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T pH X BRAS ] R . 25 SRR, T W 2E 2,4,5- = R FE-6-F2 FEMENE O IR 5k (MK I, 24 n(2,4,5-
SR KE-6-FRFEMEIEBRIR EL) ¢ n(WEREH) : n(N-WEEEKFEE-L- A A )  n(=&WM)=1.2:1.2:1.0: 2.6 i, Lk
PO T F IR S AR AR AL T, [ BLIRSE 40 °C, 7E pH N 2.5~2.8 Fll 3.2~3.5 4 FIKIK M 3 h, 153IHEHH
b, BUEHUN 72.81%, WNEEAN 82.22%. FHERBRNT M MRAR S ATRAS I, FHAE pH=8.5 (W25 T HEAT BlkS i,
BABBIHE N, FRESBN 97.69%, IWEH 66.35%. MERTAAGTE, %126 &M Bz in
6.18%, H/KERB T 33%.
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Synthesis process optimization of folic acid

ZHANG Yingzhou, LU Lu, NIU Pengfei, ZHANG Bao’, SONG J jan"
(School of Chemical and Engineering and Technology, Tianjin University, Tianjin 300354, China)

Abstract: In order to optimize the synthesis of folate from 2,4,5-triamino-6-hydroxypyrimidine sulfate,
reduce the water consumption in the reaction process and improve the selectivity of folic acid,
2,4,5-triamino-6-hydroxypyrimidine sulfate was pretreated with an equal amount of potassium carbonate
before being used for the synthesis of folic acid, and then refined to prepare folic acid product. The structure
of folic acid product was characterized by HPLC, FTIR and 'HNMR. The effects of alkali type, reaction
temperature, reaction time, reactant dosage, phase transfer catalyst and recycling of the resulting filtrate on
folic acid synthesis was evaluated, while the influence of acid type and pH of alkali refining solution on folic
acid refining were explored. The results showed that pretreatment could effectively improve the water solubility
of 2,4,5-triamino-6-hydroxypyrimidine sulfate. Under the conditions of n(2,4,5-triamino-6-hydroxypyrimidine
sulfate) : n(potassium carbonate) : n(N-p-aminobenzoylt-L-glutamic acid) : n(trichloroacetone)=1.2 :
1.2 : 1.0 : 2.6, tetrabutylammonium bromide as phase transfer catalyst, reaction temperature 40 °C, and
pH=2.5~2.8 and 3.2~3.5 for 3 h, respectively, crude folic acid with a mass fraction of 72.81% and a yield of
82.22% was obtained, which was further was refined with hydrochloric acid, and then alkali solution with
pH=8.5 to obtain folic acid product with a mass fraction of 97.69% and a yield of 66.35%. Compared with
traditional process, this synthesis process increased the yield of folic acid product by 6.18% and reduced the
water consumption by 33%.
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MR X4 4EE E BY, JE ML IR IS WA A
WA MERRE TR 2, TR N2k,
HXt pH B2 Al U BRYE SR 2 g o
MR R — A M IS R, S5 AR E A
FERR A, DA RemgnE | RS RN 2 H AT S- AR
HHBLZER (SAM) A BN, AR R 7 =
AREFEAM 2SI | G Uine TS
OBV E— RPN, Hk, R R AR
Al ER R L IR AR, IR AR B 2
BRSO b R, AR R
ERFLEAWIIE R . FTLL, MR A LT LS
HAEHEEE L,

