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This article describes modified AQUATECH System (AT System) which is applied to recover
nitric acid and hydrofluoric acid from waste acids from stainless steel pickling process.
Generally in Japan, F-/NO3;- molar ratio and nitric acid concentration of stainless steel
pickling wastes are rather small and high respectively, and then cell efficiency is pretty low
and hardly economical in AT System alone. In order to settle the situation, something
like a pretreatment to reduce free nitric acid of raw wastes should be supplemented to AT
System.

Basic experiments and pilot tests using labo cell stack of Allied Signal Corp have been
carried out to improve and confirm performance and feasibility of the system.

As a result, a feasible process which makes AT System more effective: (ED+AT Combined

process) has been developed successfully.
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TEIB 5 A VITEMEEA, A~ —T 1 Table 1 Test result of pretest

No. |  Item Run No.—->! 8 9 | 10 1
T T T T 1 | Ampere A 8 8 12 12
1 = 2 | Voltage VvV |22 23~25 | 28 27~29
s -2 3 | Total ampere volume AH 160 160 240 240
~ i ’g 4 | Electro conductivity of salt line ms/cm | 50 30 50 50
& S 5 | Waste acid concentration(HNOs-HF) % | 10-5 | 10-5 | 10-5 | 14-3.6
j§ i 6 | F/NO3; molar ratio 1.57 1.57 1.57 0.787
° 7 ! Cell efficiency % |68.3 |66.7 |69.1 |633
3 1 g 8 |Recovery base volume Mol | 32.6 3L9 49.5 46. 8
8 9 | Concentration of recovery base WN 1.457 | 1.457 | 1.489 | 1.442
. 10 | Weight of total recovery base kg | 21.16 [ 21.14 |32.15 | 31.46
05 Lo 152025 30 11 | Cell efficiency % |55.2 |59.4 |68.9 |48.5
F/NO; Molar ratio "g 12 | Recovery acid volume Mol | 26.7 28.7 49. 4 32.9
< 13 | Weight of total recovery acid kg {1 13.05 |12.90 |20.30 | 18.55
BIE FEBHRO F-/NOs™ &/ s K . .
o - 14 | Concentration of recovery acid WN | 1.975 | 2.221} 2.427 | 1.871
OIEET { Y ORSIZEEETE 221 2,427 L.871
FREIR DR = 15 Acid concentration WN | 0.1148 0.0804] 0.0358 0.2473
Fig. 3 Correlation of cell efficiency and % 16 | Leaked acid Mol | 4.13 2.82 0.484 | 10.8 0

F-/NO;s™ molar ratio (WN : Weight Normarity)

