H19 B3 M SO I D Vol.19 No.3

2019 4£ 6 H The Chinese Journal of Process Engineering June 2019
P A, - .
:gz RES5HE :%s DOI: 10.12034/j.issn.1009-606X.218298
o Y 2t

Extraction of glycine using functional ionic liquids
Haiyang XU', Xiangzhan MENG?, Dasha XIA®, Lanfeng HUI'", Hui WANG*

1. College of Papermaking Science and Technology, Tianjin University of Science and Technology, Tianjin 300457, China

2. Beijing Key Laboratory of Ionic Liquids Clean Process, Institute of Process Engineering, Chinese Academy of Sciences, Beijing
100190, China

3. School of Environmental and Chemical Engineering, Jiangsu University of Science and Technology, Zhenjiang, Jiangsu 212003, China

Abstract: Glycine, also known as
aminoacetic acid, is the amino acid with Aqueous phase Aqueous phase
the simplest structure and is widely used in /\“/@
food, medicine and pesticides. It is an " i

© .
important chemical raw material and \.2\8\ JK(L \ NP L Fﬁ%\\/\//%'
intermediate. Chloroacetic acid g ‘ N '
ammoniation is one of the main . *2\8\ . ! ) » o
approaches to produce glycine. However, T (\ Q’}/\ : )/vv*\[

it needs a large amount of toxic and e e O:“ /_{J ":O : gﬁf\(‘ :
volatile methanol to separate glycine from ° - o o ) :
ST |

the ammonium chloride byproduct, with

Ionic liquid phase Ionic liquid phase

low separation efficiency and the

formation of a large amount of waste liquor which is environmental non-benign. lonic liquids, as a novel green media,
have shown great potential in the field of extraction and separation owing to their advantages of low vapor pressure,
good thermal stability, adjustable structures and properties. In this work, designable ionic liquids (ILs) were proposed
as the extractant to separate glycine. The effects of the ILs structure on the extraction efficiency were studied using
imidazolium and quaternary ammonium ILs. The effects of pH, extraction temperature, time, and the initial
concentrations of glycine and dicyclohexyl-18-crown-6 (DCH18C6) on the partition coefficient and extraction
efficiency were investigated. The IL system was recycled and reused for glycine separation. The extraction mechanism
was revealed by FT-IR and quantum chemical calculation. The results showed that choline
bis(trifluoromethylsulfonyl)imide ([Ni112(0m)][NTf2]) had best extraction efficiency. The addition of DCH18C6 to the
system could enhance the extraction efficiency, and that of the [N1112¢0m)][NTf2]-DCH18C6 system could reach 85.4%.
Under the optimal conditions, the partition coefficient and extraction efficiency reached 10.9 and 94.4%, respectively.
The extraction efficiency remained 90% after the IL was recycled 5 times. The strong hydrogen bonds between
[Ni11200m)][NTf2], DCH18C6 and glycine played an important role in the extraction of glycine. Thus, the system of
[N111200m)][NT£2]-DCH18C6 was effective in separating glycine from water and could be an alternative extractant in
the industrial glycine purification process.
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1. RERHERZZIEAREBE, REE 300457
2. EFRER SRR TR BTSSR S AR AL T A =, JEA 100190
3. VLR RFA BS540 TR, 1175 8T 212003

. DLMATHRE AT TS T AR RGN, i R AR B H R, 5% T AN A 45 4 [ R P R 2 B8 T VR AR L A3
EHZERRMECR, BT pH . ZEPURRE . FERR), H R BRI R IR CL k- 18-/ BE-6(DCHI8CO)K 55 T. 2 B 4k H
R T R BRI A2, 582 1 RN = 5 A R A% B (N 2o | INTRD FITE PR R R #8850 FT-IR FlE A2 AR
AT [Ni2om][NTR]H! DCH18C6 FEHUHEBR ML . 45K, [Niunop][NTH]FIFERCER & T HEB F#MA, A DCHI18C6
AMRFEARE, [Ninon][NTR]-DCHISC6 HElfk &, HEMAERRIE 85.4%. (MMM T, HHLREAAERR )58
10.9 F1 94.4%. BFHAARTEAFAE 5 %, HEBRFBETGER 90%. [Nin2ow][NTE], DCHI18C6 FlIH & MR M7 1L () 5n E 81
FIRFERBECHE . F, [Niunon][NTF2]-DCHI8C6 M A MBS HER, NHERMS G BH T 230,
XA HER: RSB Tk, —HCE-18-7 M6, AW, Akt