HAET, MEREEWRTIEEZR S F. (1) 2-7
BNl N-XF 2 R B E-L- 4 24018 S i il 45 —
WSS B A, xRS 2,4,5- =2 5652
S5 W T S 7 RV T A5 L R L RS R R
Fhy 61.7%"M, Z T, - EEN R KR
., HAFSS S, SARMEL s, H
FHZE TR (2) 23-2 0B S N-XF & 5L
P -L-A 2R . 2,4,5- — 2 Jk-6- ¥4 JE W g it iR 46 7E
LRI TR ENGE s b R A5 BHL S IR, RS S
IR A 36.9%!", 1%k BT IR AR KA
B AR A R P 2 Ik (3) 1,1,3,3-TUH AR
Fe-2-NEEYS N-XF R H -1 -4 208 S A5 310
gipgmrhiE R, ZP RS 2,4,5- =2 5k-6- 0k
W W U 5 S A5 B R, RS LR ROCR 2
65%, Z 1.2, 1,1,33-IUH &3 2- Mt e, S
ok e A, BRI Tl b ek KU R A1
(4) HilY 2,4- & F-5- WAl 3 -6-F2 KL mEIE K A B,
ROV, AR A 2-24 -4 58 - 6- Sl HH I E
ZP RS N-XF 2 B - L -2 S S R A 3
MR, K6 BCRZh 43%)) T2 RfA
W REFEOMS, ARG RAL, Tk 20
FAAETE b5 (5) RA=4N M . N-X 2 568 B i -L-
BER | 2,4,5- = FFE-6-F2ILMENE R RR LR A 5ok}, 7E
K R R B AT A B R LR S R R
60.76%", Z T L EA R 1S . BB E
SN S 25 Gy i S L A AR AP AR AE JROBH A 28I
AR TERKER, =R ZENE, REFELRE0
2E R, At —2 k. ERMTRE R T Z
WAL L M A a4 v 1 S R 3 AN R A ¢ —
BIk” RN, R

ARSCHNEE 2,4,5- = 54 I -6-F2 W5 NE A7 PR £ 15 4%
Y i R R AR A K P R N, ARE] 2,4,5- =4 Hk-6-
PRI E KT, PRV N-X Z 3

BE-L- 208 . — SN . £ R S T N,
BIEHRE 2,4,5- =2 Jk-6-FFhms g K 36 M ) [R] A 1k
FEEYCR B, K 2,4,5- =& HL-6- R mEE
FEAR PSR, K SRR < =R e
o XKL SR FHAMRIEIEA T 00T, TR IRA i
14 J3 2 0 BIORISCR. 3l B0 5 Sk il A X R 2

FIFEIR o 25 SR il 7 0 6 IE R 7= b R S ), I Ik
T LT R AC TR AR ER R, DASE B 7k
B CENIHE . SBCRE R, FEARIER H I,

1 SRIGERSY

11 RAFENEE

N-XF R IE-L-A 2R . AW . 1T
FLRACEE | BRIREN . TRIRET, AR, KA REHEE
R A BRA T s 2,4,5- = 5 Fk-6- 52 FE W5 IE B R £h
(i 4k 95% ). WU T 3500 (i 74K 85% ),
AR A RN ; =& AEKER (RS
] 65% ), BEUET NG TAHRAR; SEIL. %
BEFK . WRERER (B8 36% ). WRELIER (i sy
#98% ), AR, REITRITHARBMABRAF .

LC-2050 AU @20 Ml %4 ( HPLC ), H A
Shimadzu 72\ &) ; Avance I & &% w4 3£ 3§ I 3% 1%
(NMR ), FE[E Bruker A #]; Nicolet iS50 U4 H i
AR LT AN EY (FTIR ) , 3£ [E Thermo Fisher
Scientific 2\ &) .

1.2 FHik

W = SR IR K 7R 00 i B 4G Al 153
IR 84% — F N R /K T
1.2.1  »FER 895 %

TERA R, AU BEFER 500 mL =
JMA 4.00 g (16.72 mmol ) 2,4,5-= % F&-6-F5 FL WEIE
FRBRER A 200.00 g KB F/K, RELERE 40 °C,
FINA 2.31 g (16.72 mmol ) BREREN, HEPEAR)G,
RENEW A

VAR A A 3.60 g (13.52 mmol ) N-X}4
FERH I -L-AE R . 6.75 g (135.13 mmol ) Jii #4344
A 84% = FHNEKIFEW . 2.00 g EHRE, K5
PRI N T 5 040 10% TR FR BN /K W, I SO i
Y pH FRETE 2.5~2.8, N 3 h, B 05 43 4%
10% A R S 7K I, i S L MR pH ARUETE 3.2~
3.5, JFRN 3 ho ROWEHR, g, WEEMRE IR
FITE R TR R SL 56, JEVFZE 20 mL £ B FK Uk,
15 300 B B o B, 23.61 g, [ 25.16%,
AR 74.11%, WK 73.78% (L N-XF2 K
fE-L-A 2R i ik, R IR Do HA a2
TR
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HZN\rN ~NH
|
H,N X NH,
N\[(VLNHZ i + KSO, + H0 +C0, 4
e} + OKCO, T~ N NH,
?
HO—s—OH
3
HN._N__ NH, o HN COOH H;N_ NN
R e e o
NH ;
2 T A H
a O COOH o 0 N
O COOH
1.2.2  »FBR 89454 dg) . LAPOH FEREBE A NFRIL . HPLC i .

