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ABSTRACT

A study on the recovery of nitric and hydrofluoric acids is carried out with pulsed column extractor in
arder to the industrial application of this process. Firstly, from the continuous experiments about the recovery
of acids using domestic stainelss steel pickling solution, it 158 found out that the free nilric and hydrofluornc
acids are only extracted by 70% TBP and the heavy metals such as Fe, Cr and Ni are nol extracted. The
effectiveness of exiraction and stripping generally improves as the pulse velocity(product of amplitude and
frequency)is increased, oplihum performance typically occuring slightly below an ampiitude-frequency product
which results in flooding the column because of excessive emulsification. When the pickling solution is treated
by 70% TBP at a phase ratio of A/O=1/2 in the extraction and by distilled water at a phase ratio of O/A=1
i the stripping, the concentration of refined acids are 102 g/l HNO; and 8.8g/1 HF, respectively and the
recovery of HNO; and HF are 90.7% and 75.2%, respectively.
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Tabke 1. Chemical composition oi waste pickling solu-
tion (wt. %)

HNQ: HF | Fe | Ni | Cr | Mn | Mo | Cu | Co
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Fig. 1. Schematic diagram of column extractor.
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Fig. 2. Effect of pulse velocity on the extraction of free
HNQs, from waste pickling solution.
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Fig. 3. Effect of pulse velocity on the extraction of free
HF from waste pickling solution.
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che] Fagalel Bolx 9l 160 cmfmine] 4% 45cm
Axz s @A vella olf AxFe] FHole] weg
tha] ol glg-& o ¢ wrh oFe olnAEAt
e AxFrl E71%el o=t 4 frlde] £3ME
xing) &34z} Fvi|Fe] Ake] FE-ga) FolxlaL ofe] upa}
HETSE 7h4stiz glov), AxFrp §iAlA ez &
= h(E Adge] AL 160 cm/min o]4AR 49 77
A2 g E5fel] 2le] L9 Ahabe]s] 2] F(Se-
paration Zone)e) VAFA T-dlx APAA} 4HT
et s7t wige] $E58% oAz HETSE
HeiAe deg Nasvl weh g das felda
o Bals gHale g &Ealr] Yi)4s Pulse Velo-
ctys 160 c/min2. 2. k= el g zlez gt
gt

L) Abule] edek

Fig. 5= Pulse Velocity 120 cm/min, &-#%F 12 ml/
mine 2 ko] 50% TBPE AAA0L 228 A+ 4
wlglale) w2 faldist geliabe 282 vERd
zZiojr), o] ZHelA B Ak By Al AJO=1/3
O3DLRAAE FE80) 1W00%9 Gtz glond )
7} A/0=172052 AAA =4 FE8L 69%= 43
Aawlm glew ole wel HETSE A/O0=1/34w <
77ke] 22FAE 2o BemAER AR g el
vlaz ezl # 3l abe)l HETS7) o4 gl "ok
T B4k Az Al ETlel] wbe) FEE )
Falo] vl glew Zh e i FEEA= A
0=1/370027)5ll A& 2 0.97%ke] &3] 9/ A/0=1/

100 |- J
8o — \O\ —

o

01 TP 50X —
Total Flow Rate 12 mil/min.
A x F = 120 em/min.

Acid Extraclion , %

Pl o < HF —
A NG

fo N R S — 1 1
0 02 03 0.4 05

Phase Batlo , /0

Fig. 5. Effect of phase ratio on the extraction of free
HNQ, and HF from waste pickling solution.
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Results
TBP HNO, HF ..
Conc. |  Effi Conc. | HETS Effi Conc, | HETS Conditions
(%) () ®/n (cm) (%) |_ g {emy .
AxF =160 cm/min
50 100 37.5 129 30 311 444 Total Flow Rate 12 mi/min
A/0=1/3
AxF=150 cm/min
70 100 56.3 10.8 100 5.84 6.7 Total Flow Rate 24 ml/min
A/O=1/2

A spal Y, A2 A4 5, 1993



6 SAvEE - FEEk - REHE

W T T T |“
80 / .
»
7 o80 -
(=]
[ A
& &
. 40 TAP 70% 8
% Total Flow Rale (2 ml/min
D/A =2
4 AxT ® min.
20 uA:l’ 120 ::l‘,j"m.
o Azt 150 cm/min
4 AxF 190 om/mn
o 1 L L 1
L} 1 P4 3 4 B ]
Time , Hrs

Fig. 8. Effect of pulse velocity on the stripping of HNO;
from TBP.