B2 R ATV A7 NBHULEEAERER
Table 2 Test result by AT system alone

No. | { Ttem R No—~ 23 | 24 | 26 | 25 | 21 | 22 | 28 | 27 | 29
1 | Molar ratio of feed solution 0.60 & 0.69 | 1.05 | 105 | 1.5 | 155 | 20 | 20 | 25
2 2 | Electroconductivity of salt line ms/cm | 30 50 | 30 50 30 50 30 50 30
-8 3 | Ampere A 9.29 9.29 | 9.29 9.29 9.29 9.29 9.29 9.29 9.29
‘é 4 | Total ampere hour AH 200 200 200 193 200 200 200 200 200
(3 5 | Voltage VvV |237 21.6 23.8 22.2 23.8 22.6 24.0 22.9 24. 4
6 | Waste acid concentration (HNOs-HF) % 15.1-3. 3|15. 1-3. 3!12. 6-4. 2/12.6-4. 2| 9.6-4.7) 9.6-4.7| 8.3-5.3| 8.3-5.3 7.6-6.0
— Cell efficiency % | 43.95 | 41.03 | 47.28 | 42.78 | 70.83 | 71.89 |70.08 |65.71 | 71.06
3 8 | Recovery acid concentration WN | 2.026| 1.849 | 2.147! 1.98 | 2.029 | 2.109 | 2.771 | 2.724 | 2.753
9 | Recovery acid weight kg | 12.95 13. 25 13.15 12.41 20. 84 20. 35 15.10 14. 40 15. 41
° 10 | Cell efficiency % | 61.91 56.26 | 64.93 | 63.11 62. 39 77.99 | 70.51 67.87 | 69.36
Eg 11 | Recovery base concentration WN | 1.737 | 1.707| 1.806 | 1.818 | 2.008 | 1.797 | 1.749 | 1.773 ; 1.782
12 | Recovery base weight kg | 21.28 | 19.68 | 21.46 |20.00 | 18.55 | 25.91 |[24.07 |22.86 |23.24
.?.*: 13 | Leaked acid Mol 6. 26 9.29 6. 82 11.53 |Basic(. 42| 1.09 0.18 1. 45 0.25
2 14 | Acid concentration in the salt line WN 0.585 | 0.714 0.0976/ 0.227 | 0.0179
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Table 3 Test result of recovery acid concentration and cell efficiency o 100 I ‘ ‘ p
No. { Ttem Run No—| 31 32 33 36 T s ]
P
1 | Ampere Al 929 9.29 9.29 9.29 £ 60
a 2 Voltage AY4 22.8 23.3 23.7 23.5 é 40k
-2 38 | Total ampere hour AH | 200 200 200 220 >
B 4 |Waste acid concentration (HINOs-HF) 9% | 8.32-5.28| 8.32-5.28 8.32-5.28 0-8.38 & 20
8 5 | Molar ratio of feed solution 2 2 2 KF only 5 ; 5 L y
6 | Electroconductiviti of salt line ms/cm 50 50 50 50 . ) - q °
- Recovery aci
o 7 | Cell efficiency % 43.87 65. 08 72.01 64.19 concentration (WN)
;Eé 8 ! Recovery acid concentration WN 3.108 2.684 2.118 4. 479
9 | Recovery acid weight kg 8.65 15.17 21.20 9.44 4R ARREBELERZIEOH
- R
10 | Cell efficiency % 69. 19 71.50 71.60 67. 96 . . .
,;% 11 | Recovery base concentration WN| 1e9| 1733 1773| 1eor Ti&4 Sz;iela;(;"r:;iil e:iid
12 | Recovery base weight kg 24. 40 24.63 24. 11 26. 30 Y anc Y
JEUE I I | — S R S concentration
+ 13 | Leaked acid Mol 10. 61 1.65 [Base 0.72 0.00
%5 14 | Acid concentration in the salt line WN 0.709 0. 269 [Basic0. 036 0.030
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MF; +3 NaOH—-»M(OH)3 +3 NaF V—THEBYETDH FTE Lk, (MHIZ10~11)
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» : o g N
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57N, 2L 2N, 13 22
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Bkt
$£5 % ED+ATUMY 27 MLUEABER—ER
_— S F AT T;ble 5 Test result by ED+AT combined process
. t- ‘
m‘mh et lem Test 105 Test 11
— # R, T(?t?l amp(?re hour AH 265 305
Initial D line solution kg 30 30
Bkl ! Product D line solution kg - 22.65 ! 20. 01
‘ - ¢ Initial C line solution kg 13.00 14. 80
2. 3 EERIE E " Product C line solution kg 21.07 25.21
2o g o — < : Concentration of initial C linl solution WN 4.01
%6 I ERERD 7 7~ v — P AR : e
+ 5 | Acid concentration WN 4. 88 4. 67
° o i Conpornent of product C line solution Fe g/¢ 2.32 4.12
1) FREHHAE DG S Ni ’ ‘
g/e 2.75 1.05
BAMHE A E DR, M OES B T-Cr g/e 200 | 124
S L B0 H B@MEo i, B Moved mol . Mol 64.6 80.1
17 = M A AT R VR B . F/NOs” molar ratio — . B 704
JEER Lich DTh Do LMKy 2 ‘ 2 Total ampere hour AH 327
e e Amp 9%
N 2 :
10D OESIL-b DT, 1#24) U% ' Temperature C 32
O BRIBEEED 2 dm?2 T 2460 EF%) 2 Molar ratio — 4.28
. [ - " T T T T - - —
[EERE2 20 dm2 oL D TH S, % - Recovery acid concentration WN 4.09 ‘
2) thFn & g Recovery acid weight kg 14. 91 ‘
RN E D SEIE 10 CRAE X FL 7 FeiR : ; Cell efficiency % 62.6 .
10~30 kg %, <y 73 T hfi% 7o 5 | Recovery base concentration WN L7 |
Jeo 7 B U 1A T AEE G gy L 7= KOH - 8 Recover)./ ‘base weight kg 41.05 !
e - ! Cell efficiency % 71. 8
Ww S LT 7 AR ) TR ORS w | e T
i, — IR B pH SERE = — & Leaked acid and base Mol ‘ acid 5.09 1
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INFFEBFRITESE XN b DR /35 % IXERRIC 3~7
%, 16~34 %, 9~13 % & 7c b, NiZBEMERWAERE
FHITFEHICE N,