FERATREETE . MBI PER 250 mL = iR
A FRHLAS 23.61 g, 40 mL FiH 2040 30%E612
£ 50 °CF-%F 30 min IR 72505 %, SRIE A
120 mL B F/KHr IR Sk . AkZE4H 20 min,
fhUE . 20 mL KB FOKPE%, RIATA5 200 R % RS
HIHLA 16.78 g0

TERATREETE . MUMIRFERY 250 mL = D
T A2 A RS hHL Y 16.78 g FI1160 mL 2285 17K ,
JNAAZE 80 °C; TEIZREIE T, WM R4 30% 5
FALEK R R pH 4EFRTE 8.5, I 1 B I8
SRIG, TN 0.2 g TG PEAAR IR (2 30 min, &, 4%
PEWOM BB A R . MU SRR 250 mL = R
o, AERIE IR EETE 78~80 °C, TMNT 3% 30%
RER, VT pH FEAE 2.5~2.8, KRR 30 min,
FES R, HhiE . 1 40 mL 80 °CEE /KRR . 60
CCH.ZE T 24 h, 1R EOIRR™ 5 3.87 g, Bt
E97.55%, WK 63.26%.

1.2.3 JAR £

TERAAIREETE . MUBEHEAY 500 mL = FfEH,
A 4.00 g (16.72 mmol ) 2,4,5- =28 Fe-6-F2 FEWENERR R
£h.50.00 g ZEFOK, IRELERE 40 °C, FMA 231 g
(16.72 mmol ) BRIRH, FIrINIfFHIA 150.00 g
IR B UG (1.2.1 775 ) A13.60 g (13.52 mmol ) N-
Xof G R B E-L-7¥ 2R . 3.38 g ((17.58 mmol ) Jii it
IR 84% = FINE/KIER . 1.00 g VAR ;
SR I TN BT £ 50K 10% B IR 414 7K 7 R 1 s I ¥ T
B pH 43 FaEAE 2.5~2.8.3.2~3.5, FELL M 3 h,
ROZEH, g, WO R R BB TR A S
5, UEUFZ 20 mL KB KRV, 15358 AR
LA 25.14 g, [ 23.26%, R4 74.32%,
W& 72.82%.

1.3 LR

FTIR M 76500 T BCA 38 BT it i ARl ) 1 4%
fifi I ATR 3085 20 H FTIR 3% /51 . "HNMR 3 -
B 0.6 mg FEET 0.6 mL 5/t — H LK ( DMSO-

Agilent zorbax SB-Aq A%t (4.6 mmx250 mmx
5um), UV 280 nm Fxill#%, #Hil 40 °C, Wik
1.0 mL/min, #EEERD 10 pL; oA A N 4.0 g iR —
FHN+15.6 g FiEMECN 25% 00 T S A ik T
W+200 mL HPE+1.8 L 4fizK ( 1AL sz /K I3 pH
5.0), WA B R HI I BREEBEMLA AN 1 FTR

# 1 HPLC MEWE&1

Table 1 HPLC elution condition
A fE] /min RSB
AN A Ui sitH B

0.01 72 28

5 72 28
15 60 40
25 60 40
30 30 70
30.1 72 28
35 72 28

1.4 RMEERMLEE
1.4.1 WERG A

PRFE 1.2.0 W B BRI AL D IR SR AR | 25 5%
BRZERY (BRFRER . BRIREN . BRIRER ) Xt WA i Y
JoT 1 3 EORSCR A 52
42 BURIB ¥R

PRFE 1.2.0 W B BRI AL D IR SR AR | 25 5%
KRR (30, 40, 50, 60, 70 °C ) X H-FERHLA Y
JoT 1 S EORTBSCR A 52
1.43 BB EHE 8% 8

PRFE 1.2.0 W B BRI AL D IR SR AR | 2558
FVEHE] (3. 4. 5, 6. 7. 8 h) XML Y 5
BRI A 5
1.4.4 A B ey ¥ e

PRAF 1.2.1 P BRRHAD 7 B S5 AR | 5%
M p(N-XF G R -L- 8 R ) ¢ on( = AN )=
1.0 : 2.6 B, n(2,4,5- =2 Kk-6- B ELWEIE B R £L) -
n(N-} @B P BE-L- 5 2R) (1.0 : 1.0, 1.1 : 1.0,

