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Abstract

Using the heavy metal barium ion content of the extract as the evaluation index, based on single
factor experiments, a Box Behnken experimental design was used to conduct a four factor three-
level response surface analysis on the type of extraction solvent, rinsing temperature, solvent vol-
ume, and extraction time. The results showed that the order of influence of various factors on the
extraction rate of pigments was as follows: extraction solvent > rinsing volume > extraction
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temperature > rinsing time. The optimal process was as follows: n-hexane was used as the extrac-
tion solvent, rinsing volume was 89 mL, extraction time was 78 min, temperature was 162°C, and
the predicted content of heavy metal barium ions was 480.48 mg/kg. According to the verification
experiment, the average barium ion content of the pigment is 479 mg/kg, which is basically con-
sistent with the predicted value. This study demonstrates the feasibility of optimizing the pigment
extraction and separation process in ink using response surface methodology, and provides a theo-
retical basis for the extraction and separation of ink in practical production.
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ME[2][4], TREEZERBGRNESRSE, MK GB6675.4-2014 (Tt 245 4 #5r: FEEm
R[S ES R AT, WAREEGE S RIGE, AR EYSTESRRIERh R, TikEs
FISERNEBEE . Rk, W70 S R R R L B T2 B R B

i ¥ i %:(Response Surface Methodology, RSM)&—Fj S H |32 S 3e 04k 77 7%, B Re A RUbuidi
WE 2 T RGN IS, BT BRI AT, 4558 S0 AT AR BRI TR [6]. AR SCRA 4 H 3
R ICHR B SR HH 25 (kL I8 I 20 70 ik SRS DI B SR Hh 4 R S T T B R VRN R 1
W%, BN ZRSLIOHEE T I AR . SRR B RPN (A6 & R AN B FIE R & e . SR A Box-
Behnken SEE6 1156 & 800 BRI 32 HEAT DU DR R = KF o0 ir, 1fe SRR ISR 1R, o BoniE s it T2 2% A%

2. SLRERSY
2.1. (XRS5

PerkinElmer HL/BHH & 55 55 T R Y615 (ICP-OES); & ST8000 4= H #h & [KFE I ; FEER K iS10 f#
HIH-ZL NG RE AL FT-IR; MR EIFCA 2 1 K57 IEPR ke, 1E ke, FEE: o, 0TBds T35 B
THERVA 0.14 mol/L; HUFRAEA 1000 mg/L: THT 223526 B M .

2.2. SEWFE

2.2.1. HSEHIE
FREL 0.5 g 28, “PAIEERLN 60 mm FIEMEIEA L, BANRKERLSCH, MA— R,
WOEIFREE, WhIsMkse, SRS RS EAR, 7F BB XM T R RIEFIE R, B8 TERHIREW .
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222. GRHPEERMBEFIRENNE

FIA 24 TR R T & 25 £ I (3T £2) CHIZKIZ B B IR RE, BRI 51RAY, RED
TE R B IE KNI, TEIRA Y PI4T35 & 25 5 iﬂﬁi‘y@uz)t c(HCl)?ﬂ
0.14 mol/L [ FRIEVR, #3) | min L EREWMIREL, W pH KT 1.5, W—aEshiREY, —LiEH
TAANZ) 2 mol/L IR ERIATR B 2 pH 1A F] 1.0~1.5,

KRR, fEREZ NEGT£2) CRAWRY 1h, RFEGT7+2)CTHEE Lh. ?ﬁ%iﬂp’{d‘ﬁbm#@
PR TR R0 85 S FH I I i B8 98, SR AR 75 ZE7E 5000 g 5 1F R B0 Iy NAE BT
BN 1A o e AR e

2.2.3. PREARSIE

DABIR} G R RS T T B s VPN R R, B T ARME RN E S EIE IR RN, B
DA 20 T, KR T SR A LA M B A, S A G SCHR[7]-[9], TR ZRIEHE T JEAR IV 77 1E e Al
IEBEkE, A7) B AT 2 IR AR 205108 40 ml. 60 ml. 80ml. 100 ml; FEEUIEE /354 120°C
140°C. 160°C. 180°C, HREXHS A4 %I4 20 min. 40 min. 60 min. 80 min, HRIEINE K EE&BIE 7K
IR, BURKMEMHE M =AM, 15817 SR EE =K,
2.2.4. MR ERALSELE

TERRR 2 SEI0 5 |, I Design-Expert13 {45 1) Box-Behnken i1 VUK 2 —/K-F505, @it
Wi 1 [ T 2 AT AT 25 A AL, B SRR SR A, R BAIEAR AL 25 F
225 ERRYBTFIREEESNEE

BB TR UEVE O £ B 7K BEE 0.02 mg/L. 0.10mg/L. 0.50 mg/L. 1.00 mg/L. 5.00 mg/L. 10.00
mg/L, F2IE MM RE > 0.95,

T*E?Eﬁﬁ%fzﬁ%“ TRV, A ) LA 5 55 B8 TR R SOETE A (ICP-OES) B AN 73 Ml A v i, LA E
LRI

2.2.6. FT-IR ZI9MEEI SR
A3 BB IR AR U AR % 2 mg, 5 200 mg KBr R4, BB EBbIR . A SOCIMRE, T3

A, RS SN EIE R, 152N R M .
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Figure 1. Infrared spectra of pigments and extracts
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85 WY i o B R SR NSRRI [10], AELLAMGIERAE 1720 em™ BEIT B 1 B SO0 AR RPALE R S0, Bk
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3.2. RRERHIE

