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W, TERURIAE S A8 SO i I e R, k2 aZ S5 I U (R SRR S A A RIS VE ) B
JERLET SR, 2 JCHURAS IE (MSC) 776 AT LRG3 i B B OGRS 2 RS B AT A 30 55,
DL REATC RIS Y X 6% 40 BT B4 5% i)

THERL IE SRS ) T

— 1 n

A = ;;Aw‘

WAL PEI T, SRAGFARE m, Flb.: A, =mA +b,; FHEEZICHETREALHE
(Ai, - b,:)

A e =
i MSC) m

A, i=1, 2. n, n NFESEL jRIRER UL A, GG AE R
1.2 EFHHoH

TR AR (PCA) S5 vas 4 1) B R A T R e b B A D e 22— B SRR i (i ) AT i e, s &
SEJFAS R A A, TR A B LA B A e R A S A i () B R I R 5 55 B PCA K6
Ve A FE s R pIE =, Bl X =TPT, Hih T =4, 1,1, | NARMHERE, P =[p, p,-- p, ] HEATHE
M, A p B —A ERT S ERF(PC). Frasi (R EM5) Z BAHE IESS K Z, o] T BRAE &
HIAE A A3 I 2 (A B S I X i A TR M. SRR R SR — Ry ) LI T 2 i
K, BIRBR T R G B AL, 38 Bk, K&K
1.3 R/ RE

P Foe /> ek (PLS ) ROGIEH MR X RV LR FE Y 43 5T A543, AR X =TP +E, Y =
UQ +F, s T HLU 4390 X MY SERERIAS 3580, P AL Q 05k X ALY JERRE R 2 i Ji s s E F1 F
S X R Y FERER PLS 5% 2256/, PLS 55 02 T M U #4174k U = TB, K15 B #y5/)
TS, FEVCET , B AEARYE P oK AR AR SOGIER MR XRS5 T, ARG SRR BE A TOIE Y =
T'BQ, M\Ifii 58 B A7 iy Tt i 2.
1.4 #REFES

ACH ISR n ARSI | AERRAEEAS, IR TR o — 1 RS A IERE RS, FHRCIEAE
RUXHZRIEAEAS I L1 A IR T 35 1 08, IF 35 s A S bR B A 5k 25, B XA~ ad
B, Y EACH AN EEA BRI 1 I EE . 3 B IS UFARIEZE (SEC) BN, AR ) T30 BE 7k 4y,
TIN5 SRt SRR R O AR SE R A (R ) AR T LA S Bl AR AR S 45 SR A v A B, RO T 1, U
TR VA

SEC = \/(2(}/, _5’,',)2)/” -1, R=1 - 2(% _5/')2/;(&_%)2
Ky, WA ; 7, WRIEBBI R TRINE ; v AR BB TAME; n AR EFEAKL
FH AR AT —H IR S AR, S IEZS AR EZE (SEP) A S0 IE A A i i

SEP = ﬁfﬂx—mﬁmm—w
oy, HEEARREAE ; y, MRS IERR BTN ; m MG SR REANER.
2 LIGERSY

2.1 UE5KH
Bruker /A 7] Tensor 37 BIITZLAMETEAL, Y635 1275 [~ 12800 ~ 4000 cm ', R & e g X483k
(OEFERTI) FEL I 2, H OPUS Version 5.5 MUAGIE T AV ESC i Ab BE RGa 550, AR A% B AR B i Skl
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R AE ) Shimadzu 23 F] GC-14C BYS A ATE /3T, G5 R £ 28 2000 AL A 3%4T:, FID Al
. ROHE (S MRS BR IE T IR (BA) A Bk, FAG 28 0 6 78 1 4 4 3L A0 700 R+ — o 5 Bt 1R 4
(SDS) 5 1A NS WIREL (APS) 5 Jr bR 25 73 Hr 4.
2.2 ABRERRK

BT 9 MRS (St /IR IE T g (BA) FLIBIL RN (R, ~ Ry ), JUW Fc Jy H 54 St, BA Al
FUILH SDS RN 1 s, SIRFIHE N 2 g0 Hid R, ~ R, S AORE ST T2 R A B R & i

Table 1 Amount of monomer and the emulsifier in reactions

Reaction R, R, R, R, Rs R¢ R, Ry R,
m(St)/g 100 100 100 100 120 110 100 110 120
m(BA)/g 100 100 100 100 80 90 100 90 80
m(SDS)/g 6 8 10 12 8 6 7 9 9