—_—
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1.2: 1.0, 1.3 1.0, 1.4 : 1.0) X FA & A9 B & 43
L&A
1.4.5 AasEBIELA 69 % h

FE R 1.2 WONERE IR, AN IS AL 5
AT (U T b ey . U T RS ) X R
s P8 5 2 A ORI IS8 B 52
15 EHEEEERK
1.5.1 BREAHA

YRR 1.2.2 Wik b IR, B R S R miie(
HEL 20% ). ERIR (JBTHEEAMEL 30% ) ) KR 7
i A ORISR A 52 ]
1.5.2  pH I

FERE 1.2.2 WOk, 2408 pH( 8.0, 8.5,
9.0, 9.5) XF MR ;™ iy JiT 1 43 BRI Y 5 ]

2 HR5H®

2.1 FRLEHH
2.1.1 HPLC 4#7
1 Ay IR A it RN I R B I A 9 HPLC 35 1A o

R

- RO

A

0 10 20 30
FR B I ] /min
Pl 1 iR R AR U S ) HPLC &
Fig. 1 HPLC spectra of folic acid

E 1 RTRLE R R R R B o i B
eI X8 9.81 min, PFRRHLA ALERE R 74.11%,
TR A T R
2.1.2 FTIR 4 #F

2 MR FTIR & . MWK 2 ifLIEH,
3542 cm™' b P N—H A9 4 PR sh il s 3412
13320 cm ' A AR N—H {0 45 3R S i g
3100 cm ' Ab F MR IS R A BR | C—H MR 45 4R 30 5
2924 e A A F AR BRI R SR S0 5 1687 cm !
by C=0 HE B A 4R SR 5 1635 em™ &by i
i 35 T B C==0 S A0 1 455 3R s W i 5 1568 em™!
bR i N—H B2 TEIR SO 5 1602, 1482 cm™
Aab Ry A I A i iR S W 5 839 em ! Ak AR
PERIEIR C—H WASTE AR S . 5 R i bk
#E FTIR 1517 —%,

3412 3100

1635

1687 1602

4000 3500 3000 2500 2000 1500 1000 500
BB/ em™

K2 MR FTIR 35
Fig. 2 FTIR spectrum of folic acid

2.1.3 'HNMR 4-#F
& 3 HHER A "HNMR %K .

15
Oy, OH
6 :
OH
HN Nj/‘\g 5 4 (o]
H,N)\\ IN/“ 9 7
13
11 56 78 1
9 10
4
13 14,15 | lf 3 h‘z
13 12 11 10 9 8 7 6 5 4 3 2 1
J

B3 MR THNMR 3%
Fig. 3 'HNMR spectrum of folic acid

M 3 A[LIEH, 6 1.86 (ddt, J=13.8.10.2.7.2 Hz,
1H)H1 2.00 (dtd, J=13.8. 7.2, 4.8 Hz, 1H)5> 5 Mg
Witk 2 A7) 2 4> H; 0 2.27 (t, J=7.2 Hz, 2H) A & i}
BE F 1A 24 H; 64.29 (ddd, J=9.6. 7.8, 4.8 Hz,
1H) Mg %E E 3 A7 Hy  4.44 (d, J=6.0 Hz, 2H)
10 v B 3 2 A~ 6 6.60 (d, J=9.0 Hz, 2H)
SRR 7 A8 i 2 4 Hy 6 6.83 (s, IH)H
12 {7 8 H; 06.90 (t, J=6.0 Hz, 1H)>~ 9 {37 Ay H;
6 7.61 (d, J=8.4 Hz, 2H) 435l A A ¥A I 5 0 Fl 6 3 1) 2
> H; 08.08 (d, /=7.8 Hz, 1H) &y 4 {ii LMz H; 6
8.61 (s, 1H) i 11 i) H; 6 11.40 (s, IH)R[HEN 14
15 AL ERFERY 24 H; 6 12.29 (s, 2H) W 13 i |
AHEM Ho U LESR5HRLHYIE, RIID)
BT R
22 RMNEHERUHER
22,1 mERGH R

& 2 B 2 IR RO 19 O A A BRI Y
S

M2 WTLLEH, DABRER R BS, HERRH i ()
JRESH (74.11%) AR (73.78%) B0 T IREREH
FIBREREE . Rk, ARIEHARERE .
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Table 2 Effect of alkali type on mass fraction and yield of
crude folic acid product

