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Abstract: A large amount of various industrial waste acids are generated in the process of manufacturing production,
among which waste pickling liquid is one of important industrial waste acid. It mainly originates from the pickling process
of circuit board etching, pipe pickling, metal surface treatment and so on. The low-concentration waste acid containing a
small amount of iron salt can be recycled for the dual purposes of environment protection and resource conservation. In
this paper, aiming at resourceful utilization of low-concentration waste hydrochloric acid, the experimental platform of
distillation column was built, and the batch distillation operation experiment of low concentration waste hydrochloric acid
was carried out with steam as heating source. In the experiment, the relative volatility and vapor-liquid equilibrium data of
HCI-H,0 system were measured. The distribution of temperature and concentration fields of the bottom and top at different
time and the influence of operating parameters such as different initial solution concentration and reflux ratio on the batch
distillation process were studied. Then, the exergy analysis of the whole system and the main reasons of energy loss were
further analyzed. The results showed that when the experiment reached steady operation state, with the extension of heating
time, the acid concentration rose slowly and approached to a certain value in the bottom, the measured fraction was 18.2%,
and the pH value of the distillate at the top of the tower maintained at about 5.5, which verifies the feasibility of
concentrating low-concentration dilute hydrochloric acid in the distillation tower. And the exergy efficiency of the system
was 43.94%, further energy optimization and system improvement were needed to improve the exergy efficiency.

Key words: industrial waste acid; distillation tower; temperature and concentration fields; exergy analysis

* Wi EEA: 2020-03-17 1EITHEA: 2020-05-07
T BEIEH: KH#%, E-mail: zhangjj@ms.giec.ac.cn



326

it EOREC

S W

=

0 5l

LR — R AL T B RIER PR, AT
LA il LA P AA HLAL A P K
BT AC BN IR R TLE , AT TR R et
MM IR T 200, SRR AIZE SR
AERIEL AR O, LAk Bk R m e b2 0 B 1.
BEE FATE T 2000 T, ERFRIMIR B SOk AE, 24
RE|—EIRE, AT ARERERTECE, FEEHR
FREE TR . I, SRRV R S HE RO 2 AR
VR B SRR o PR 3 R AR R HLAT DB ol |
BEPERITG YL, A2l it — 20 25 B A BB A [l i
PRI, R S IR 5

AT, FE IR s AR T T K
IR UL IR TR B A § OBk . BB
B, R AR . DU . BRI %
IRES i . BT RS L WA RIAE R | AR TR
25 DL S A AR BT AT kT, R R A
TR BV RCRAAA ] o X/, &5
A PRI R R, 2O IR TR R, (RS,
FETEGEIRIR 2% DL RO AR — 05 Y i o PRI,
WO B [ S P a2 kR

B AT e B 1 AR R () RS T 2 TR,
PSP R G A B T 254 FUAR AT L AR HORS 1
DRAE ORGSR . WaDRE T, SCOG RV E , AT
REVEF= T2, R A b i Ik,
WAGOLT , FhIRE IR R ST R s 3k, e
Y HCL B0 20.2%, ERHZ ok R 1Y
ek e 108.6°CH ) [RIM, ICHe B 1 R R MR A T 7T
VA3 o A 1 1 =45 B2 HCL-Ho0 2Lk 2
VEEE[ERR . Bk EFSEI HC-H,0-MgCl 1A 25k
PR T T SCIRANSY, BT ORIR] MgCl, BT
X HCI-H,O 14 28 S 0T 1) 52 i LA Bk 36 TR ik ik
JE (52 5 [l SREIAE 8¢ T R A AR (MgCly .
CaCl,. NaCl. KCI) %} HCI-H,O & ZAH*H%E & FE Y
SN, TEARRIERMR B RS 0ET, ERAR0N R T K/
i MgCl>CaCl,>NaCI>KCl, XIS %% 1 48 hndh
il S5 TS B i BRI AT T 52T, BT AN
IRV . kb . RGRI R DA S S2 1R
FESHOT R FE | B A M WO B I HCL [=]
W B . SR BRSO T s 2 M- R
REEFIGI A T2, HTERmM v HA R M

BRERMZE G R, %5 T AREE: (KCl. NaCl,
MgCl,, CaCl,. FeCly, FeCly ) XFEhmRZE4 A5 L
e FEARARAE S A T 78 R 1 YA ) 8 SR AR TR 71 1) 5%
Wi 54T T S0 T i A i — AR — RS 4
B LT T, BT AR S e
P fRWOR . WSR3 X A e R 1 5