FESYES: 530.2130 XRAFRIRED: A XERES: 1009-606X(2019)03-0544-09

AL GRTH . FUIRSE, AERCREIL 100%.
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1 2 2

HRM XTI OR, e g R, |
PN R R S Sk B
RI& BT A AR CRE R 12 Strecker 1.2 H
Hydantion .23, TR OREME L 2ME, W&
BORAG, EANRZHAESRAZ TS, EKHT
A OTR TR SAE SIS FE M A R B B R R B A H
IR, (H R 2277 A 2R B /R B 1) NHACL I P29, N3ke
mAEHER, TR B BET, HER
AT (1) B FREAS sy BEW . %570 B il
HRRRAER S, HLEER. fefEas, B i
(2) WHNEL ZIERHHRKERRE, AMU5 R
BT a R Al B R Aeib B T bRt (90%~95%), A
REF T2, AR ART 99%)% .

ARG A B %, CHTEARD,
FEREE B, ERB-RERGTREE A KE S
FERMBEANLIA R, PR IRIR AR KRS &
B BRUAEY. HRTCHR T RIIGEER, A58
IG5 CO» RO M BFASE, REBEREAIIE
A, RIS 5 B R

B TR (ILs) 2 B A HLRH 257 FEHLECA BLIT 28
TR 76 100°C LA 2WES AR EEC. ILs LA
EAE, s tae iy, BAFEE N B
PEGF,  FE R SO [ BH S - 45 R AT R s 0,
BT ARE RSO, Tz N TR, Bk
e SRR FEEC B A LA AR P S 21T,
Ferreira 1012 IR I 24 01 2 i S B9 11 A4 T MKV R

Tomé ZENTILL G 7K P DK A 285~ A4 N A B A ZK HR 4 8
TR, RINAEELEE 7 PH B e S 00 S 38 iy PR,
24 pH<pKa(pK, A% HAL SO, 20 BE 25008 pH 88 K11
/N, pH BU/NEA R T A RAER . ISR A —
O - 18- Fik-6(DCH18C6) il # 1y H A543 T AL HLi%E
PRPEDS, S GUIR ARG, BRI TR R R A
B EREL nom, JEAEAR SR HAR U, R AR R
srEteReE, HOTES R A

BT B AR e 77 S — R EE B 43 85 7 TH
O NI VA L = e e e R NS E A N )
RIRKIER P B HRAER, W5 T8 FlARss . W
7 DCH18C6 X H 2R 73 B BUR s R . 5 1A
B pH (E . ZEHURTIR) . BEHGE . H 2Rk 55T
I3 HC R BRI ZERCR 52, BF TS T 88 AR A 28
P, M T BT IAA-DCHI18C6 5 H &2 2 18] (A ELAF
., DB B R R BUH 2 R P HLER

2.1 RS

H & (99%), H3PO4(>85%)F1 KH,P04(99.5%)14
THEAGEANZEEFRAR, S (O9%), LINTH
(99%), KPFq 1 DCHI8C6 ¥ ki +i T 1k k754 B2
AIRRAE,  1-TT 36 -3- F JE IR I 5 B 1 R £ ((Bmim][PF],
99%). 1-CL3E-3-F KPR 35 ([Hmim][Br], 99%). 1- T
HE -3 F L R M XU = R R U % B ([Bmim][NTH],
99%) 1- R .15 22 -3- H 25 IO el XL — 90 FF Ak IV e 3
([AOEmim][NT£], 99%)All 1-H1 4 Ik 2, 3k-3- H LR XY
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= G R P % 25 ([MOEmim|[NTE], 99%) T _E i %,
U AFARAR, &AM AT T 24 he
22 LGRS IINEE

