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Synthesis of novel cyclohexene carboxylic acid and
its flotation performance for fluorite ore
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Abstract: A novel fatty acid 2—hydroxy—6—propyl—l, 3, 5—triethyl-3—cyclohexene—formic acid (HPTECHFA) was
synthesized. 2—hydroxy—6—propyl—1, 3, 5—triethyl-3—cyclohexene carboxaldehyde intermediate was synthesized from
n-butyraldehyde catalyzed by sodium hydroxide and phase-transfer catalyst tetrabutylammonium chloride. This
intermediate was oxidized selectively into HPTECHFA by sodium chlorite. The flotation potential of HPTECHFA was
assessed on fluorite mineral. The flotation results of pure minerals indicate that the recovery rate of fluorite reaches
90.60% under the flotation condition of pH 10 and HPTECHFA concentration of 100 mg/L. The results of bench-scale
flotation tests of fluorite ore from Kengkou show that HPTECHFA achieves an excellent concentrate containing 82.71%
CaF, with 97.98% CaF, recovery rate, the CaF, grade and recovery rate increase by 2.23% and 1.86%, respectively
compared to those of oleic acid at 30 ‘C. At 10 ‘C, HPTECHFA achieves 89.88% CaF, recovery rate, and the recovery
rate increases by 16.09% compared to that of oleic acid. The results of bench-scale flotation tests show that HPTECHFA
is especially suitable for flotation of fluorite ore at low temperature. The results of IR spectra and Zeta potential
demonstrate that HPTECHFA may be chemically adsorbed on fluorite surface.
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A TR LR RIS FH 3l A AR R 2T S
MRREE BT TFB, WIEPERT HPTECHFA A7 (14
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CaO. ALO;. K,0O Al Fe,05 %%, Yot Wbir. X 54k
TS AR LB AT R, b B Yk A
A, HWRAKA Babth T, measE,
AN A > B AR R (Y Bk

1.3 SKIGiHiE
1.3.1 1,3, 5~ =K 6-IFNEE2- R H-3- O H
e (1) o1
1,3,5- = L HE-6-1E N -2 F2 3-8 O H i
A s N 3 = (D) T



24 1L

VRIREWE, 55 —PioRT BUER CUBRIR I A S FON A (R 1 e 2937

CZHS
NaOH/(n-Bu),NCI CH,
al n-bu
4 \/\CHO NI P T CH, CH, + 2H,0
’ CHO
OH (1

A 100 mL = 1B 43 7 A\ NaOH(2.40 g,
0.06 mol)~ (n-Bu);NCI(5.00 g, 0.018 mol)F! H,O(15.00 g,
0.83 mol), HEFEHME. 60 C MK IE T (14.42 g, 0.20
mol)ZZ &N N2 IR = 1Vgeli T, W a2y 0.5 h,
WINTERUS, TR 2.0 he fE21ERN, AHIA %,
YRR S, AR E F KR RN
T o Yol %08, e 60~61 °C(1.86 kPa)ifi4) 4.39 g,
N 2-LH 2-CUflE, FeEh 34.8%; WA 114~115 C
(16 Pa)ifds)r 7.06 g, RIA4E5 1) 1, 3, 5-= 4 Hk-6-1F
NHE-2-FRBE-3- A U I RE, 7730 56.0%
1.3.2 HPTECHFA {5 %

HPTECHFA )45 B W 2an 20 (2) s :

C,H; C,H;
CH, NaCIO/H,0, CH,
sy AV Y
C,H, C,H, Acetone C,H, C,H
CHO COOH
OH OH 2)

£ 100 mL = HEIRTRKIA 1, 3, 5-=&%&
—6— 1 N 22— 78 55 -3 30 O 4 HH 1 (12.60 g, 0.05
mol). A (40 mL)F1 HyPO4-NaH,PO, Z2 V(3 mL),
Rk i 2 2~5 C, $HiFE N IA H0, (30%, 5.51
mL, 0.054 mol). Y31 NaClO, (80%, 6.26 g, 0.054 mol)
BT 25 mL 20K, BikE Mg Bk =0,
ISR 1 he WNZERUE, 20 CR AR 3 he &
MNSEE, N 10%[) NaHSO; ¥ Z e H— ik a1
AW R 1k, WORBRZAE, 8, MEET 5%
(1) NaOH %590, /M LAY, 7KAHH 10%HCI 1%
5 pH o 2 ity AT RBPIR R 1113 g,
FH™ i AL R Ty 83.1%. L7 S &AL EMT4lidk Ja (E
Jid 70 A ST - O, AR AR LG 10:1) 15 B (R R A
HPTECHFA, #tlfl rift—8 CLLR.
1.3.3  HPTECHFA X5 f1 261 P47 JEIK) 7 1k

