4 T W R < 73 .

Iy

%113

PTG ER- A AN R R L R Y R S 5 R M RE IR IE

29 ,NZAE R LAER L. TEN L HEEE
(1. LK FAFILTFRE, KR 030006; 2.0 % K A 5% # A4 B H A A3, KB 030006)

WE: BAR-C _EHRoiimiER 2 BB IEBY (Acrylic acid grafted ethylene glycol monovinyl
polyethylene glycol ether, AA-g-EPEG) J& — F b fi R I R4, B iy 3 22 VB /K U8 55 B0k 9 Bk 1 A B . AR
SR/ FRE X R L R AT T RS R AP NAR- R TRERZ I RY
(Acrylic acid grafted methallyl polyethylene glycol ether, AA-g-HPEG)/E Jy X B4, 3t B 45 1 30 3 40 5 3t
AT R T BRI M S R A L B R TR 5 43 A A L e XA S A T A B T A R A TR
b N PR REEAT T L PN, UG 2 R SR B e R I 45 A 5 Pk R IR 50 A AR R 1 TE A G L 3k 3R W 41 R R
B LB P A B L/L e iR T (D] PR

KEWR NHR-C R LmER L B ILRY (AA-g-EPEG); WHB-R THERZ —HLERY
(AA-g-HPEG) ; BfRE s JLRY AR ; JLRYF 51501 5 R HE L

5

LR A AR Y R WA WG 2L AT R X B AN A a1 I G e R 5 ) I X R e R L A A
% BT DX SR Y i IR B A A R R0 SE PR X, SRS TR W] DA I Ry 0 S5 kA
TN ANAE T 25 R R S e SRR YRR LB R . AR £ TR AL R Y (Acrylic acid grafted
polyethylene glycol ether, AA-g-PEG)" ™ HAGHE R —F 43 850 3045 T 4R 732 B9 8 FH - 49 2 7 Je ML 7k R £k A4
b TR SO AR KIS B B K R 3K S UK L e AR K Ve TR A TR AR AR B R R

AA-g-PEG BYG 1 H A 3 202 R R S R RS nik AR 4 & 9T 1 T A R SR i AR R, AA-g -
PEG BUAE AT IAY BRI 2 AL B ' IR R O A L R Y M L R R 2
B LR R R R L A R YR R R R N R E AR S R
B T T B o SR 6 1 R 55 AN AR R R AR 82 30, S I 2 30 B AR MR R HE R B AR B A A o M B R HL R AR
L, AR AR, AT FREWEERR O BRI RY) R R YA T2 G T/EE A K
EGE . EFUE T AA-g-HPEG MZERBHHE N r =1 7,r,=0. 017, B4 LY 19 )5 51 43 A
HEAT T, SR MR T AA-g-HPEG #9355 B R85 N, = 10. 888, 7, =0. 012, X I Yy
T — 2 BT S AR I . RIS R & TR I R YR o — AR AL R Y, H AT E
A TR BB, W TR ALY X E AR MR T AA-g-EPEG M3 BREE N ri=4.5~4.6.
r,=0.0080~0. 0140, F-F ISR T IR 5 2 A I 20 3 B 2 IRk (550 [F) EPEG) 2538 /9 3%
BB r =7.06,r,=0.25, A YILRPFFR TR LTI, BT K5 09875k 2 A i
T3V ) 22 S o g 2 A0 K, i B R R IR HE AT T Z R ST . BE X AA-g-EPEG M o0 F 3R e M
PR IR LD 2 TiZ LR Y& ) i — A, lER L R Y PERE IR R A5 B 78 40 I R ¥ . AL
PR /N FEALIEXT AA-g-EPEG #4728 5 #3807 1 (09 0F 58, OF H.25 & 52 bR 1R BE 1 0 M se ok iE 17
B9 .
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1.1 ERERBHAFI S E