ACQUITY #f = RiAH 1%L (UPLC, 3£ [E Waters
~#]), Hypersi GOLD SAX 250 mmx4.6 mm, 5 pm &3
FEERER KR BHE A FRA F]), ME204 HL T K P (HE4F )
FERZAXZE A PR A F]), RE2000A Jie i 78 KA (i 5
AAGAXEE] ), AVANCE I 600 MHz A% i FE 4R A3 (Bifi A7
B HBRA T, DF-101S £ IE RN s 71358 B 2% A1
DZF-6052 H.725 T Lilg—ER# A3 A R A A,
23 LWHE
2.3.1 B RE R

SCOB BT O OAH B = GO W BE I R%
(IN111200m][NTH]) ~ 1- 28 -3- B 2 Ik 7S 3 1 1R 6
([Hmim][PFe]) A 1- -3 - H 2 DR MA X = 40 HF i gt 0 i
Hh([Hmim][NTE]) FH SE 56 % A Bl

[Ni2om][NTE] & % ¥ 0.125 mol LiNTH (5
mol/L) 7K i 2z 1% i I 2751 &1 0.13 mol [Ninzom]Cl
(5.25 mol/L)/KIEM 1, Hild$i+FE 1 h, A 15 mL CH,ClL,
FiFE 20 min, #ETZE, 58 CHCLAHFIKAH. H 15
mL £ B F 7Kk CHLCly 2 KA AS 2] ClI-(LL AgNOs
ORI, 328 K FiEZ5FR 25 CHCL AT 7K, 323
K BT 48 h, 3453 HARE TN 20w [NTH],
TH-NMR #5315 5 J9(ppm, DMSO-ds, 600 MHz): 3.83 [t,

2H, ~CH,~OH], 3.39 [t, 2H, N—CH,], 3.10 [s, 9H, (~CHs)3]

[Hmim][PFe] #] & B : FREL 8.04 g (33.6 mmol)
[Hmim][Br] 1 5.89 g (32 mmol) KPFs 435l ¥ T 20 A1 30
mL EE K, KWMERIES, 333K FT/xM24h )5
HET)E, 4 B [Hmim][PFe) FKAH . F 258 F /KB
[Hmim][PFe] 2 AKAHKT I A 2] Br(LL AgNOs S,
323 K HZ T 48 h, 345 H A5 & 7R [Hmim][PFe],
'H-NMR #6554 (ppm, DMSO-ds, 600 MHz): 9.09 [s,
1H, H(2)], 7.75 [t, 1H, H(4)], 7.69 [t, 1H, H(5)], 4.14 [t, 2H,
N-CH,], 3.84 [s, 3H, N-CHs], 1.77 [m, 2H, N-CH,CH,],
127 [m, 6H, N-CH,CH,~CH,CH,CH,], 0.86 [t, 3H,
N—(CH,)s—CHj3].

[Hmim][NT£] )4 B #2 A [Hmim][PFe], LA LINTf
R KPFso 'H-NMR Faill 25 54 (ppm, DMSO-ds, 600
MHz): 9.09 [s, 1H, H(2)], 7.76 [t, 1H, H(4)], 7.69 [t, 1H,
H(5)], 4.15 [t, 2H, N-CH,], 3.84 [s, 3H, N-CH;],1.77 [m,
2H, N-CH,CH,], 1.26 [m, 6H, N-CH,CH,~CH,CH,CHa],
0.86 [t, 3H, N—(CH,)s—CHs].

2.3.2 FEHULHE
P H 2R KA RN B 1M (8 IL-DCH18C6) A %

Y — B AR A, TERF I T — B e, &
> 10 min 73 B B FWAARF A KA, F UPLC 2 #r7KAH
P Z IR
HRZBRLE B F AR RUKA Z 18] 143 e R 50K S B
FER MR (EE) 7 A% N 2t 5
K=Ci/Cw
EE(%)=(Ci—Cy)/Cix100%

o, C A Cw 73 5 8 H R AE 55 AR RN 7K A R
(mol/L), Ci AH BRI MW UHIR BE(mol/L), Cr AZEHL
Je KA e H B2V FE (mol/L), 2 B T4 FE AT K ARV
ARG AR . WA S B A A 25 mmol/L
KH,PO, ¥R (H H3PO4 % pH=2.5), ¥ii# 1 mL/min,
P 200 nm, FEIR 298 Ko
233 BETHEFEITH