KR RSB TG, SRR EE AR e 2 i) b b, 5 il SR T v R SO et

TR AT n =3 IS RN 1, THEAE RS S EME

Table 1. Content of Soxhlet extract

=1 ZRAREYNESE

PATHE 1Y SR &t
1 28.6%
2 30% 31.0%
3 29.7%
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Figure 2. Single factor experimental results
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4. MM ESCEEH T RREGR

K Box-Behnken #7524 ¥ it, f# F] Design-Expert13 B {45 SLU6 Bk #E4T 08, B EIPUK R =K
SRR ST T AR, P CADY PR 3R =K N SR A AT SRR, X S0 i 3k AT AL B A BT

MRAE [ 2 AR R s, FELACPIE R, HREAN HOR 3R IS AR, 5 RS B R 1 35 1 &
ARERRE, —AKFEFERRE. EREMIECK, WP 60 mL. 80 mL. 100 mL, #EHURER
140°C. 160°CAHI1 180°C, JZHUHS ] 40 min. 60 min. 80 min, [EKIN_EEFIFIE R HNEPRE. EC
B AN, DY PR 25 =P i L TR SR 50 BT 7 S8 3% 2.

Table 2. Response surface experimental factors and levels

2. MERzHE S E R Ak

SN
7K . — . N
B EFIARAR /ml REGEE/C FRHUT (] /min
-1 EFEEE 60 140 40
0 A=Y 80 160 60
1 F s 100 180 80

HR#E BBD J5i% R #, ££ Design-Expert13 it DU RI3R =K P A9 S8, BRI FATIIE 3 I,
SR TT R ARG 3.

Table 3. Response surface experiments and results

3. MNESEE KRR

DM ast 5 AR /ml LI 8] /min REGRE/C EERIE TEEE/me/ke
1 IECkE 80 60 160 471
2 ECkE 80 40 140 458
3 EBESE 100 60 160 475
4 ECt 80 80 180 475
5 EBEsE 80 60 140 467
6 ECbE 80 60 160 471
7 F 60 60 160 440
8 IE Ok 100 80 160 471
9 ECkE 100 60 180 464
10 FH 100 60 160 442
11 ESkE 80 60 160 470
12 FH 80 60 180 449
13 ECki 60 80 160 464
14 IECkE 60 60 140 451
15 A 80 80 160 448
16 A 80 60 140 438
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17
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23
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1E B A
EC ke
EC
IECHE
ECHE
1E B
ECkE
I
1ECbE
IEPEkt
IEPEk

80
60
100
100
80
80
80
80
60
80
60

60
40
40
60
40
40
80
40
60
80
60
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160
160
140
180
160
140
160
180
160
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PR S5 485 TR T 55 H B BB K 7 22 o b SR e 4, B ER p ABARERAZ IR 256 i I ) 52 i A2
fE, p<0.05, RFHWEE. PHEZEWZLIRRHFIFE R CEIEL, R pE >0.05, R KRR
FEAE, HAEBRCOR, SCBCPEMRES, 3¢ 3w SoRiRHGA R ARSI (M DGR VE LSS, WA R
FIAFRCIHEE SR . F {EAR T B K 0 i SAE A5, F AR, S BB R SEmi K, 5 4 1 F HEE S
TRy % DR X I RLAE S MR A A TR > SRECEIE > SREUN TR > VAR, AL p {H <0.05, Bt
B R I, AT PR R E R & B i R B BRI R R B BAEH, p W E >0.05, A&
EAERE N BARENVABA 3 SR It R AR G2 FA R, EEAEE, KRPIAEE, KIE
ZH A R?=0.9599, R?>=0.9815, HJFRBEA 0] DARGFH B seG 5 1, HRAMA E RIf[11], BA—

ERZH A

Table 4. Analysis of variance results of regression model

4. EABERMBESTLER

Ji FERR P57 ¥175 F A pfE TEM
it 3301.60 235.83 45.46 <0.0001
A-TEF 1976.33 1976.33 380.98 <0.0001
B-I# AR 108.00 108.00 20.82 0.0007
C-HEHUT [A] 126.75 126.75 24.43 0.0003
D-$ UL 290.08 290.08 55.92 <0.0001
AB 49.00 49.00 9.45 0.0097 significant

AC 16.00 16.00 3.08 0.1045

AD 16.00 16.00 3.08 0.1045

BC 0.2500 0.2500 0.0482 0.8299

BD 6.25 6.25 1.20 0.2939

CD 49.00 49.00 9.45 0.0097

A2 392.93 392.93 75.74 <0.0001
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B2 327.26 327.26 63.09 <0.0001
Cc2 4.90 4.90 0.9442 0.3504
D2 222.45 222.45 42.88 <0.0001
Residual 62.25 5.19

Lack of Fit 61.58 6.16 18.47 0.0524

Pure Error 0.6667 0.3333

Cor Total 3363.85 not significant
R? 0.9815

Adjusted R? 0.9599
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Figure 3. Response surface plot of the influence of the interaction of various factors on the detection results of heavy metal
barium ions
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T B LRI L 2 A BUE A IE Pk, WREeAF 0 89 mL, XA 78 min, IRFEN 162°C, W&
HH 0 B 4 SR AL ES 1IN & 480.48 mg/kg.

5. BFSCIG

PACAL 5 B e L T2 A0 i s R IRER S AT S0 E . MR M IEPESE . 89 mL i FIAA. 78 min $2
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HUEFTE] . 162°CHEHL, MBI ESENE T&E, SR n=3, SR NLE 5. g50RKH, I
Yy & R AU T B IME N 479 mg/kg, 5 TIIE 480.48 mg/kg FEAFFRF; RSD N 0.42% < 5%, =
WRE 7 Vs R e M A, R S T A B T AR

Table 5. Verify experimental results
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