shanghai yuanye Bio-Technology /v
AL FAS UL 1 B AN (= 98% ) W T
sinopharm chemical reagent 23 H]; A AL55 ( =98% )
W4 Macklin 23 &) 5 FEE ({0 3%200) 19 T Aladdin 2>
A SRR B R, SR, SRR AN A A B 4t S
5 KN 81K
1.2 SLEifE

AL N Y 7E 250 mL HEFEIR R H BREI 4
U R R 500 mg-L~", 150 mL. A% pH @i 1
mol -L™" #J H,S0, % NaOH #4735, £ A4S m A
HET S (T FH G ) B P 2R RO B, VS S5 A
FEIR T, 384 150 remin ™' 35BS [A] B IR I A
BTSN PS 347 RO, 4307E 0, 5, 10, 20,
40, 60, 80 F1 100 min B 2. 5 mL WG HEE 5 0. 1
mL R, FREARR S BT oK TRk, ek

OH NHa2

()\\S S//()
]I()/ \\() 0// \()EI

E1 HBESFEHTRE

Fig. 1 H acid molecular structure
BEVEIIATRR R Y H BRI H R BRI O ~
40 mg- L~ YE B N LM ¢ R BAF, %30 B )3 7
H:y=0.019x +0.032,R* =0. 996, VLK 2.

0.8 |
¥=0.019x + 0.032
R*=10.996
0.6
= 0.4

I 1 1 1 I
0 10 20 30 40

) HIEG e g /mg-L7!
B2 H ER7E 358 nm b IR it AR B 2%

Fig. 2 Standard curve of absorption spectrum of H acid at 358 nm

TE BRI Z& v 3 0l 25 48 T S AR A o Uk B
(500, 750, 1000 111250 mg-L~") i (35, 45,
55 Ff165°C) ,PS ¥ (3, 6., 9 Ml 12 mmol-L™") ,JC
MLFHE 7 (Cl, SO~ Ml €O ), CaCl, Jifi & ¥ J&
(1000, 1500, 2000F12500 mg-L~") LL K VA& W ¥)
A pH(3.5. 7.9 F111) X H BRI, & H
PRI W e SEBR IR K FR ) TOC IS BE S 7 3 98 I AR
VORI VAL 1k Oy #6471 8 12 kg, i =
(1) X% H R R T h— A

In(cy/c,) = k.t (1)
K, e, 5 e, 702 H BRTEVS W T W) 46 T 5 ik i
B v BF 20 0 85 BA SRV BE (mg - L") 5 ke B — 2R
F VR EEL (min ™) 5 ¢ SOV AT E] (min) .

TERIEALIR 2 A 8 3T Arthenius 7 BEAF5E 3T
T H BRI RE, W (2) .

E=A exp(%) (2)
AP A NIRRT T (min ") L E, RN A WLIE Ak

e (kl'mol™' ), R A R 1K % % [ 8.314
Jo(mol-K) '], T NAXHEJE (K).



9 4 T 1AF 1A IR ER A

A A P F ZETH R I 7K 4135

1.3 Ak

VTR B HOER AR B v R 20 S OR 4y
FEIERETHH I AE , A M K A 358 nm!™ . BB muli
N/C 3100 TOC {3 7 S W 1 5% A 1) TOC T it vk
. GC-MS( Agilent 7890A-5975C , USA ) % H BR i %
fifge v B) 7= By AT 3 A 4 0E , BC E HP-5MS ( Agilent
190915-433, 30 m x0. 25 mm x 0. 25 wm) @i i
R BE O 250°C, A RECA, WE A 1,00
mLmin =" AW 4G IR BN 80°C , AR FF 4 min, DL 2
T HZE 200°C ,{%%‘: 20 min, L5 C emin !
Jt% 280°C , 1#4F 6 min.

2 HFREITE

2.1 BdiEtk
e H BRI E =500 mg-1L.~',T=25°C, PS =
6 mmol-L ™' &M, HET CaO HANEXT H FR R
fRsZm. WA 3 (a) B, 25 AT H R KBRRIL
4 42.5%, bi % CaO ?& M 500 841 2 1250
mg- LA, H BRFEM R 69. 4% 1R T+ 2/82. 8%,
S LI W pH 4T 12 254, W 3(b) i I
%B%K&}H AT pH AT _,x'
dita Cal) ﬂﬁ/ﬁﬁ’i J2 VAR R R m@& j@é‘i
WAL PS TEPRNE 208 F A A Ny SO %uso- ﬂ%
%E’J SOZ7 zéﬁﬁfﬁéﬂﬁ HO, 45 PS f@r”ﬁa%{mwiﬂ
u&o2 , AT, 38

°C *min

—=— OmgL”!
—e— 500 mg-L™!
—a— 750 mg-L™!
—»— 1000 mg-L™"
—e— 1250 mg-L™!

eley

0 20 40 60 80 100
t/min

AARPETE SR -0H, W (3) ~ (6),
Yy g 1020

OH~
S,00” + H,0 — 802" + 802" +2H'  (3)

AL TS

SO + H,0 —>S0> + HO; + H'  (4)
S,0;” + HO; —S0;™ + 0;++ SO;-+ H* (5)
SO;-+ OH™ — S0* +-0H (6)
e H BR R 72, CaO BEREVE Y SV K pH
MBEFEA R ER UITE , YT RESE R H R 1) A A, R Ik
WIS T HI4G pH LA K Ca®* XFFEfi sz m, | 4 5w
ke pHF R T 3 i & R R HR 1 I S A
il , 72 pH kg 7 B R B AR, (AL B 5 VA pHL fE
gresn, sOm R HE T H R Y . X T RE R Al
pH PR AR B2 0 T Fh 3 1 2 R e R
Liang % YR SEUE W, 24 pH <7 B, SO7~ /5 &
403, 7 B+ OHLBE] L 388 K T B0, 24pH05 12
F, - OH i 3= ok iR T PS FERRA HLT L) 5
W pH 2 1] {9 f A , WL RE T T A e Eﬂ&ﬁﬁt 5
pH Z[R] YB3 ﬁﬁ&%%ﬂﬁﬁa%@‘fﬁﬁww H vgﬁ
T WX — /r‘EFFJ*EZﬁr”/wPJJﬂ/\ e Y
CaCl, 3Ri¥ Caz*ﬂHg&Bﬁaﬁkﬁﬁ’iﬁfﬂﬁ R #FiLH
ik o i v T R 500/ mge L7 MR 25°C, PS m@
J9 6 mmol-L7', CaCl, Jﬁimgﬁmoo ~2§oo
mg-L~", {HTE (5) E@éﬁ%iy‘éfﬂ%%@%ﬁiﬁ?ﬁﬂﬁ% M)

R TR 7 R

14

(b) /_./""_.

12

10

S F

6 F

SR A A EpH

4 F

2k

1 L 1 I L L 1

0 200 400 600 800 1000 1200 1400
('El()}ﬂi‘ﬁtﬂ(}f{:‘mg-l."

B3 CaO RMEX H BRFERE KB K pH #IH
Fig. 3  Effect of CaO dosage on H acid degradation and pH of solution
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