KH Gaussian 09 #2712 % 5z B B (DFT) &
B3LYP /6-31++G(d, p)/K-F3R 3 H &R B Tk
DCH18C6 f H & Fe—& Tk H&R-DCH18C6 &
VI AR A o

3 ZREIT®

] 8 REEU S iR 298.15 K, B[] 30 min, pH=2,
HEBRYIGKE 0.1mol/L, HEFRVE 5 & T AR
Et 1:1, DCHI18C6 #¢/E 0.1 mol/L, M8 s —K & et
PONER=N iR ES AR
3.1 BFREEHEIRMF DCHI8C6 34 BEHRHY

A

DL 7 FiAS[RI S AA ROIK IR L 2R 2 B8 IR (g X
DL 1) A ZEEBGR MK R BCH 28R, A i
2 fiizr . MWL, [Bmim][PFs]F1[Hmim][PFs]7E 30 min
WHZBRZEIR R A 25.0%; S FRINTLI T, 7
[Bmim][NTH )M [Hmim][NTH]1E £ 1 2ECE 4 13.0%.
FH UL AT DLRH B AR R, RREER I he Sk pist phy C4 A%
N C6, Ao BRI FEMARE R , H B B 70 H R R A B

TREMAELK, [PFe] LUINTR] AIZEHC 8 i, 5 PR Al gk
[PF] 38 /K 734 i HFRO, 5 pH {8 R F%, i H&
FRTE/K 1 LA HsNTCH.,COOH FERAFAE, 5[PFq] &R
FIEAEFSRNT, FEHCRIE A 2 7E keI E 5] N\ BRI Bk,
it L J5 , WI[AOEmim][NTH]FI[MOEmim][NTf,], HZ& &
EWMEFFERE. iES FREd, REDR
[Nin2om] [NTRIZEIE B, 18 63.0%. 55T AR K%
WP 2 BCH & R AR L N [Nion] [NTH]>
[AOEmim][NTH:]=*[MOEmim][NTf;]=[Bmim][PF¢]~=
[Hmim] [PFs]>[Hmim][NTf,]~[Bmim] [NTf].
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Fig.1 Anion and cation structures of ionic liquids used in this study
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Fig.2 Effect of ionic liquid structure on extraction efficiency of
glycine

e Tk BT S A, AR R b 5] N TR BE AT 4 e
JR RIS LR I AL HCR Y Syt — 0 3 H =R B RO
B, FERP I DCHI8C6, HALRIFHL 58 ik
HiE, nTRFERSAERE. I DCHISCG #i 5 H =i
IR ILE 2, [Bmim][PFA R+, HRABRAEIEH
25.0%H = F] 75.0%, [MOEmim][NTH]#4 & FI A h
23.4%2 2] 75.0%, TM[Ni20m][NTH]-DCH18C6 EH
IR ZRZEIRIL 85.4% .
3.2 ZEEUEHRIK
3.2.1 pH {E 152

pH {HS SRR o F1EK R A, 2
SRR, A pH H AR S E MR N FERZ
—[B17210, DL H3PO4 4% H 2 RIS pH {8, %% pH
B ZE ISR A2, 455K W 3o [Ninoom ] [NTE]E &
W, HERR I IE R BRI AL R BE pH B K i ) o
H DCHI18C6 fA{ER}, 7F pH=2~5 JulH K, HRARN
Jic 28 pH B3 KTk, pH>S B 4Bt R 4UBE pH {H
BTG K, R EH M. ME pH T,

[Ni1120m][NTH]-DCH18C6 14 % bl 1k KA 3 i
MEEER . 2 pH<pK, (pK,=5.97) i, HZFR1E/KH LA
NH;*CH,COOH J¥ = 7 #£ , b % W pH fH 1§ X
NH3*CH,COOH PH & F & #f sk />, [NTR] 5
NH;'CH.COOH [ #§ LI 5| F39di /N7, 3 B R 2R [
s 24 pH>pK. B, HZERTE/KH L NH,CH.COO TE
75, B pH M AKHEFZEHE L, Nunonl' 5
NH,CH,COO™ )& FLIE FHIE K, ZEEURIZHIE n. pH=2
I 2 IR £