100

T — T T T T
THP 0%
8O Total Flow Rate 12 ml/mmn -
0/A = 2
»
. 80 ‘j
)
(=]
g
& 40 —rJ_A___ﬁL_FA—T
=l
4 AxYF 80 cm/min.
20 o AxF 120 em/min -
= AxF 150 om/mm
4 Ay F 190 cm/min,
0 1 1 1
0 1 2 3 4 5 -1
Time , Hrs

Fig. 9. Effect of nulse velocity on the stripping of HF
from TBP.

563g/ 2vix Bale 5847 XE5Y1 3lEe o
2 gle] 322 TBPY FEl 70%= 3t =] &z
Aelr}, oln] HETS= d4ke] 4% <F 93xd2] F24
A2 2] 108 cmAER Vel T glu Bkl 14.93-2]
F2EIE Ho 6TomBAEE ARE A Jehdw
ek

A 5l S4tal =Y
P4l JEFE7A 4 Fre &
24 9l 2ae FRFE A% AF T 2512l
2 DASAEE 24k

7P Pulse Velocitye! <k

Fig. 87 9= A4l 2 Eireo] @45 $7)HTBP 70%)
% R 12ml/mine 2 s v?]/‘M- IS
O/A=244 <AY 4% Pulse Velocityd 3lel] ulZ
AN Ak 2AEE bl el WA daky

104 T
r TBP YO%
Total F’lmr Rate 12 ml/min.
8l - 0/A = .
g an- -I
o
B ) ]
20+~ .
0 1 1 1 1
1 50 100 i 200 250

LxF, em/min

Fig. 10. Effect of pulse velocity on the HETS in the strip-
ping of HNO; and HF.

xF7} 150 on/min W 7hAl e AxFe) 27}
% | 27)ated 5AIZE At - 2l ge] 90
Ypol] glorl, AxFzl 190 con/minel| A= 21-5-0]
2A17kgte]) HEel] mddte] BAEL 60% 2HE 5
gAGAE debx) e i o)) 4 BAS HSE
itz vzl R AxFE) Solel Wt gASms) @
7go] Zrhekar gl £3] AxFr) 150 em/mined A=
Alzhe] Aasllm "hAr} RS o2 AP et
A¥F7} 190 cn/min 22 271505 2782 J0%HEE
Heds) apasin qleh OlAlR Fegell glelAls) elt
Az A Heot Balnoie 2st okuEkd) e
1} gl2w] Pulse Velocitysl 2%t 33w =24 el
i glek g etEERe Adabnl Bate] w4
HETS& =alslgoer I Asle= Fig 104 Wehidds
H AxF7} 80 cm/minel A H4nh B4be] g Ee]
ol gtAchpls #b2) 21gh 9 14 A== HETSE
Zhrt 45cm 2 7lcm® uEREZ glend AxFrl 150
cm/ming #E}A]A =W g Ee) Feisled HETSE
oF Gom B 10emAZTZ 533 golztlrl AxF 190
em/mindl A 4] 50em % 65 cmAEE AFFE] A
vjAl s & Pulse Velodtys] we} 22 Z31%e] A o)
etz girh ojabs) Al B fridtew FE9
Aata Earg Azl d5F2 22 S8 A4le
pulse Velocity(AxF) & 150 cm/mine 2 (& le] &5
Hel oz geigch

i) Aulel <%

TBP¥ % 70%E FET F714F AL ¥ B4
274 AL sha|HEl wE ol 32 Pulse Velocity 150
cm/min 23] %% 12 ml/minel] 4] Z=AlSlglen 2
AFHE Fig. 11e)) velulginh o] addefs] Bl Zale]u

I of Korean Inst. of Resources Recycling, Vol 2, No. 4, 1993



I T [
100 —
o .
|
5; aﬂl—- -
(=]
E
wm
o ool TP 0% R
2 Total Flow Rale 12ml/min.
A x F = |50 cm/min.
op 2 HNG, -
a HF
) | 1 1
0 1 2 3

Phase Ralio . 0/A

Fig, 11. Effect of phase ratio on the stripping of HNQO,
and HF from TBP.

