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Abstract: D-p-hydroxyphenylglycine (D-HPG) is an important intermediate for the synthesis of sweeteners
and drugs. An innovative continuous chromatographic process was developed to recover D-HPG from
crystallization mother liquor, with the aim of reducing the process cost and improving the quality of D-HPG.

The thickening properties of different nanofiltration membranes on mother liquor were investigated by
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pre-treatment test, and the Applexion NF200 nanofiltration membrane was selected to enrich D-HPG. The

separation properties of different resins were analyzed by single column experiment, and the separation

degree of Applexion XA945 resin to D-HPG and ammonium sulfate could reach 16. Based on the results, the

way of sequential simulated moving bed separation was further studied. The results showed that after

separation by the sequential simulated moving bed, the average purity of D-HPG in feeding was increased

from 42.2% to 96.3%, and the average yield was 91%. The continuous chromatographic system is a

promising method for the recovery of D-HPG from crystallization mother liquor. Compared with the

traditional process, the new process not only ensures the total yield of D-HPG, but also greatly reduces the

process cost and improves the product quality.

Key words. D-p-hydroxyphenylglycine; crystallization mother liquor; sequential simulated moving bed;

recovery process optimization

D-XIFHEIH W2 ( D-p-hydroxyphenylglycine,
D-HPG ) s& & M A LRI AT . PURTEL W
M e N, R, fEE RS
P E B A . TR EJE D-HPG 4= KIE, T4k
bBEE ERZAREIR SRR, A E A
Wrilbfbfe g 720, DU SCEE = 6 . BRI AR
P e . SREIAMRR H A

D-HPG & Se gtk 4 i ek A iy i 150
Wil 25, SRR IE A SE L A A L A5 AR PSR R
v T. 9647 R 4lNG . BT, D-HPG H) T 285
EEE RN &R, R T L
AR I o e AR T, JUHR S SRR R,
PR, WIHFERE R RE R AL, B
PR A PR g i o B k12 {445 D-HPG
B T2, JARERER pH {E, RAANIEB )2
D-HPG Fl/N» T4 , D-HPG 9N 455 £ 250 g/L
Ja . AR S A D-HPG ATl , —IR&S bk
TR AR B, 7 YR S 52 A PR S TT3E I 7% i SR

i 3540 F% 81 PR ( sequential simulated moving
bed, SSMB) J&—Rhi&Ziiil & @ikHAR, HA™
REfm . WESERERRR A . HET SSMB 24
BT AR AT, W Tk 25 i )
Te TR 53 w515 A R | IR A
I3 F SSMB (i F AR 17 il o Bt A R0,
[ RRAIG 1 2R 72 A . U8R T R

AW ST T AR i e Gl A E s AE . ik
SSMB (aif% S5 AR B 5 20, T & 25 b Bk ol
i D-HPG #Z ik T2, DIsMES T 2K
FE. BEAEAMLSEMINAE, 1R D-HPG R,

FRE MR A R T AL, S
K E D-HPG A= AR Myt
1 MEEFE
11 UE5EE

INRIVFFNIE RS, /M SSMB REGLAL 6 1
HAZ 40 cm, 5 50 cm FEHTAE : & TR (1l
RAEBFBE ); FRGRAE IR (1260, 15505
#: Agilent Eclipse XDB-C18,4.6x250 mm, 5 pm ):
LHEAS ; 280N E L (S500-F ): Hg4ri; Fyl
Protfl (WAY-2S): FIRE B R A BR A v .
1.2 XA S5H#

D-HPG %5 fhH (46 35% ): ERIGEIER;
TR . BERR A AT . BERR (43Tl ). EZ; 2NE
({434} ); FISHER; D-HPG (99% ): ik,
4 Applexion NF200 il Ande NF5 8040, 55
PR IR Applexion XA945 ., s & 1
Wi XA4014S0, K5 R 1 FH B ¥R s Applexion
XA2041Na: WHEFEDEHAR ( Bi) ARAA,
PEESENZE 1 i,

£1 WESH

Tablel The parametersof resin

Applexion Applexion
XA945 XA40T4S04 5 2 5041Na
ERLkY/ b TWRNE KHE /- Rewm— ¢
TR B TR IR BRI R
R g VIRl i
gl LR E-E7S Zei 3 itk 7R
B E R (eq/L) =1.60 =1.20 =1.75
IKE % 60+4 563 48+6
HiA2 43 A /mm 0.500~0.750 0.280~0.320  0.300~1.200
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1.3 D-HPG #&ifll 7%

K FH = OB 524 D-HPG 19 7 i %
FEES.O o B ETE W, FRZR 0.22 pm JE MR IR
JE HATRIIN o I SRR R BRI S G2 v TR I
RAW (97/3, viv); WA 1.0 mL/min; K
35 °C; KPR 254 nm,