8 [ [NHIZlOH)] [NTfZ]iDCH18C6 [NIIIZ(OI[)][NTfZ]7 90

—0— —o—
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Fig.3 Effects of pH on partition coefficient and extraction
efficiency of glycine

3.2.2 FERIFEM

IR 2R UM N 7> B RCR B R K 2 —, IR
W BN/ E AR AR R, FE
278.15~378.15 K Ju FHl W B FT [Ninaom][NTH]
[Ni120m][NTf]-DCH18C6 #HUH B AR (LM . th
Bl 4w W, JREEH 278.15 K FH% 288.15 K B, H&R
(70T R BN AR R e %5, IR — 2T, o
e SR BN AR/ o o T 88 A R 2 i 2 48
TR/, ARG BE 1 T A F TR R AR BT, P DA
FZ R 278.15 K 4% 288.15 K b, H&IRE 5T M/KAA
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HREANAM, FEREGM: RN S, B
IR AR kN, RIS Z R 1N, SRS HE
2 Y RS RE T PRS2, 2 e RO A R N o B
FEZEHURE ) 288.15 Ko
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8
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Fig.4 Effects of temperature on the partition coefficient and
extraction efficiency of glycine

3.2.3 ZEHUHA] 1) 5

5 A B 5T [Ninaom]INTE] A [Nijaom][NTH]-
DCHI8C6 A& & H A I (8] % H- 2 IR A B 1) 52 1w R
g, R WE S Fror. HERTEL 46[Non [NTH]E
F, R 43 T 28 H5ORN 25 HYU SR [ I 8] A28 K T 22 1
K, ZEHUFTEA 50 min BRA R, ZEEZE M 10 min
i) 64.9%$E %] 50 min B 71.9%. I\ DCH18C6
J& . REHUCE T E) 45 45 3 20 min, HEAEREH L
DCHI8C6 I [1) 66.8% 2 = ] 88.5% . Al M., hOA
DCHI18C6 fEH2 =y ZE U A [P [RIIF, ] RS 5 4 o A5 U Ak
FRIL BT E], SRR AEEUN [A] 24 20 min.

90
] ] —" 1

81 n O 0 D/D 18
- i m
g m
k3] 6 - [N1112(01[)][NTQ]7DCH18C6 [N|112(011)][NTf2] - 80 5
: o e -
3 —e— —e— 752
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Fig.5 Effects of extraction time on the partition coefficient and
extraction efficiency of glycine

3.2.4 HRBRIE WA FE 1) 70
[N11120m][NTH]-DCH18C6 1A R, HZERIA Y]

GRS FL A3 e R BRI ZE BRI 52 ] 6 oo 40

FRYONZER R H A BRI AE VR BE 3G gk, H = Ry
GURFE 0.05 mol/L B, 73t RECA IR iR, 737
N 10.7 A1 91.5%. HABRWKEZM 0.05 mol/L HEZ 0.88
mol/L, /ECREH 10.7 FFZE 1.9, ZEHCRH 91.5%MF %
65.3%. TEZERGIAAIIAZ &AM T, K5 HER
FHEAE WA S8 —E, ATANHZERNE—E, MH
ARG BEYG N, ZEHCR K. Bk, HEmw)
G E 0.05 mol/L Mgt

12
: 90 o
0- |\ o
= \ m
8 r ° o2
£ 8r \o 80 g
Q =
—

£ or A& = 0 2
E | \. '2
< v ® 154
=o4r e o0 £
>
L \ =

20 v, v

| L | | | 50

L 1 L L 1 L 1 L
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6 HEIRYILHI LR [Ninzom][NTf]-DCHI8C6 14 #
HER 73 e R HOR A (52
Fig.6 Effects of initial glycine concentration on the partition

coefficient and extraction efficiency of glycine in
[N111200m)][NTH2]-DCH18C6
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Fig.7 Partition coefficient and extraction efficiency of glycine
in [N1112¢0m][NTf2]-DCH18C6 at different DCH18C6
concentrations