T (1) 2 Y i 550 % /%
TR B 74.11 73.78
TR e 73.16 65.63
T B4 70.89 40.03

222 RWREWR®
2% 3 Ay 0 gk X I R REL it A SO 3 ORISR
Y52

P3SN EE XS PR R BT 43 BSORITSCRE 1 5
Table 3 Effect of reaction temperature on mass fraction
and yield of crude folic acid product

SN /°C BT 535/ % /%
30 71.59 59.64
40 74.11 73.78
50 74.67 69.55
60 68.37 64.38
70 62.45 54.69

M3 W LUE N, BEE R TH R, R
RLAH AR SE TR R B . S ORI D 40 °CH,
I R A P WSO E T JFC At 3L 2% 1 i A+ 31 114 25
R RN, B il BEAR 2 5 BN R A
e AR R) 52N B[] P 2,4,5- = 2, 35 -6- 2 5 % W L TR
o VX SR - LA R A = S T R AN RE A T
SRR, PRI, P TRORL A SR AR 5 T e AR A
& MR A R BRI S . R,
PLRE S LR 40 °C
223 RLEFIE) 6 %A

T 4 Oy ST A ) I ROREL At B A ORI R 1Y

A

F 4 NI [A]GS HFRREL 4 S5 2 BRI A4 5
Table 4 Effect of reaction time on mass fraction and yield
of crude folic acid product

S I 6]/ B 45U % R /%
3 73.67 64.51
4 74.19 69.92
5 73.85 71.26
6 74.11 73.78
7 74.28 74.29
8 74.06 74.46

MR 4 TR, BiE OV A IR, R
HEL A O B B A B AR AN K, T HCR R e, 24
RS EEK 2 6 h BF, ORI KA &, Hit,
P KR TE] R 6 he

22.4 hAEL IR R

M F = &N [ B A e K, R A R T
2, RN TS T RN, REE n(N-
X2 BRI BE-L-45 2R ) « n(=FAWNHEI)=1.0 : 2.6
B, ampy —EJNI SIS 2,4,5- =2 5-6-78 5
WENE AR R R A BRI N . R 5 N n(2,4,5- =& F-6-
FRILWERERTAR L) ¢+ n(V-XF & JE K B Ik -L -2 &R ) X
At PRAHL i JB o A RSORS00

5 WPRHEC HoX i AL i J5T e S BRI 1) 52 )
Table 5 Effect of material ratio on mass fraction and yield
of crude folic acid product

n(2,4,5- = 2 B-6-F ELWERE R AR ER)

VAR L TR
1.0:1.0 71.58 69.49
1.1:1.0 74.79 71.94
1.2:1.0 74.11 73.78
1.3:1.0 73.35 74.21
14:1.0 71.89 74.37

M 5 ATLIE L BEE n(2,4,5- =2 F-6- Y2 FEmE
BERRIRER) © n(N-XF 28 38 28 B It -L -7 2 R I 38 K
A S RO TG i, 24 H>1.2 0 1.0 B, IER
FLASCRIEIR . . I, ik n(2,4,5- =2 JE-6-
PRI MR DE R R AR )+ n(N-XF 2 2 2K FH G -L- 4 &R )=
1.2 : 1.0,

225 AAEBELN GG

2R 6 RN 4 Jp ASINB A0 AH e 7% 44 Ak 6 - i A

i B B A BRI R B RE

6 R RS A AR XS I FROREL it S5 43 BSORIISCR 1) 5 i
Table 6 Effect of phase transfer catalyst on mass fraction
and yield of crude folic acid product

HH % RS AR AL 51 o5 % 2R /%
¥ 74.11 73.78
T R A 74.58 76.81
DT AR A 72.81 82.22
3
12 4 s THEBALA
3
’ 4
1 4 5 WTHEE
3
12 4 5 PUTHRRALE
0 10 20 30
4 83 B &) /min

K4 AICHER AT 1E T s iR A ) HPLC 354

Fig. 4 HPLC spectra of crude folic acid product obtained
without or with phase transfer catalyst
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MF 6 FIE 4 ATLIE H, MEBAELRIR A
AT LA R o R AL S SR (82.22% ) HiFi a4y
R 72.81%, S ERMLA S 2,4,5- =& 3-6-%
SRR AR GRS (4 9 1, 2 %) HEOHIE%
FEARALT B s d > . X ATREER S, kS S
FLRE B 2,4,5- =54 3k - 6- 30 5 1 W A PR 7 A 7 RS A
PR VR R AT LS A K 8 S R kA 7 2404
FR, Atk 32 SR R AT, DA kA B S N ) & A
P H SRR MMA P T R Rk 8 B A5 i R
o SRR T 00 T 3 & ik ey, ik, Pkt B
A0 A 0 T R Ak A%
23 ARIEHXTEE