SR FH RS A 40 mL (1) XFG Rl 7 e ML,
Yol E N 1650 r/min. FFRFREN 2 g B REEI AR
RS, N 30mL 2K EHEHE 1 min, IO CLF
WFEM) HPTECHFA ¥, #iiH: 2 min, A5 HESMN
BTSRRI 9 pH,  FHHE 2 min,
16 5 mino V1% 56 RS K FT LA™ S ONTRE RS > i 7y
A IE. M RER T ERE MR . Al YRk
SRR WK 1(a).
1.3.4 HPTECHFA X SERRE A1 PHFIE

SEBRI AR R I R, BRKHURE 300 g, 7
XMQ—d 240 mm X 90 mm FVHEFEER BEHL 3047 R,
BEW T HIREER 60%. FFIEMENL T, FHIERMH 1 L

XFD-63 RURAEFEIENL, IR WE 10)0r,
AT — U . 257001 N B0 40 kAR /N T
0.074 mm [ 15 65%, BRG] A 1400 g/t(pH A
8.5), HMHIFIKBIEHE N 400 g/it, FUCHIHEN
500 g/t.

@ _Feed

1 min XX Mixing
2 min X Collectors

2 min X pH regulators

5 min

Concentrate Tailings

(b) Feed

<74 um, 65%
3 min X Sodium carbonate, 1400 g/t
Water glass, 400 g/t

Collectors, 500 g/t

3 min

3 min

5 min

Rougher concentrates Tailings

1 20 YRSy A iR R
Fig. 1 Flowsheets of flotation experiments of pure mineral

and actual ores: (a) Pure minerals; (b) Actual ores

1.3.5 Zeta HLAZIIR

KH ZetaPALS ! Zeta HUAT AT 20 )2 1Hi
Zeta WA, SEEEFRWNR: AN FE S AE 3G
PR BB AR/ T 5 um, O 1 g/L (R, A
R 40 mL il 4% HC5 Al )37 1 S0 AH 9] T i
HKAAF 257 HPTECHFA, i3t 3 min J5, ¥ 30
min, B ZERETFBEEAFE I, 7E ZetaPALS ! Zeta
I _EFEATH IR I Zeta HUALIIEE . FEANEE Sl
5, WCEFME.

2 HR5UHE

2.1 ERRERSHT
2.1.1 1,3, 5-=4H-6-1IE NI 22 -3 O
PEE (1) 5 AL 3
2R A 1, 3, 5= L HE-6-IF N2 -3—
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OH
_~_CHO + _~_-CHO NaOH CHO
ol l—HZO
/CI—I\H
gH C-GH, NaOH/(n-Bu),NCI . CHO
CHs=C  ¢=CHs
CHO CHO
C,H; C,H;s
C;H, H* GH,
C,H, C,H; C,H, C,H;
CHO CHO
(o} OH

2 1,3, 5= L6 IENHE2-FRAE 30 U R 1Y 1 B L2
Fig. 2 Synthetic mechanism of 2—hydroxy—6—propyl—1, 3, 5—triethyl-3—cyclohexene—carboxaldehyde

IO R A5 L (ERRI ML T, IE T R 4
KA H B GiA RN A  2- -3 O, 2-2 3k
=33 O ROKAE R 2—- 22— UG, 2—- 232
U I A S AR BRI A e A AR DY T S B ) 4
W, KA SR EE SN AN 3 N IR R A 5
MR 1, 3, 5- = 4H—6-IE N2 A3- b
H .
2.1.2 HPTECHFA & &' HyO, BI/EH 23 #
SR BN E R I P05 h A SR T A A S 1
R CEIR, IR ) AR LY S8R B 5,
B 5 B R AR AR N B B R AN, [ B U SR
5 SRR 2 25 5 1 e W oy o K 1) — A A A
KNG, Eb 1, 3, 5-—=4H—6-1E A%
—2— R -3 —FR U FH R ISR XU R AR BR S, R AR
(@) FI(5) s 1A «

HCIO+2C10, —2Cl0,+Cl +OH 3)
HC10+H202—>HC1+02+H20 (4)
2C102+H202—>2HC102+02 (5)

2.2 HPTECHFA BY4EHIRIE

HPTECHFA [f17C 3 /0 BT sElife, ot o (6
HHAE N CieHasOs THHAE, FiE45r%0): C 71.60%
(71.77%), H 10.45% (10.51%).