Bal 3% A An 2 ol ge] adhs AR
vehba glck 2 k] O/A=1e]A A4S 100% 2
B2 F4L 06%dE s 2AHE 9o O/A=24He
L0079, BAE 752% ARR el 9L-g
g aluk o]el {714kl spake] AR)(Q/A)7F EA
W] pale R FEHATE 9l oa) BAge) ik
o B3] aldtdris Habs] A4t gARAs) Az

™
=k

=3 it

G N TR

A b ik webd W W B4k B
2712 f8AE TBPEZd wa} A gwzgo)
2 aabe] gA 2 Al O/A=1 WA 23 sl Frlal=
Ziel FshAe)c),

o) Ffeke] wWa

57170% TBP)2 2 25 iy Babs 2558
WA A HVE ) S 0RO 4T

Pulse Velocity 150 cm/min Zr2] 3t O/A=23 3l =
Apstgient o Asbe Fig 1200 wpepdigich 7l e
e o] 12 m/mind W) 7] 2 @A) Eo] Fr)Ehed
o 0% el 25z glovt 1 o) Yo E Fake] W
A = 2ASE A BARE faste] fake
A ml/mindl) A& DA S| B5%HER itz vk
ol @7l B8 A4 fe] 12miminAA e @
A&e) F7Rska glovt 2 ejakez feke) el
= g7l go] zhaate] fake] 24 mifminod A 40%
Amel 2T ylvk olgte] fHEkel iR e} i
o w2 A "AEe] A e 2le 94 o
B npe} o] fepe]l =R A9l Backmixing?)
3 el 2R fEFe] mlE ARl AT &

F\ake) EA|7bo] EEEalr] wiel o Algsd,

Acd Stripping | %
e
=]
T

0 1t 20 30
Tatal Flow Rale , ml/min.

Fig. 12. Effect of total flow rale on the stripping of HNO,
HF from TBP,

alu] fEbdEle] wE HETSS F4 2 24 % %
2Fo] 12mi/miny w7} @75o] 43 ekgsled b
160t 3 114%ke] EA-A45 ¥o] HETSE A4k 6.7

4L 0l emA =R kol gl
oladz) zho| A=A dA&HEgAald LT Fr|4E
Aab W Balel wbAa| wARvSs 2E9) A5 =]
772 Pulse Velocity, $45% F7148 Alw] 2w
froF Sl mief ZA 9 Pa o, dAR §7
HE AL D $AE EHD0R GAN) HAt Pue
Ise Velosity 150 em/min 232 $£$952 12 mi/min
% 8k Aol Ay o A9 324 TBPY = hE
FE 244 W B4l gAEAE PR Table
331 Zth o] Zelld Bwl 24 TRPE %7} 50% 7%
A

cm 2183

Ak = EAM S| A 1]
0/A=12 BA3d §7|405 248 9 4e 29 F
aE, #£F FApEle 7AA I%F a9 B
Zhh 875 g W 311l glATE A9 E &
Bare] = 11254 2 1167 g/l°]] ﬁbﬂ ]
o) 5 A AlB-2le wiE EA7F dleH F 4
FH537] A E O/A=2E 34 /sz]'
gL 100% 3 665%YEE HYANeR
ke AFEree AAE 100% :LELL. *&

o~
=
off
k1
e
)

Hz
A

SI I

o

S
)

o o
-l_liil i
o ffF J2 up

*‘ﬂﬁ] e
o
at}
B

ste] A4k F 2 Z
v 12 she] GAshd Akt BAbR] EFEE2
100% 2 96%e) o] 2t AAAE BRF¥Eie B3glE
Al feRidrze dE e 28R U2
=, dulE A=23 st ®esld HF d
Ahe 918 1E]la B

Adeidelged, A2 A4%, 1093



Table 3. Results for the stripping of HING; and HF from orpamc phase
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I 2 100 75 10 66.5 4.14 30.1 Total Flow Rate 12 mffmin
- 1 100 563 | 111 96 56 6.7 AxF= 150 con/min
2 90.7 102.1 6.7 | 75.2 8.78 9.1 | Total Flow Rate 12 m//min
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