WIEIR (AN : Tk 9, i E A S & A A A A & B O M B2 R & —BE Bk (EPEG) « 21 ) >
98 %, OXAC-609,M,=3000, 5 T 43R 2 — B (HPEG) : 4 & >98% , OXHP-702, M, = 3000, ¥J K il
T A B A BR 2N A A P BUIR IR < 43 B 4, A =99 %60, WU K (HL, O,) < A BT 4l i s W 30%%
SURAEN A BT 4L, 213 =98 040, BN I BT R T AR AL BB 4 A BR 2 RIS
1.2 FABBRERYHNER

(DB - FE2 A MU FE A 500 mL PO H B im A EPEG 8¢ HPEG (90 g,0. 03 moD) , [A] & i
A BB TR U TR BRSO 5 | & T RN AR (AA 10 g,0. 13 moD)  ARAEARAL S5, AA-
g-HPEG Wi 3 ho AA-g-EPEG i Il 1 h i o8 5 ) AR S AR I S 1 hs () Th AT AR A, A&
ALK W EAT A, A5 B R B B bR IE N AA-g-HPEG 30 AA-g-EPEG. Kl 1 & 2 A

& AL R Y ) S50 B
H
+H2C—CHHCH2—C—]—
CH; | |

+H2C—CH CH,—C | |
a b
| | OH CH,
Cc=0 CH, |
| | CH,
OH (6] |
(6]
CH, A
| CH,
I "
(0] (6]
\|_”/ \|_7’/
H H
1 AA-g-HPEG W5 T 45 R 2 2 AA-g-EPEG M4 T 45 R 2 A
Figure 1 Schematic diagram of the molecular structure of Figure 2 Schematic diagram of the molecular structure of
AA-g-HPEG AA-g EPEG

L3 NG FEMEFRLEER

NG T RREADL I R R FH A5 R G B4 /N 43 1 ) SSRGS ORI SR ) SE SR A7 D R Dy B A g 3
TS RO 8 DR LI R0 i 25 T 9 AR SR 3 25 3% 1 L 98 A0 G AR S 200 17 B8 WA 1B 2R 45
He) — BT B9 /N T BAA Y Q e (R TS P AL LR B T2 3R 3 o PEAR I 5 2R A< - i i I SR 4L i it 46
A K SR 7 50 A 55 o DT AT AR S 3R ) 5 i e DR ) A4 DR 38 3 5 20 R e 90 o A1 2 AT 0 58 0 A
He TIOWL 45 #5218 o PR RE 285 R ok L Dl 4 5 S B I 45 8L
1.4 EETHMEREIKE

Xof 3SR B 0 A 5 1 B 3t 3R W o3 R AT TR B PR BN, R AR R R S Atk RE . AR
P = 45 TR R A B LU B B RIS R B e JE AR Ry M Ay R E A AL 3 R R/ SR
JE Y i B2 A | U S RE SR PRS2 B R U R ) W g o B R A AL TR B A R
PO 58 2 38 A7 J2CE A W A AL TR BE b 9 R WK A TR BE b S A 3K 2 4% IR E AR GB 8076-2008
HAT .
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2.1 HEERRSHEFERE

ST SR M TR DN A TR R SRR 1 e BT Dy T T A AR Y T R R R — X LR R
A ER S50 DU A — % 58 R A /N BRI R X 5 5 o AE K BRI 3 L A PRI L T DA A R B S
RIET » SR F/NAS TR0 %) P b oK B i HPEG Ml EPEG LB G MEEATOF5E . U8 IR A SCilik 98 k), 25 13
THEYRE Qe (" 3718 Alfrey-Price B Qe AR M4 HAAMTERRLE D NHIR(Q=
0.83,e=0.88), IR THi(Q=0.04,e=—2.08) Bl HPEG KK, ) & 3 & ik (Q =0.005,e =
— 1. 48) B4l EPEG KA AR5 T 1 19 50 R A X T DR 4l s R %

k Q

rl:i:éexp[*el(m*@z)] D
/3 2 QZ

rZZ/z; :Qixexp[*ez(fzfeﬂj 2

K Q. Qy I P LB VE e (1 S HE ROV B ik s ve, Ay T PR R B AR e A AR

1 BEMARBERN Q. c EMERE,

Table 1 Q, e values and reactivity ratio r of monomers and comonomers

Q e
M, : Acrylic acid 0.83 0.88
M, :Isobutylene 0.023 —1.20
M, : Ethyl vinyl ether 0.018 —1.80
AA-g-HPEG 7 =5.7865.r,=0.0023
AA-g-EPEG r=4.3608.r,=0.0002