FIALIERLAY | R, ~ Ry " AR & T 30 UE AL (E AR,
FR B 7R = B Scheme 1 T 7n. A K20 H4 78
BEA TP BRI L AMNE LB 1L Y
HEFT. B 400 mL 258 F K, SR JE A ZLALA
SDS, [FIEFFHF shi Pt A=, Bt eEhlfE 150
v/min, MFLAKE G IMA 30% B #AE, RAHK
BT 20 R AR R THRE R 70 CIE A 60% 1Y
IR APS Gl S, HAI 51 &I 50 mL 2585
TRV, 55 T 4 i B AR — R R R % =
A, BGRRTS | 0 BT B Rl I 1 b, BT
INgs oS AR RS 1 h, B0k R by sk
SEARTIN. B FLIER G BN 43 A FLAATE I AR IR
REWNHE, BB h
2.3 ELSMIENEEREIENE

KI5 R R FEAT G I, EE R 2 mm, IR IS, ARMRECN 16, %R N4
em ' ROV FRHCREERS EEAR A ZLBR R TIN5 10 min ICFELAMDGIEE 1R, BAFLRER
A RN HHE T 12 Tk

DN 3 1 [ s o) sz oy A R A THORE , BRURE SR 3 miL, AESREH I 57 BB T loK R IR, iR A
FIAE Ik B BB AT PR S et A G A ik 2 HOM A R ERE LR R 180 °C,
FEIR R 130 C, Kl g2 h 180 °C, AN, ) ik 300 kPa, Sk 60 kPa, 25k 60 kPa. LA
ICEER N, R NPRIE S BSOS ds , S5 R LA St Al BA A T 2L A & 19 T i 43
B, BIERA AR S . S8 AR ERE S A AR A AR 3 A T I U AR X IR 2558 0. 3% .
2.4 RIEFRBIRYEST

KH R, —R, R RE G (35 72 4Y) , EBOGIEIX ] 6150 ~ 5500 cm ™', SR H— - F50R MSC
XL AR IR CIE AT IR B, i P S/ — 36k (PLS) #5Ot3% 55 BA R St Zk 4 A & 5 OCHK, Ay
MEIEAR A,

3 HR5WE

3.1 RIEXEREFEFNE AL E

1 O Ry HRAN [i) 52 o7 sk ] B BBORE & B9 T 20 A8 63, A 2 AR 38 A W AT g S 4 25w /K 1)
oy, HE BN RS B T FLIORE S IR LA GIE BT LUE 4600 em ™' 2247 35 4528 C—H R
AN, BEFLIR AR R P A4 /K B SR RSB I T e 2, NS T 25T 7E 6150 ~ 5500 em ' i
X3k R 2528 C—H HRBI— AL, FEAN R SO B[R] 2T AP G5 AE B AR B e, i L% X 5 7K i

Scheme 1 Reactor setup
Agitator; 2. probe; 3. condenser;
temperature controller; 5. precision dosing pumps;

monomer and initiator; 7. optical fiber;

®° N B =

syringe for sample withdrawal.
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LR FK W 1 s T3 1 LKL BTG Fig.1 NIR spectra of the I;I(;lmlllsion copolymerization
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Fig.2 NIR spectra of the emulsion copolymerization before( A) and after(B) MSC treatment

3.2 EHARE

Xf MSC AbBS B CIE AR A T — B RO B, P BRI sl 3 frs, &3t sk AR EREE
SUF 1~ 10 M LTI, JER 2R — B A —
VUG, 87 IR ETS DL E— 2Pk, i3 & FhC—H 0.001F |
VARV RO 5 , T LS A B ) AN A
B, ek S, &3 AlvE AR R 6109
em IR SR FIDSISTR IE T g HdHE C—H R3h 0,002
f—Z A, 5985 A1 5915 em AR HEIF L C—H £l
PR — AT, 5890 FI 5780 cm ' AL N INIRHIRIE 0,004 |
THER 5 C—H HRah i) — 545, 5715 F1 5656 so85
Cmil ﬁi‘ﬂyﬂ]ZEF'% C—H ﬂﬁﬁ]ﬂ‘]#ﬂ&{%ﬁl[”] ) Bﬁ% 6100 6000 :\‘)(I{JD:':EI::(_}I 5700 5600 5500
}im%ﬁ??’ T A 5Bl I 8] 122 B B 1 A Fig.3 NIR spectra of the emulsion copolymerization
fb. A RER IR B 3 C—H B AE F ik after MSC and the first derivative
TG BOZ W, TTE PR IR SR A P BB AL R B ok g | Jh 3] — DM UEME ; 766109 em ™ AbMiE
C—H 15 2 Ay WA DU Bt 5 7 s i) S SIS0 R Wi/ N R AR . AN S i By, IR R TR | B
FIAE P C—H 455 Bl SR AT i a2 i in, >S5 B A &S oS, AR R BE A DRI R S BBt ax
Be C—H WY& AR ; IR HE C—H Y B i e SR A I B Be b T SR RD 25 T B TS AN, 7R AR 2R
BB THRARTHFE S B WFEAR. FTW, S6if%h C—H (5 BRI A 5 LR & RN AR & v i
C—H &5 AL MEAR— 2, 2800 MSC FI—Fr- b 315, sy TR R C—H 5 Botik a2
b, S KOERB IO LR AR X TR S 4 1 KA.
3.3 ERSSH