1.4 TRAbIELIG

45 B h D-HPG &8 27.0 g/L, F%
AR B ( ((NH,),SO0, ) Fl /b 8 11 &,
(NHy4),SO4 4 50.7 g/L AE AT FlAb B S B 1
JeHl 4 mol/L BiPRVSWFF 45 s B pH (HIM =
1.5~1.8, Fr M Applexion NF200 1 Ande NF5
8040 ZHUEMTHEAT I uk vk 4, PRAEIRE N 20 °C,
HEEMARLUA 100~120 L, #4683 fi5, WM,
Rl D-HPG & & MEIEY) & &, iH SR by
D-HPG WCEFIZERE , SRR BN . fEA Ak
RAEECT WD g U R AR A, SRR AN R
() B AR AR A A
1.5 BRI

HAEENAER 1.3 m, WEES cm, WIBEE
JE 1 mo XHEARIZEEIAE Applexion XA945 .,
XA4014S04 K XA2041Na %f D-HPG F1(NH,),SO,4
B9 B AUCR , Hoh Applexion XA945 Fii /G FH 5%
TR, WSS RIS I 10%, IR IRZAR
B(BV) ARAETEALE AR, SRR EAE,
FE 0.05 BV, e AR 35 2 2 BV/h,
YRR S /NT 5 ps/em AO4EK . PRRESCEGAE
15~20 °Ci#t47, VAR 1k D-HPG 7E{i% pH {E % £
Refite . WCAR IR, /A BSRCR I EEFRR,
K (1)

- 2400 i) ()

A, R: B E; Trp: D-HPG B4 B B[]
(min ); Trs: #%J5(NH4),SO4 PR BS[E] (' min );
Wp: D-HPG Byl 5E (min ); Wg: (NH4),SO, YU
$& (min ),

1.6 SSMB [El¥ D-HPG %I
1.6.1 SSMB L& it
SSMB B BEANEL 1 Fizs o

SHEA:
RNk

54B:
HEK/RIBEE

S3HD:
HERlR W s

HC:
BEKARBUBIBGE | R BOR

HFR2

1 SSMBIE{TH B
Fig.1 Thesequence of SSMB

g A TRIS, RHEAEM IR NAEER, i iE
B 3 BE (1 25 SR BRI EA T 0 5, O BRICH Wk
Mt . 4320 B BRIRINAE, VEIRWGHEA Z1 X,
2t Z1, 72, 73 \%h z23 (2) . 3 C
FEIORIAE , TRIRBGIEA Z1 X, B E B IZ XN
D-HPG HEH. 204 D: FRmilcss, BgdEA Z3
(1) X, B EIEILIX A (NH,),SOq HEH R
SE R

Hrb 71 X8 A 85905 5 & D-HPG 1Y [X.
W, 72 KAGH A 455 D-HPG FI(NH4),S0;4
HEIRAMIXEL, Z22 #5rh Z2()F 222)X, #
X PRt S AR, FEiE 22 (1) XEF D-HPG &
EZRWTE, S Z2 (2) XHEF(NH,),SO, 71
BT Z3 AWK, N Z3(HE Z3(2),
(NHa)2SO, 2l BB B 55, Z3(2) X (NH4)2SO4 21
4 100%, PR IZIXUEE (NH,)2S045 Z4 X R7K
X, A0 D-HPG FI(NH,),S04.
1.6.2  SSMB [Hll§t D-HPG SE 55

SSMB i &4t B bR F 4G, 21, 22,
Z3. Z4 KIGAE 6 MOt = AR i, $1E
REE R 20 °C, PEFEWCA T/ T 5 us/em Y ZLK
3 4 A RS Gl B S A% AR SSMB 43
BRI o SERPRHR A 999 8 RE AL B 1 45 TR o
Kl SSMB 2Bl FIFk ik 1 D-HPG & &, %R
X (2) i1 D-HPG By .
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° IRMBSEEE

REC% = UM 1000 (2)
Cl X\/l +C2 XV2

K, Cp: #PURH D-HPG &t (g/L); Vi
— A AR BRI R (L); Cy: 3% D-HPG
i (g/L); Vo — BRI (L),
1.7 ITZiRiEE

S5 SRR R D-HPG B3 8 T 2 i fE e,
Bl 2, difbRRa it b Hib s, #EA SSMB

D-HPG%: B

4mol/Lﬁﬁ@‘{"’§?&—>| Biab3EL: pHIETY ‘

v

| mutmo. g | B

v
VHRHOK) B

v

RGBS MERBOR, SgnuEkas . AR
B, ANUEK [ SSMB PEIRK . AN, e
()AL B 18 57 R SSMB AR ¥k, A A T 4l
fJ(NH4)2SO4, 78K L5 ML, 78 &% K T H
5 SSMB V2
1.8 HEHH