MR /N o3 FREAE T A T 2 3 R B8R . 5915 hal A & A 3R 09 52 56 I i {8 AR e 28 ek
AR T o, <L MW ry >0, <) BAREAEIL R . SERRMEIE 1/ ri =k, /R FR T
— [ H 2 RS ol LA ) B8 SO R R RS R R R Y [ B R R L AT R A A R 1 A X
EPERY . OAE 1 BRI A NIRRT (1/r, =0.1728) , IN MR- 2 5 M 5E/E (1/r, =0. 2293),
JIT LA AT LAAS 6 ] — Al R Nk Uk R HLR EPEG R0 > HPEG i3 R 364 .

2.2 MMEBRYHERAR

Bl 3 R Al 58 RORAE Y AA-g-HPEG St R4 4 n iy 25 151 (RS04 00 36 5 il 26, b 2 X ff 42 o AR
TEHILR) BT o or, <L T 7y >10r, <) WAESRAIE R M N 3 W DLE R LR M 4 07 T X A iy
Ji s B5 5 — X AEARTFR . LR Bl 26 7T LA 76 R A RO WIIF B A0A 70 8 79 4 R (M, H {4
FEAEIT e R 20 1 b KR 43 R P R (ML, B4 4 ik

AA-g-EPEG MR M2 (WL 4), 5 AA-g-HPEG 84Ul 4t Wy 4 il i AR #5600 , W) A IR T
ror, <L ry >1,r,<<1 RYARBRAB LR 2R, HL AR 2R,

AA-g-HPEG 1 AA-g-EPEG A48 3 5 Wy 28 pltith 2 (11 3 AR ) v 450 S I R i I A &2 0, 3
ENEIRAE LR Y G R AR AT AR RN T 60%, % AA-g-HPEG Ml AA-g-EPEG Wi 3t 5 4 3k 15 ik
JE IS AT LA A R 0 ) AR

5 & AA-g-HPEG fil AA-g-EPEG P Fh 3 58 4 21 1l ih 28 1Y 5 B XF LU, 15 b 30 38 4 0 4 i i 2R AR A1
L AH RS AT LU A B S [] L FE TR — P s BR vk B . AA-g-EPEG 3L 4 v 5 45 R 5 = 76 1] UL 7 Bl N
BT AA-g-HPEG £, AA-g-EPEG R Y ih Ze i A L Rl 28, i IV I 2 5 EPEG H: 5%
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Figure 3 Copolymer simulation curve of AA-g-HPEG . . .
Figure 4 Copolymer simulation curve of AA-g-EPEG
1.0
0.8
0.6
o
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—._ AA-g-EPEG
0.2 04 0.6 0.8 1.0

A

B 5 AA-g-HPEG 1 AA-g-EPEG 3t 5 #y i 40 iy 28 3 1

Figure 5

Comparison of simulation curves of copolymers of AA-g-HPEG and AA-g-EPEG

AT RLARAR ) EPEG 20 0% 5, 0 SRR MR IR L R MR U, BV AT AR A B i 9 D00 e 4 A R

2.3 £RYEFEINSH

Xof e W R R 0 19 5 — A B2 IR RO 3L R B F 8 o3 A L BE B A AT SR 2R S B e A, AT R

i AL 5 3 5 10 0 A pR B
FIMESR A5 R po B pose
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3 FRAE B 5 B 51 43 A R AL

M, BRI Ny % B RS BEOR T
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2.3.1 AA-g-HPEG #HBY A RIS (3 ~6), 5 AA-g-HPEG 3£ ¥ i1 fik BEHE =R |
FOTECA AT L3 2 R 6 40 0 A T AR A R e TR