FELRFRAR R RN A5 1, 5k 1Y) B oy ) 4
FEG T2 RIAR SCA T 43 e AT R A B, &%
Wk 7 s,

R T OAIE G T 2R - FR RS 5
Table 7 Effects of different synthesis processes on mass
fraction and yield of crude folic acid product

AT Z SRR 5% /%
BF& T2 75.34 67.60
AXTY 74.11 73.78

G T L, ¥ N-GHa 28 1 BE-L-75 4
fii | 2,4,5- =8 FE-6- L IEMIE R AR L . = ANEI—IK
PEINA B A AT SR, S 465 3R A PR AR R 10 47
FRRE i , 7E pH=9.5 T JE4 7 H60AE il 75 21 R 7= iy o 1%
P B N 2,4,5- = G H-6- P2 FE WS IE BT R £h v
WK, BN OV A AT N W A, A AR
B R AE BRME S R MR Tk, S AW
e, AT 2,4,5- = A B0 HE W NE B R Eh Bl A
#, TRMHE S5,

MW 7 WTUEN, SESEER T ML, A3
T A AT EAH SBCR I 6.18% X 1] BESZ A
A, 2,4,5- =R F-6- R FEWEE A M H A FHLES,
AIHMHBET BRI R, H 2,4,5- =8 H-6-F 3L
WE S o7 PR AR R B RS R B A T
PEm T RRALT R A, SRR T 2T
MR A AL, FIr KB Wl /b, 4% T2 kg
JEHEN 2,4,5- = E F-6-FR I MENERR FR LAY 75 %, M
AT LR 5045, HIKEIA T 33%.

24 FEHIEREGRLER
241 BRERNHH

F 8 MRS RN IR 7 i () o e A BRI A
AT

N 8 TLLE I, defEEhBRIE AT IR A Hil A3 21 1Y
PR 7 5 B A3 8 (197.69% ) AR (66.35% )

Ci=/

8 RSN IR i 14 J5 e 3 BRI UL ) 5 )
Table 8 Effect of acid type on mass fraction and yield of folic
acid product

gl FTE 550 % /%
B lg 97.48 61.23
g 97.69 66.35

W4 T A5 PR R RS I UF AT R, SR A
W, FEYREATRS, SRRNEREKTRR
MR AR . AR T2 AT B & R AR, 148 ] ik
DRI 3 A NaOH FTHAE
242 pH#M¥%H

2% 9 S pH X IR = i A S A BORISCR A S I

O pH X IR il B 23 BRSO 19 52 )
Table 9 Effect of pH on mass fraction and yield of folic acid

product
pH i 50 % /%
8.0 97.36 62.56
8.5 97.69 66.35
9.0 97.07 66.74
9.5 96.34 65.98

MR 9 T LIE Y, Y pH=8.5 i, MR ™ i
(5B B (197.69% ) Kl (66.35% ) BT
fib pH 554 N RFAS 258 . X T RES2 N, pH fRAKHET,
TR FE K P RN BE S8 A i, 3 B0 o i R B G
PESRIEB . 24 pH fw i, #432% 55 g [m] i i
FHwh, RS T, SRR
T R . PRI, ZEBRORG AR, IR BRI
pH=8.5,

25 REEALHEERSH

210 4 3 R UE AT IRAS B (14 0 IR L b 1) S5 4

G &

10 AREPRUCHCT M B Y B BORIR
Table 10 Mass fraction and yield of crude folic acid product at
different recycling times

{ZEIRVS 4N St 538K % /%
0 72.81 82.22
1 69.55 81.19
2 65.47 71.57
3 59.76 71.46

M 10 WL, fEIRIEHR g,
50% FH 4t 9 = SN R I AS 22 X0 i A5 I TR it B4 A0
PRI, kAT BEIE N, BRI OR O Y
ZANMZE T IR A . (PR 6RO
WZ, WRRRLA A U 2 BOB AR . I, DB
TP AL AN 2 1K
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