AR SCEF XA FE AR R Y DA R IRl (i
B NRS RIS L6, AF5E T OR[EII ] R I 42
P& TOORE AR FE S o A 00, LA SO TRl 46
VA VB0V FEE R [Pt LU AR 2 800 12 ) BJORS FR 2o R )
o, JfE— P XN R G AT A RRE S AT A AT X
REGRE BRI FERH . AR TERE AR
BUAAIG . BORTET L BRI [P1 SO 1o A TR T I T o
FRAL LA, Ry /N Al R e 2 VR 1) Ak PR AR —
FEISE AT AT AR T2, BRAAR DG A R TR R )
A ARAR

1 SRR E

RARFEEE T Z5E

R AL TA " h BB R SCHEER T, Rl AR
BT B TROEE E T B [ BORT R BOR Y SEAR 5
HURRRATR S YR - I AR 1 B 1 26 22
TE—E BP0, A BIRG IR EE B =R AR 1]
LRI 1) 22 9 42 fih ) K 22 0P B iR A — 14 BRI AH AZ
YRR, SETR B P& TR i 5y 3% K 40y
T A S T PR OB K 4L or A
R WK 5 21 70 45 B B9 28 S PR SR BB 58 42 01
B AR B R A FROTERAE, LA TR
R BE IR R 1 T LA SE D RS TR R AT BB i vk BE A 7
R (18%7t7 ), H5HkEM (35% ) IREIREH]
TR RUERE R, Mk B SR T H A, 5
BRI B WA R LA R B R Gk
PR RO ISR LR IR (SRR T ) 1R
JEURE, 88 S R T 4 PR R R TBOR BB TR L
REEPRAE T LR IRS I BE MR . i, A
SCE B TWTFTER IR AR o B e e A R A B T
B R , AERG RS R 2R T S R 1%
AL TR , 0 2 45 K 20 03 AW AR TE SR vh e
¥, MR AW RO RS, LA
TR B Z UGHR IR AER I BERIRCR ,
LR R AR B i e

1.1



55 4 1]

Wi/ INoii A5 - FRUE IR R IB] BRAORS (i AR IR P RE MY 327

ARG 3 P Eh R 0] BORS 18 T 2 A &l 1 R,
T LR A B i A SRS I B B | Bk
FLAHE . fEKRE . 229 AIE 2R (T
), LR AR SR g ORI R R
fii i ok R — U PR 6 B BIEHR, /K EE
ORI A 1 gz A, 2Rk
A 0.5 Mpa FZKZESGEA R 3 (3 REBL4NE )
AFPERICH (BNERSAELEIGE, S5BEn
IR ), NIE SRR Iri A, g
Ja PR AR RKGE ST R 4 HEH; YRS RR
JEIRBIZR LR NEE, WRIES I G LIS
BT B EARIRZE 5 4 BORHZ AT R AR A
B, BRI NIBTEE R BEdr . 1212
HUKVER T 2 AR BEERT, Il s e 2 i v B
Ao T, S SRR N IR PR Y
fEIMAAL A A, DT 8 81 3 4 U Ik 38 4 R R
o ZARRRE & AE Z AR RS BEVE T, L
KAERRE SRS R FEIRERT , S TR
AR ISR I H Y o ASSCT 2R 1 ] LASE
PR TR AR, WA R BRAR A A B 9% AR
W 5 R AR 28 A BR A R DA B T & 32
T, SRAZELWAR T2 R RRK AT TR, Kb iR
We4iE) 15% ~ 18%, M —RE A B TIR&HK
TAL) 85 Fi o0, BB BANE S . SRAA ORI IE
WA ERIR , 35 2 5% A ML AR [ 1 15 R A BRARAR
B AN 15 ~20 J770, RARHBEEAR T Al i e
BUAR

R
R
i
R B g
R
skl %K
\
i o
”gﬂL—EL\‘ e mOEE
R I L3/ 2 X% K :
A 2 EANE 1
~ il

P R BE IR R RRIAI BOR 1 T 2 e 14
Fig. 1 Process flowchart of batch distillation of low-concentration
waste hydrochloric acid
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Table 1 Technical parameters of low concentration waste
hydrochloric acid distillation
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Table 2 Measured value of relative volatility for the HCI-H,O
system
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Fig. 3 Vapor-liquid phase equilibrium diagram of hydrochloric
acid and water system
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Table 4 The exergy analysis of distillation column
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