#F 2 AA-g-HPEG £EMMERF 5 5 FHEE (r, =5.7806,r,=0.0023,[M, ]/[M,]=4)
Table 2 Segment sequence distribution probability of AA-g-HPEG copolymers (r, =5.7806,r,=0.0023,[M, ]/[M,]=4)

M, Unit chain length M, Chain segment Number of M, units
2(pyu ),/ Da(py ),
NMI pr()bability(pM] )./ in * M, segment .r(le )./ % b :

1 4. 1415 4.1415 0.1715
2 3.9699 7.9399 0. 3288
3 3.8055 11. 4166 0.4728
4 3. 6479 14. 5917 0. 6043
5 3.4968 17. 4842 0.7241
6 3. 3520 20. 1122 0. 8329
7 3.2132 22. 4924 0.9315
8 3. 0801 24. 6410 1. 0205
9 2.9526 26.5731 1. 1005
10 2. 8303 28. 3029 1. 1722
20 1. 8541 37. 0825 1.5358
30 1. 2146 36.4392 1. 5091
40 0. 7957 31. 8284 1.3182
50 0.5213 26. 0635 1.0794

2 (pM),=100% Da(pM)), =2414%=24. 14 100%

(@

N

The number of XM segments accounts for
the total number of M, chain segments/%

o

(b)

(= CRENN

of M, units/%

S o
(o))

o
~

oo
T T T r T

=
(S

The number of M, units in the xM,
segment accounts for the number

=)
=)

(=]

20 40 60 80 100
Chain length of M,

Bl 6 AA-g-HPEG o3t R4k BLF 1 2 Aii () R4 T 4041 (b)

Figure 6 AA-g-HPEG binary copolymer segment sequence distribution (a) and chain segment distribution (b)
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M 2 R 6 T LU o M, BE A R B B 3 i R, BRI A SIS oM BOSO Ny, R
24. 14, AA-g-HPEG LRYIEET 4040, 49 24M, Brrp M, BT E S 48 -4 B B 00 B 800 o 4 te e K,
B 1.56%,
2.3.2 AA-g-EPEG #:BYFEI /0 RIEAR (3 ~ 6), FAEH 5 1 AA-g-EPEG 3t 5 ¥y 14 4 B Al
RO ITHOR BT H L, 2 3 IR 7 43 A R A B0 0 B HE A i 1R

#3 AA-g-EPEG HEMHHERF TS HEE (r, =4.3608,r,=0.0002,[ M, 1/[M,]=4)
Table 3 Segment sequence distribution probability of AA-g-EPEG copolymers (r, =5.7806,r,=0.0023,[M,]/[M,]=4)

M, Unit chain length a M, Chain segment Number of M; units
2 (py )/ Da(py ),
NM\ probabilily(/)M] )./ % in x M; segment .T(PMI ) /% ! !
1 5.4221 5.4221 0. 2940
2 5. 1281 10. 2561 0. 5561
3 4. 8500 14. 5501 0. 7889
4 4.5871 18. 3482 0.9949
5 4.3383 21. 6917 1.1761
6 4.1031 24.6187 1. 3348
7 3. 8806 27.1645 1. 4729
8 3.6702 29.3618 1. 5920
9 3.4712 31. 2411 1. 6939
10 3. 2830 32. 8302 1. 7801
20 1. 8801 37.6012 2.0388
30 1. 0766 32.2992 1.7513
40 0.6166 24.6620 1. 3372
50 0. 3531 17. 6537 0. 9572
2 (pMp),=100% 2ax(pM,), =1844%=18. 44 100 %
Ex sl @
2 2
S =
-
S 4l
s g
2 =
]
gnso 3L
e —
a =
o G
Z 22|
Gt [}
5 2
5 E
S =
Es 't '
: M
0
2o
£ ]
s, 0T ®)
= 38 1.8
2 § 1.6
S8 4r
By
= ﬁ é 1.2
= E S 1.0F
5 5= 08f
58306l
S -
ES o04f
s 2 .
)
g2g 02r
=
0.0
0 20 40 60 80 100

Chain length of M,

B 7 AA-g-EPEG oI R ¥ HE BT 51 4 A0 (a) FI4E T 4340 (b)