FIH SPSS 23.0 #4758 4b 3, Origin 2018
AT T, SR DA + bR 22 320R o

}»mﬁ
v

D-HPGHEUK <—| SSMBIliz \—»Mbso&%ﬁ 7K (I P A B4

IR | KB YRRR)
SFRLEE

D-HPG

B2 ZREHREY D-HPG TZiRiEE
Fig.2 Theprocess flow chart of D-HPG recovery

2 HERE5HMH

21 T

AL T (955 5 RO B R 4, S b
EAIAMER . SSMB Tl =, PRkl
AAF 2 m/(h 10 m® $AK), SRR, S
B B, WIS SER B 0 S B A,
s SRR AT E A SSMB, 1 BHI R 4 B 8K
RIS 5 B RCR MR . BG4 R R 25
TALEE, £ LR . MR & G, F
A SSMB [l D-HPG.

£ D-HPG Tk fb A=, 33 (i F SR W itk 47
A T R, MR, B4
JE BRI, SSMB 4511 57 1 foh % 7
W, BHEOTBREIEST pH YT, ARRAR Tk
A 7 his 4% 0 T AE AR

PP g e AL BRES SRS . D-HPG IR

Faf WK 3, SEsg SRR . Applexion NF200
Al Ande NF5 8040 4 & i ik B 4% b B )
D-HPG WCRHHY, #7E 98%L I, (A2 D-HPG
AEERER K, 0N 55%F 38%, XK
v 48 98 R X B R AR B F 190 o O AN ]
Applexion NF200 Xf (NH,),SOy i3 %R # 4, [F]

150

B Applexion NF200
B2 Ande NF5 8040
R
KR
X R4
< kx5t
— PEX XK
(KRR
1R
(KRR
ﬂ (R
(KRR
[RRXXK] E7X)
50+ (KRR )
KSSKSK ]
Sotetete 2553
R3] X
KRR K]
R3] X
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Fig.3 The purity and recovery of the retentate part of
different nanofiltration membranes
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i X} D-HPG R FE AR 5 Ande NF5 8040 A4,
K PEHE Applexion NF200 11 45 it 1 % i ik 3
YRUE N

AR A ECT , Applexion NF200 JE 5 & 1
AN 4 Fias ., SHeal SRR . s BoE it
2 Ja, Bme SRR R, RIUTGIE T IERBOR K
TR LRI, BRIk, SR Applexion NF200 %45 &
FER AL BERT , BE8E 2 (Ve dn LIS S S 00 R0%
2k BB 25 Applexion NF200 ZNUENE 2 1% v 45 4b
Ff5, D-HPG “F¥J& i 54 g/L, (NH4),S0, F¥)
FriE 74 g/l

100
\-\

80 '\'\.
£
g
E 60
@
40 \

20 i 1 1 1 \. J

1.0 1.5 2.0 2.5 3.0
HRARAEEL

B 4 Applexion NF200 @S2k
Fig.4 The change of capacity of Applexion NF200

22 BIEXI

3 T LA S 1Y 43 B ROCR 3 A, T
AR I B T3 S (03l 1.2 . D-HPG [#-NH, 4]
FI(NH,),SO4 A NHy 7 B 45 14 T 38971 1E i fof , {H
P M 25 S, TR ml R AR R [ 4 743
B B BEh MM I GEH AS D-HPG 1§
(NH4),804 &5 &, I H M M 22 5 i D-HPG Al
(NHy4)2SO4 7ER A o 13 B o AN ], AT 35 1) 43
EREHM

PAFESZIS & B XA2041Na 7R R IA W B
EERL, AE FLUR M OWCh R B A B, Wk
XA2041Na A T D-HPG [Hlii,

Applexion XA945 5 XA4014S0, 12K /3 55
W sh Fr e i 5 R 6 Bk, 45 SR R
Applexion XA945 . XA4014S0, W5 F B i 1Y XF
D-HPG FI(NH4),SO4 5555 B R AH 43510 16.0 F1
7.6, XFEH Applexion XA945 (1) BAFE /B 45 L HH
AL T XA4014S04.