HPTECHFA HI4LAMGilkE s 3 frox. Hr,
3600~2500 cm ' Ab (¥ B8 i U Ay ELAT R ) AU A O E
FIH O—H h4i i shig, 2962, 2934 Fl1 2875 cm ™' ik

(U MR C—H h4ideahid, 1695 cm ' Abf¥iléh
C=0 MZRENIE, 1639 cm ™' ALl C=C M4l
S, 1461 cm ' KU fE—CH; FI—CH,— A2
BRI, 1238 em " Ak (06l C—O 4 504 . 2639
em ' PRI JUAS Fermi L4 55 1% H AR IR IR iE 1717
kUi I TR B R AR

7f HPTECHFA )5 Hami 55 LB it (-c ESI
MS) % B % ) 5 AT Lk b 267((M — H])
557([2M+Na-2H] )& 1, 5 HE =) A% 7+
SR AHTT o

HPTECHFA (1] "H #Z#i3LH('HNMR)(400 MHz,

Fluorite

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm™!
3 HPTECHFA M £ 5 HPTECHFA 1EHET. JERIZI40

i
Fig. 3 IR spectra of HPTECHFA, fluorite before and after
adsorption of HPTECHFA
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CDCly), &: 9.79 (s, 1H, —COOH), 5.40 (d, 1H,
=CH—), 4.04 (s, 1H, —CH—OH), 2.80 (s, 1H,
—OH), 1.78~2.00 (m, 4H, =CH, —CH,—), 1.26~1.76
(m, 8H, —CH,—), 0.98~1.05 (m, 3H, — CHs),
0.80~0.93 (m, 9H, —CHs).

HPTECHFA ) °C #%#; 347 (°C NMR)(400 MHz,
CDCly), & 208.8, 126.8, 124.6, 70.0, 55.1, 41.5, 39.4,
36.7,31.6,27.2,25.6,23.6, 14.2, 12.5, 11.0 £ 8.7,

2.3 HPTECHFA H9;Zi% 1t RE
2.3.1 HPTECHFA X} 4l )47 h 52

WA S, ARSI N pH LR 2 A
PIAN 5 I 5¢ HPTECHF S 237 36 200 6 51

7t HPTECHFA &% 100 mg/L I}, 73 pH %t
AR PRI SR R e W 1] 4 From. sl 4 n]
Hl, W pH X%} HPTECHFA 75 355 A1 [R5 AR K.
1 pH<<6 W}, HEA7 (1 [ AR BEAT K pH (14T s 1 =l
B8R 4 pH £E 6~10 Z [EIN, #EA R RISCRBER K pH
TR Ze BTt 2 pH>10 B, #A AR
FREEI; 24 pH A 10 B, A RIS 90.60%.
[Alit, F HPTECHFA VFi%%E 47, 1&E M5 % pH it [
K 6~100 VFIEATTERS, UATHK pH 7E 2~12 JulH N,
FI YR PSR AR (< 10%), 45" pH 4 10 I,
A I 7.88%.

100

80+
ES
[}
g 60 A—Fluorite
%‘ *—Quartz
% 40
o~

20+

0 4 8 12
pH

4 IR pH O HUA N S8 DGR 52 R
Fig. 4 Effect of pH of ore pulp on flotation recovery rates of

fluorite and quartz

ER7H pH 24 10 I}, HPTECHFA F &3 47 Fil
FHVRIERIBCR L 5. HE S aTIL, K
HPTECHFA [ &, A7 VR I b2 30K,
IR FE T 100 mg/L I, 285 A7 (1 Bl AR AR
/N, Nk, Bl HPTECHFA &3 A7 400 1), 1&EHH