Figure 7 AA-g-HPEG binary copolymer segment sequence distribution (a) and chain segment distribution (b)

10. 14028/j. enki. 1003-3726. 2022. 11. 007



%11 [ 2 S S i {1 <79 -

M 3 R 7 AT LA o M, B i A 2R B B 94 136 i, AR 28 23T oM, BEEOH Ny R 18,44,
AA-g-HPEG LR 4040, 29 18M, Berh M, BRITEL 44 B b 370 S0 B 43 H IRk Gk 8124 2. 05 %0,
2.3.3 WiRILRYBFEI A % AA-g-HPEG 1 AA-g-EPEG 7 £t 5 ¥y 1) 4% BT 51 43 A #
00 B CE DVERT L B 8 stk AA-g-EPEG LB 51 401 L 2k AA-g-HPEG %
YR 50 o A #a R i IAR B B & . AA-g-EPEG LR ¥ BLAT It AA-g-HPEG B 419 ¥ 543 1 » AA-
g-EPEG 3 J5 1T LI 31 57 4 11 25 44 147 5 M R B o3 11 R B AR B R o

(@)

5] (O8] B w
T T T T T Y T

—
T T

The number of xM, segments accounts for
the total number of M, chain segments/%

N I (b

T
/

|l w4
(=3 ST NI )
T T T

of M units/%

e e ]
T T

The number of M, units in the xM;
segment accounts for the number

S <L
(=R \S]
T

0 20 40 60 80 100
Chain length of M,

K8 AA-g-EPEG Ml AA-g-HPEG — I3t R 955 BT 41 43 A (a) 4 T5 43 4 (b) XF L (HEZk 8 AA-g-HPEG)
Figure 8 Comparison of segment sequence distribution (a) and segment distribution (b) of AA-g-EPEG and

AA-g-HPEG binary copolymers (the dotted line is AA-g-HPEG)

2.4 HEYHAMEENRSERSH
2.4. 1 SERYXPIREE L TAEMERZ W AR BE R A —5E T. 25N & M AA-g-EPEG Fl AA-g-HPEG M Fh
SR AR UL C30 TR EE L i TAEME (UL O AL HE P& B AN e B A8 3t i ) LA B2 #0 5) 1

R4 WUHERMERET TEMEER

Table 4 Concrete workability index of two copolymers

Initial slump/expansion 60 min slump/expansion Back time
Concrete workability
(mm) (mm) (s)
AA-g-EPEG-1 h 220/560 190/450 3 Good cohesion and good water retention
AA-g-HPEG-3 h 210/530 100/360 15 Poor cohesion and poor water retention

MR 4 tha] LI, AA-g-EPEG i il 1R %t £ 09 i o B B 4, A 55 90 46 A 60 min B /4 30 3 B2, Ui B
AA-g-EPEG [t AA-g-HPEG HAG I /) 40 #8500 s 76 3 3 3 5 1. AA-g-EPEG 3 B ¥ 59 18] 7 i 1] 4
& AA-g-HPEG LR Y1 1/5; K E MG N R AA-o-EPEG LB Y ¥ i,
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W Rl R YR IR BE i S PERE N 9 T IR, ZFH R T2 IR B L PR R E H AA-
g-EPEG B Wy 1R 5k + 45 % 01 (00 6 58 5 B0 8 KT AA-g-HPEG SER Y110, 361 AA-g-EPEG Bl 1
TR BE T 7 FU AR S R B G B AR . TR EE 1 B M WL g, A K H OGS B O I, AA-g-EPEG
Fio i B TR B WAk T AA-g-HPEG B8y,
[IBlank