3.2.5 DCHI18C6 ¥ J& {5

PR A DCHI18C6 3 B X H 2 R 7 it & Hf1
FHCRIE 7 B, SRERW, HEBRO A
FIZEHCRRE DCHI18C6 WK K, DCHI18C6 ik
FEH1 0.01 mol/L B4 % 0.2 mol/L I}, 4)Hc &% 1.8 ik
W% 10.2, FEHCRH 64%H % 92.4%; DCHI18C6 iK%
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HE—B RN, H R RRZE R 4y e R A I A ez .
DCH18C6 ¥ FE 38 il ZE BRI AH o] 5 H & B AH LA
Fr i 2, MAKAHZEBCH 2 BRI 2 22 19 K . DCHI18C6
B 0.2 mol/L NEfE. TERMZFLT, [Ninon][NTH]-
DCH18C6 4 R EEHUH U2 (1 B B2 A 43 e 7 £ oy 5l v]
15 94.4%7F1 10.9,
3.3 BT RIAEIAFA

MGGV B, B IRAZERUN I AR 22 00
o RFAFHELE T [Ninom][NTH]-DCHI8C6 4 & 11
IR UG 7 55 B A AR RIK AR, 7E 34315
K B2 5 MR B IR AR T4 24 h, kSR THLy
BHER, EEERINE 45.6%, AReRBTHRAPT S
HE R R HAE F A7 s SR, ASREREUE 2 H &
i PR m AR, RN ES AR oI 0.1 mol/L
DCHI8C6 H T ZHUH &R, 45 R WK 8. HFAa
DCHI18C6 J&i » [Ni1120m ] INTRIEIRFI T 5 RAEE A L
B TR, RIIES IR R B A BUF AR M .

100 [-
80 7
60
40

20

Extraction efficiency, EE/%
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Reused times

K8 [Nizom][NTH]I-DCHI18C6 ZEHL H & 2 (75 ¥R F1) 1 1
Fig.8 Reuse of [Ni11200m][NTf2]-DCH18C6 for extraction of
glycine

3.4 ZEEHLE

Nt TR IR B A RIS, @
B EE T E AL AN G 4 BT 58 NH.CH,COOH,
[Ni11200m ] [NTH]1F1 DCH18C6 [a] FIAH H.AF FH o
3.4.1 FirHh

oy 1845 by LA e 38 AR 7 PR, BRI 4y 3R T
PR3 A X3 1) T4 A7 (L X, 4013 T )i e
AT T 0 23 5 18] AH B AR H 24251, NH,CH,COOH,
[Nin2om][NTH]F DCH18C6 [ H 35 K rL 3443 A in 1
9 7w« B 9(a) 1 H &R 7 F—COOH(-NH,) ) H F1 O(N)
Iy AR IE A, BB SAE 9(d)]ERTE
TR T i L e N R K AE 23 99 930 keal/mol (15 73
TR HL A1 5.49%) F1+50 keal/mol (5 EE N 1.12%). K]
9(b)H [Ni1120m][NTEH]FH & T/ N #1-OH _EH H EomiE

A, HETR O Bonfim®, HHNAMIE 9e)] R
0,48 46 3R T F 3 f /) AR KB 43 9 95025 keal/mol
(5 LR 0.78%) F11+50.25 keal/mol (5 Eb A 1.46%) . & 9(c)
o DCHI8C6 731 O Bl x i 3%, He XS s
PSS A IE RS, B[ 9D R W F L F N T
—10 kcal/mol f X35 5 15%. HRHE_ER43Hr a] LAHED,
H& R ¥ —-COOH(-NH,) L) H 1 ON) % 4 5
[Ni20om] [NTRIFIBHE T O FIFHE F-OH Hi H K&
DCHI18C6 73 FH 1) O Z [AAFEAEREIR A HAEH -
3.42 HER S5[Nion]NTH-DCHI18C6 [ H.AEH

10(a) 9[N111200m][NT£]5 NH,CH,COOH KR &
BRI ER, F H31---04 F1 H10---037 KIS
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(0O4---H31-017 F1 O5-H10---037), K BE[N 111200 ] [NTF]
A 2R 1 K W R ZE U (B2 . DCH18C6 Al
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