HI R Ry HOBTARASY 10 MR (35— SRS RSB IR ) 16k 4 OGS AR R | B S

5()|jf539l]

0.001 -

First derivative
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HEFT MSC Fll— B S 3, AR5 XEAT 80 b, AR S R e B IR B, 5 — =4 (PCL) St
BRMEERIGER, 2B FRr(PC2) IR, LILZEHE. B 4(A) FI(B) 43510 FE RS 4347 PC1 FI
PC2 W#ATIEL. 7E PC1 MR &, 6110 em ™" AW EEA C—H (R 2., 5985 em ' Ab K834 [ C—H
{51, 5870 F15810 em ' Ab W KA C—H 5 E., 5690 em ™' 4L M H LR C—H {FH. Al WWEE— W
FHORA | HEANE A B C—H [FERGR, MR C—H 5 B AEXT 855, Frll PC1 BE 2 Ml e it
THRREFIA LR St BA B A2 L. 78 PC2 AYZEATE H, 6140 em ™' 4 KA HE C—H (5B, 5940
em ARHIRIA B9 C—H {5 2., 5810 em A SHH LR C—H {5 ., 5720 F1 5680 cm ' Ak H 3
C—HFE, I PC2 "l AR AR C—H (58, T2 2 e 1 PR oSV Y B B 7 . BRI,
¥ PC1 R PC2 £ 75 B AT DA S et L 2R A aod e B 5 o 1 728 AR A

:::; L 58?38|m 36?0 (A) :: 1; L 61[4“ 58||u 56|8t1 (B)
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Fig.4 Loadings plots of PC1(A) and PC2(B) for the PCA shown in Fig.3
FR A [T o3 A, FRAT T PC1 AT PC2 AT 0.05
S, A5 B AN [F] SR (8] B RE A T £ PC1 AN ool !
PC2 L — 4 s (R i 0 AT BT (81 5) , KA 3
MBI LUZ B A B R AR 8 01T ?
ASCASAE. IS AT I, B R B T A s ol T
PC2 B PCT HOZEAL AT UG o = A BB, 1—5 ke S 7
SO BB, AR — B B2 I 6 4] 9 4 A 0251 | | °
BRI, PC2 Y4 Xt AW I, {2 PC1 03 02 01 0.0
FA & X (B A j\*[}%, 6—8 FHEA A Y E't’ TE Fig.5 Score plot of P%ZYC;(O;II ];(;1](1 PC2 for the
B PC1 JEARAEAAR /N, 1T PC2 B4 XHE S 10 samples in one reaction

FRERAS 9—10 SREM A =B B, 7R = FrBE PC1 Al PC2 # HA BN I s, F A I B 2 Bk
R,

ARSI R FLIR R G RN A S O T2, 43 A AT AR IR R A PR B, 7255 — B Be il
TR BRI, (AR oI A B B (LG S L T R FIER A 0 LA ) S B8 I, It LA A ) B fA
X SR RS TN, X T PCL A4S XHE AW NI 1] 0 8T 5 B RN I 5% A% BRLR 7 it e 1
T, XERTF PC2 Y4 XA AW . 7255 M BOp AR N C 245001, fRIRR A I Bk
AR L, (HFEE R A RV T 5 A SR & BRI, X0 T PC1 HUR AERUNE AL, 1 PC2 1Y
Y NHEAWT T B, 7E5E =B, KRR RGN EEATE AL, BRI S FEAS TR 2P, % T PC2 2
AR, HETRMZER, HARR DS SARER EEAA PTiE s, 32K PC1 4% (IS A T R,
JeigZeat PCA AHS , S r AR5 B 5 TR R h R A 0 LA TR A — 3tk , Xk —2b Uil T
LA EIE T RAE LR A ROV FE A AT AT
3.4 KIEERBSTH

il R, ~ Rg Seah 8 i SR E (R I 204 Mk T ZH A IE G, 6150 ~ 5500 em ™' i IX
], DVSR s AR i 3R A B & S 5 O S 25, R PLS EES7 il 2% 4 BRLAAR & i 19 A I A
YL 2 R 3 X EL T AN [ Ak B o 57 () AR A BRI 5 A AE AU () R RN SEC R, AT LA
F i, A MSC A — B S50 R F B B 7 v T U SO R IR IE AR ) SEC, 2 M A BRI R
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M S 2T A 73 B PR 2R 5 A SR B B O R TE AR TR RE A 31 T R L B 32 T, i X R TE A 7Y
AL B, TERONIRT , FLIRR R B9 & BB, A2 RRBFL, 1 POk A A & Ay
AN AR, R Z VL S ARSI AL, (AU LA ERE 0 I B 22 AR, P S A AR
PRI S AR iy B I 25 2R i 25 K, R i P R DA S A o D BB