r AA-g-HPEG
AA-g-EPEG

) [9%) N
(=] S S
T T

—
(=]
T

Compressive strength/MPa

28 days

PO W SR M 7 R 58 - rP 10 T 588 B X L

Figure 9 Comparison of compressive strength of two copolymers in concrete

2.4.2 FLEYNIHTERE T IR EE L VERESE AR AT LLE . AA-g-EPEG 3t 8 W) 78 /K Y8 IR % £ v 1o i
S S BT AA-g-HPEG SR Y. MRl Ik B 9 i 41 Bl ith 28 5 M1 » AA-g-EPEG 3L 5§
Yy o 3 FRAE G IR Y 1 AA-g-HPEG 38 9y W i 1) D 0 18 ik B3 6 SR Oy 1k i L 5 22 1) A s R e B HH B &5
B R Wy A IR BE R BB 0 RCR L IR S S TR EE LR . S A PIRR R G W B 9 o A
fi . AA-g-EPEG Ty AA 4K Ny 4 18. 44, AA-g-HPEG H1 AA FHHEK Ny K 24. 14,7 1)
B G 1 AA-g-EPEG B F- #4485 < 0 8230 BIS STT 10F 3 85 KL L R 0 25 W 2 — 1k W 0L KPR A 2
kR B AA-g-EPEG FETR BE 1 v 09 70 B0PE 547, 0 H 7R U 20 3R 6 0 Sk B 8, [W] Bsf 3 g 1) K B
PRI R R AR EE - A SR T 5 P R B, 7 W AL 1R BT = B 30 TR 5 B O 1t 2R B O A RO BOR

3 it

(1) G2 36 R AR BIECAT LA 1 EPEG R SR (% 2 5306 PR T 5, 38 90 7E 2 08 J7 1 gk S e g T 5
8] 5, AA-g-EPEG 5 ) W B[] J& AA-g-HPEG 19 1/3;

(2) AA-g-EPEG LRy 2l i AT 51 43 A 30 B2 BEAR AL 3, AA-g-EPEG fE TR B+ T /E MR8 7 1 40 i
Bl B BN EE DL RN B YA T AA-g-HPEG LR Y), AETR BE 1 J) 2% J7 1, PUR SR B R IR AW I 1
T AA-g-HPEG £ 54 ;

(3) /NG F Rk (AT H 3 R 1 I 98 LA — 3 IR 58 S, AR SCF SR I T bR 43 T L R Mk e &
B Z5 S R I T B0 1 — Sk, SR Wy PR BE 5 L 3R Wy 21 R Y B G A B AR R A DG XX PR
5 T 9 FE 4358 0] DAAR B b 4§ ROR MR IL R W 0 IF K RN AR T S SRR — R ZE . R T
55 S R e BRI P T 00 L 0 R R ] — 2y ik T B an ) 5 O3 - 5 AR BADL T B LA R A I A i — P
E5E3 .

Bt R L TE A HOE T AR BB B R B AR I E (2020CG004) 28 9 9 B RN 1L PG LU A 8B A R A RN B
1K 56 7 Hb R 36 B R B0 S FE
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Structure Study and Performance Verification of Two

Acrylic-unsaturated Polyether Copolymers

PEI Ji-kai', LIU Guan-jie’s WANG Yue'", WU En-rui’, WANG Zi-wei'" *, REN Jian-guo'
(1. School of Chemistry and Chemical Engineering s Shanxi University s Taiyuan 030006, China ;

2. Shanxi Shanda Hesheng New Materials Inc. s Taiyuan 030006, China)

Abstract: Acrylic acid-ethylene glycol monovinyl polyglycol ether copolymer (AA-g-EPEG) is a graft copolymer,

which is currently mainly used as a dispersant for cement concrete and other powder materials. This
evaluated using a small molecule simulation method that concludes the calculation and analysis

performance. Acrylic acid-isobutenyl polyethylene glycol copolymer (AA-g-HPEG) is used as the

copolymer has been
of copolymerization

control group. The

calculation of copolymerization performance mainly includes comonomer reactivity ratio and monomer activity, copolymer

composition, as well as the sequence distribution of copolymers. A comparative test was conducted for the effect of the two

copolymers synthesized under optimized conditions on the performance of concrete. The results show that the theoretical

results of the copolymers have a great positive correlation with the performance tests. Copolymer composition and

copolymer sequence distribution are the most important factor affecting copolymer performance.

Key words: AA-g-EPEG; AA-g-HPEG; Monomer activity; Copolymer composition; Copolymer sequence distribution; Concrete
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