100

A—Fluorite
60 *—Quartz

40

Recovery rate/%

20

'/./Ti L L L

0 100 200 300 400
Dosage of HPTECHFA/(mg-L™)

5 HPTECHFA I S XT 8 A7 A1 AT S 34 [P 2 (1 5

Fig. 5 Effect of HPTECHFA dosage on flotation recovery

rates of fluorite and quartz

WD 100 mg/L. VFikAr &), 5k HPTECHFA ik
B, [PDRCRIE R ITE, M EIA 400 mg/L 1, [l
HALN 9.03%.
2.3.2 HPTECHFA 574 A1EH A4

7F pH Jy 10. HPTECHFA ¥ /%4 100 mg/L 4%
K, 4i# "5 HPTECHFA W%, T 25 C Nk
2h, BLOVNE, HAHUUE AR RS 2 I, B
FHEE, TS, AR WK 3 P, HIE
3 AW, 5 HPTECHFA EHJ5 (REAT{E 2966+ 2939
H12877 em ™" AbH I 3 A5 AR, 5 HPTECHFA
St 2962, 2934 1 2875 cm ' ALK HLAT C—H 4
PeBheRt N, i8] HPTECHFA WL T3¢ i, 5
HPTECHFA 1EHJ5 , #4711 1662 il 1068 cm ™' AbfrI%E
TE U4y WA A B T 1628 F1 1080 cm ' Ab: &
HPTECHFA 1EH )5, #iAT7E 1578 1 1539 em ™ AbHiIR
T PRASB b, X AL AT R T 52 AL
VAT R A e 1 T I TR 45 )R AE R e 0 T w5
HPTECHFA 1EH J5, @id/Kyeab B, 4 B0 B 1)
HPTECHFA 77 U Tk, AELLAMGis b A g2 3
HPTECHFA 73t (1) —SSRpAE B g A R Ac e, 1307
HPTECHFA 5341 A T A # I
2.3.3 #ifqY HPTECHFA fEH TR 1 Zeta HELAL IR

g
K pH E IS BARSGRILER W) 2 10 R B 2%

SEW MR Zeta AL RS, AT AT AR E2H) Wi
WA R R R R ARG I 6 v LLE
H, KIS HPTECHFA. {384k & pH ), Bfi& pH
T, AR Zeta WALAWT 71, 6 pH b
9.3 I, Zeta AT AE. I HPTECHFA J5, AHIH
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pH1H R A1 K] Zeta AT &AL 35 6182, 2 25 (pHzep)
9.3 B3 5.1 At , IX B WIHIRORIfE A R R B T
SREN B, 43 ) pH<pHgep I, 2 A7 K I
TE L, SXIF, A e g e R B AR S
HRIIET, FZERADBR M, RIS B[ A
AR, B, MRNEERCRAGF ;s 4 pH=pHzcp
B, BRI AR A, R, A
FIFHRL I SIS, FERIFERE IR TR
TR S bie o, SRIHBGR R STk £ 25
Y% M pH>pHyep I, W47 RIS G, BRI, 2
A1 B B W B [ R U far RRIR A, R IR IR 5 A
Z Ve AN CARR L A 3, i N S A2 AR A
9‘%[21]0

AT FE R 5 H ) Ca™ HIRIRIR B 1 N = A 12
FRESYTHE, TR TRy, Bl RRESUTE
TS B T AT AR T, R ARG, TR
AMECIESE RANRT . [FII, pH %, HPTECHFA
B ERR IR B %, 2 K Zeta WAL AT
AR . RSB ER, HT OH S 5 RIR
RS e S T O R 5 ST /L e a5
K, FRIERCRASZE, 5T I (37 126 S0 45 FAH — 3.
2.3.4 HPTECHFA X SERREE A0 W) 177k

i TWE9T HPTECHFA X SEBRE A0 Pk g
77, R — B 77 AR R Wi Ly D8 A,

E£1 30 CRHOEOT MLz 5 5

5 ARG A SR R EA T X LS, 2500 B
WA 10w, R RS MWE 130 CHRE
2(10 C).

1R 2 ()5LEG 45 KW, HPTECHFA 1) —
PR B B ey R ), AT SR T R A A
WePEREST: 30 CF, —UCHBERIBCRILE] 97.98%,
SRR R A L, BA IR S 1.86%,
MR 2.23%; 10 C N, — YOHLEE [T Rk 2]
89.88%, SAEGIMHHICRIMIRRAHLE, A7 Rl A4