Table 2 Results of model for St with different Table 3 Results of model for BA with different
pretreatments pretreatments
Pretreatment R? SEC Pretreatment R? SEC
MSC 0.90 0.157 MSC 0.90 0.221
The 1st derivative 0.78 0.259 The 1st derivative 0.93 0.18
MSC + the 1st derivative 0.97 0.0828 MSC + the Ist derivative 0.99 0.0685

T AN [ FRAL BT 5 % b, AR SO B MSC Al — W O SR ARG WAL B 5 1%, SR PLS ¥
HENTBR AR B T RIS . LA A T g AR R LR (1 T (X AR A AR LA AR A
St 1 BA A IEAAY Y 52 BLRESS SR 3 AN 6 (A) FI(B) Fizs. AT LA Y, MEIEAR AL A S50 (5 4 i
{EL 5 B AR 1 — 2.
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Fig.6 PLS calibration model for the prediction of the residual monomer St(A) and BA(B)
from the NIR spectra after the MSC and the first derivative treatment
PAR, ~ Ry RN BURE S A S0 4R, X BRAR BRI & B A E A R EA TG G, i B4 L AR AR R
PR E AT XS B0 TP AR A AT ZLAIDE G A T3, 15 BRI AR AR i A B R 5 B I, &1 7
(A) FI(B) 735 ERAEAAR St AT BA & AE AR ARG S0 45 R b L[ 5 B A G R . IR e 5
PSS SR AYARE2ZE (SEP) 43114 0. 08026 F10. 05305. a4t S F 0, AL IEAS A ELA AR 85 10 RS 32
R NS B EA TR B —Eob. UaWIR IR T LAMER 3 P00 20 . PNARTRAE T MR LR
BVRFR PERA AR StFT BA VR, HA5 R AR BE AT LA 5 PRAE 7 i P ) 75 22
FLIRR & ROMAERC 7 25 08 1 S A A A 9 X L IORE 5~ RO B 3 RO £/ 9 Bl
AU IZ , IXAE R ST O BR AR B B B TS B0 A T A LA AR R R AT S A e, T LAl
A AR R BT 5 S B A 7 P B 5 2.

2.0
A) 20f
g 1sp 2 |
1 E 1.5F
E 10k E]
= = LOF
2 2
2 05 )
3 05 'g 05F
o [-»
0.0 0.0F
| 1 1 1 1 1 L 1 1
0.0 0.5 1.0 1.5 0.0 0.5 1.0 1.5 2.0
Actual value(%) Actual value(%)

Fig.7 Validation of the models for prediction of the residual monomer St(A) and BA(B)
I CA R HERT LR SR RS TI, SCRHS 2R R I LLAMEIE 38 AR SO 37 i %
AR ER XD SR E A T8 55, R LAPRGH T A ) i R LR A R R iR AR R A i, A
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Real-time Monitoring the Residual Monomer in St/BA
Emulsion Copolymerization

GUO Long-Hai, YUAN Hong-Fu, QIU Teng, LI Xiao-Yu”™

(Key Laboratory of Advanced Process and Preparation Technique of Nanomaterials, Ministry of Education ,
College of Material Science, Beijing University of Chemical Technology, Betjing 100029, China)

Abstract The near-infrared ( NIR) spectroscopy was used to monitor the residual monomer in the styrene/
butyl acrylate emulsion copolymerization reaction. There were nine semi-batch styrene/n-butyl acrylate emul-
sion copolymerization reactions. The samples were gotten in line, and the NIR spectroscopy of the emulsion
were measured at the same time. It was shown that the emulsion particles scattered the NIR and affected the
result of analysis, through the pretreatment of Multiplicative Scatter Correction( MSC) to the spectra. The NIR
data of emulsion was analyzed by the method of Principal Component Analysis( PCA). The calibration model
was established with 72 samples of six reactors, and the model was validated with 36 samples of three reactors.
The amount of emulsifier was variational in the nine reactors in order that the calibration model could adapt the
amount of emulsifier. The result of the research is that the Standard Error of Prediction of the calibration
models for St and BA were 0.08026 and 0. 05305.

Keywords In-line measurement; Emulsion copolymerization; Multiplicative scatter correction; Near-infrared
spectroscopy ; Residual monomer; Principal component analysis
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