ENERus g1 Test 10, Test 11w \~T5.835 N, 6.03
NEAOVHREINDIBE L5 TWDHN, FRITEEKTE
B A b0 K oBIARTEI L CEEERNE
BNAZELRBDThHbD, KERTHERBLALIFRARAE
v 71310V TH B -2 REE AT 2 EHER GERE
LRRESR) DM A HRIIAEL, B TA K 13
DEEPK X NN, FERE T2 VEH100~200+1 v & 72

ENCRE
EE b | tet10 ] Testll
(2/© F- 4.14 | 45.43
Table 6 NOs~ 244. 8 287. 2
Recovery acid Fe3+ 2.32 4.12
composition Ni2+ 2.75 . 1. 05
Crs+ 2.00 | 1.24
K- 27. 31 26.01
Free acid 5.35N | 6. 03N

NEZOFEIWNI L RYFIIEOEBRERNERIND Z

Elin b,

UL LBEBE TAZXAMER 1 OBEINTWb, ik
BBERAEDERDOKEOFMTH Do AEBMHHINT
WABIIBIRBERINIETH ) FOEES I\, EFM
ORECELCEA ~2 4 #i%HF TH Y, bhbh 0K
BREBTUTCEE T R P TR TH D, HEDE ZAK
8 BMD 7 X F TIREBEIZARWE W IFREREIESLNT
WBHNR, SHOMEET R P OIFHEEECIIFE L Wb DTS
bo —HbhbhdEEMGCEZELY 5 2 I WREEERS
A& BREREPUE O LA & FRA O T rb bIHERE,
EHERIB~OBEEBA A Y D) — 7 8% L OBE CTHRAH
RO HDBENRD D, 2% ) EDERERCKSNT, Zh
B DRF- AR 72 5 EHER DO RS AR IBE 3 5 0%
E2b b,

Bl b, SSROBERBLEICATY 27 22 EBETHIC
24y ED+AT Combined 7w & X DWTHE L Ih
WHRELTELDDERDERD TH S,

1) FEEfRH @ F-/NOsg~ VAR WRIC A T BUHILE
X, BRMERR L OEINBEEE S, BEM, EAM%
" R<o

2) ATBMHABI S 5 CEEINLREABERAHEDT
EE L CENBEEAYED LI bELBRAEA, ED
DERNBNMEL KOBHENRL 2 B EZERT S

ZEMTEIN,

3) ED+AT% Combine L7z7 v+ X%, ATHNHE
Wrho F-/NO3~ =/rba B CERSEX MW EZY,
FRATABCHTHEMERTHIELNTELHDT,
B CREHNMAE 7 v+ X Th b,

4) ED+AT Combined 7" v+ X DIREHI/RIK/NT ¥ R
iiﬁﬂ%ﬁtﬁb‘o

5) ED+AT Combined 7w+t xD%EM(it, EDED
#4r, ED ORBEBRFCHETREIERINTUIND
L DDESEDBEX DRI THFDOERIDORE A ERE

TEDHHDTH Do
C 9 U
DX D BN MEAER & > Bipolar BAFIH L 2

SBEERTE, SROBRBERER OME DL BT, BRIETOE

FEHRHCERLUICERTESTH D OMER Y — X RBWEA~D

WA, 5 WELEERTELDDOHE7 v B~OBEAB R &

BRERELTHEETH Do X BIOERINICIZ /A A 08

TOHMAMER ORI & AN A FEREMN T X 5 EME

BAEERE LTHRETZLLDTH o

14 M7 7Y F T —E#H
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