A—Fluorite

301
*—FluoritetHPTECHFA

20

10+

Zeta potential/mV

\\\\

’30 L L 1 L L 1
2 4 6 8 10 12
pH
6 %if15 HPTECHFA {EHTT)S Zeta Hif75 pH fHIFG
#

Fig. 6 Relationship between Zeta potential of fluorite before
and after addition of HPTECHFA and pH value

Table 1 Roughing experiment results of fluorite ore of Kengkou at 30 C

Collector Product Yield/% Grade of CaF,/% Recovery rate of CaF,/%
Rougher concentrates 46.36 80.48 96.12
Oleic acid Tailings 53.64 2.81 3.88
Feed 100.00 38.82 100.00
Rougher concentrates 47.83 82.71 97.98
HPTECHFA Tailings 52.18 1.56 2.02
Feed 100.00 40.37 100.00
F2 10 CFHUOEATH HLE ST 45 1
Table 2 Roughing experiment results of fluorite ore of Kengkou at 10 C
Collector Product Yield/% Grade of CaF,/% Recovery rate of CaF,/%
Rougher concentrates 32.52 89.93 73.79
Oleic acid Tailings 67.48 15.39 26.21
Feed 100.00 39.63 100.00
Rougher concentrates 40.09 87.48 89.88
HPTECHFA Tailings 59.91 6.59 10.12
Feed 100.00 39.02 100.00
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16.09%, {HEALFFAR 2.45%.
2.3.5 HPTECHFA 731 45 Fe mO0 71 K 5210

B PE4<PE N, HPTECHFA fif 25 Hi (IR IR IR BH 35 1
B A R R 5 R R 5 S G A R P S U e WA B
EHA R L, ARG RXE RIS 2 4y, Wil 7
JJi7r. HPTECHFA 43 i /K VE IR R ER HIEHE 3
ANGKHSFEA 1A IEN T, XK R S —
I T <A%< . 24 HPTECHFA ) ] HEMR I 257K
FEWR PR AT R T I, XS R < 1 i
THARMMEAKE, $2m T EER, i,
ZISMANPF ST 20, 3 FF I bb 3 LA O g g 2 T
fE, DRIAE/KEHH, HPTECHFA EL R AT HAKIY
Rk ), {Erekrh ER Y A E /N, ik
PERE I LFPY, 4, HPTECHFA 4 7 felE— AN
WHARINTT, B EAmARE B, i BA
EARAEEN 5. B T8 CIJUKAET, HPTECHFA 1/
SRIRFFR AR shbE, Dk, BRIT 2R 2P
WAL, &S TRAGIREE iRk .

7 HPTECHFA 555 &7 K oie

Fig. 7 Precipitates formed from HPTECHFA and calcium ion:

(a) Unidentate conformation; (b) Bidentate conformation

3 Zig

1) IE T EEESE A AP T 3L & b Ee AL T
KNS 1, 3, 5-= 36— IERHEE2- 53—
I PR rp () 44, 4R FH I S0 B — DU K R R et
FAbiZ PR R HPTECHFA . £ 00T, 204k
enk. . AAMSEIRE SRS AT, UESE TG K
A Gt 2 HAR =)

2) 4l YpiF L SEEe R ], HPTECHFA &g 41 H
HRORMRCRE ), RS R RE TR . SEBR
WA AR R XY, 30 CF, HPTECHFA fE3k
3 LA IR = 1.86% M FAb A IFIE [ ISCR, e
10 C FAREIRAT LL VIR 77 16.09% F Fil A0 475 17 3 A1
.,

3) {E%E 415 HPTECHFA £ )R £ s it i
SR T L R IR A IR R e, R A
HPTECHCA = 2252 LI 2 A1 FH U7 AW B A 2 A R T
I HPTECHFA J&5, # A1) Zeta A W, H
WY pH B, Zeta I HUBELE, XKW
HPTECHFA Hi & Hi K IR RN B9 1 5 st A0t B ok
(A B8 R AR DT RS, AR T A2

4) HPTECHFA 731 HVRFA )P vk < gl F i ok
THCAT YRGS TS ECA
Werie )1 . HPTECHFA HATHACIHERN &, SR ik
AT TR 5E T4 o
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