60

- D-HPG
—— (NH,).S0,

0 5 10 15 20 25 30
i ] /min

B 5 Applexion XA945 B4y IR FiBh 1 £
Fig.5 Separation profile on Applexion XA945 single column

80
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60 -
=40
e
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B 6 XA4014S0, SB1E 5 B R M 3h 15 i £
Fig.6 Separation profile on XA4014S0O, single column

HITE 5. 6 HI15, (NH4),SO4 fEPIFR I F 1Y
W R it e AR RL, A BUAE 10 min, W TEY
41 7 min, {HFFREXT D-HPG W RE 1A TH
D-HPG 7£ Applexion XA945 B [ Ay = i BL T
14 min, W% 8 min; T7E XA4014S0, i i
LT 13 min, WETE 11 min, 165 H 0 AY IS i) K% 04
TR ES

PR AR X D-HPG W B fig 77 A [R] i g
FDIRER A &, 590 EBAM G Applexion XA945
TItig A R U | s A% Bl XA4014S0, Ty fig
B i TR AR B T . 7EFR T 45 1+ T, Applexion
XA945 (K AU EE X D-HPG H 14 52 JE 0 f 7 55
fifi D-HPG FI(NH,),SO, it 35 2 41 7 B 2R
A i ] Applexion XA945 & SSMB {43 & 41
FORMRAR
2.3 SSMB [ElU D-HPG

SSMB #ERERNE N Applexion NF200 £ € fiF 2
s 5 4 fh B . SCgR R, IR EIE R
BB SSMB 43 BROCR , 7320 A RIS G
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B X IRE IR R AT 00T, il @4y B B,
Bl 7 B

80 ~-—D-HPG
——(NH,),SO,
60 -
= 40
i
4
20+
0

71 22'(1) 22'(2) 23'(1) 732) 74

B 7 SSMB [ D-HPG i 4 & EiL
Fig.7 Theseperated chart of D-HPG in SSMB

K7 RSCigs R R . SSMB @ik R4 (f
D-HPG F1(NH4),SO4 i8I TARLF 5085, =4l
) D-HPG Z34i T Z1 X, B4l K (NH,),S04 53
i+ 23X, #id7E Z1 X4 D-HPG $EU
FE Z3(2) XU (NH)2 SO BRI, TR FI 45 & B ol
i D-HPG /Y H .

SSMB 4 H 5, $2HU T D-HPG 4133 & &t
h 63 g/L, FIAEH 42.2%F E 96.3%, F1Y
% REC ik 91%.

24 IExtt

X T ARG T 2367 X b, gk 2 iR

SSMB #EHURZ A . 45 Ja SR, Th
BABT Y EIRN 99%, i E k. 455
B8 T4 M BICR N 97%, PR T 257 S leR A
M BURBURRCE N 12.5 g/L B D-HPG /KIEH
W FLHEERE —1.784°, R SSMB [HIi T 20K
WA e S, D-HPG &4 MM T, %45
T 22 W pH, 5 FEFE LA L, HAE R
HAFRIEAD L-HPG, B T2 s s, s
WA, EHORE . PR BR T LA
LA, MRA A SRR BRI,
REAIR

B T A EKFE . SREFE . =L~ mh AL
(R o STl B T2 TR G R . A
Bl 1 kg D-HPG F=A: (R K 2 M 83 kg FREAKH
33 kg, KFEWEMIL; AbF 60 m® R AN
30 kW, FEREMMES T A0 15%; &R 1 kg

D-HPG JHFERIAL 2 AN 0.1 kg BiLRR, HHELIZSE
TZIHAE 1.5 kg $R1R, A=A hh THAE = 80/ o

Fk2 BEIZEHIZHEE
Table2 Comparison between traditional and new technics

BT 518
ETL &L 99.1+0.5 96.7+0.3
FER B (FHERIEY ) A FEA
PR T AR WA fHRAE
KHE (41 1 kg D-HPG F7 A% 33.3+3.1 82.7+4.7
K /kg)
AEFE (Ab3E 60 m® BRI AEHLE/KW ) 30 200
jg;;gfﬁ (BRI kg DHPGHT 0000 1524003
3 it

A E A L AT R G, B T NG
BRI D-HPG W 1.2, SESE IR T 2
AL, EELEE TSR KBD, BEIR T KFE.
REFEFIALF M AR, JF8Em D-HPG ()7 5 BTt .
T LSl D-HPG B2 RIEE, XFL
D-HPG JyH MR BT I HUR R 25 . N TR
AT HA B S

ARAFFEAFEN LT 2518

(1) FERRMAM T, T2EH Applexion NF200
V5 S 25 & B T4k B 9 B8 B, RES A RS it
(NH,),S04, I3 D-HPG, iAF|FF(R(NH,),S0,4
T, WUk D-HPG I H I,

(2) S IERT S T4 Applexion XA945 Xf
D-HPG A 8 I RE J1, ATAER SSMB HyIFEL
g

(3) ffi/H SSMB i R 5c, A8 L HAEE
17 D-HPG 435 . 4lifk, D-HPG #liEH 42.2%4
H R 96.3%, “FHBCEIE 91%.
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