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1.2 #RE&E
1.2.1 iz

B 1 g TER 5 15 mL 25 38 TOKAERM TR iR A
L, BTAKBRIRAN, m#ka 80°C, #44k 30 min.
1.2.2 MFER

AP IOSER R, NN 5 mL NIETR 2 ) »
SR 050 14 1.50 2 g INMMERL. 1. 2. 3. 4 mg
AHEF MBAL 104 20+ 30+ 40 mg 5] & i 6 2 4
LK 10 mL £ 27K, 7E 65+ 75+ 85, 95 CH#LE
KR Y 40 min 5, TRABSEAR, FHEH,
BT HUNTAG 80°C 24 h, -4 B4k 78 43 it
T, o, o 60 HE, 132 AWMIRIRK
};fu[12—13]O

TE B KA NI 1) A st RE AR R H 5 Tl g A
%, BEHEI 4K, B L (4 ERRM,
WRIGER 3 K. EATRIG B IR 1,

®1 ERKFR

Table 1 Factor level table

NES o - N NN
WE e gmm SRR
- Temperature Neutralization CrossLinker Iinitiator/ Monomer
Fa;c;grs /C Degree/% /mg mg /g
Levels (A) (B) «© (D) (E)
1 65 60 1 10 0.5
2 75 70 2 20 1.0
3 85 80 3 30 1.5
4 95 90 4 40 2.0

1.3 MHgEME
1.3.1 REBTFHKEHNE

W 25 B8 7 /K 6 ) 32 BRI A LR K T 1 d5 K W
IR, BB T S (1 T A R i R 68 IR A 2 25
TARBE. HECEAXEITR N O=(wrwi)/m, BIFR
BT R Rk m, BT, AL
LB TKEEW KA R, R K g
R, B HEERE SRR w (O, T
HL 12 000 r/min 250 10 min J&, 312 2,
FREUT & wys R SNTHERK AR O,
1.3.2  kKagFERE

IR T RS2 R KB A ) — TR S P
Aetbbr. ARIGFREL 0.1 g TR AR K 4 1Al
Ji s MR TR my, FIHE T (25°C) 48 h i,
AL R my, 3L 48 h WINPT R AR Ny
(m1—my)/48 h"'”,
1.3.3 EIEHBKEE AN

DLAE T 505 LA AR 2K SRR B 2 125 77K i d 7R b
PR IEBIK M IR BE ) I T Z 4R AR, (HHAE IR
WIS A2 B 2 IR SRV A B 25 17K, IROK R I 5
W B 25 B K AR R 2250 o R KR T P e K Ji
R BT AR, X KRS MR IR (R IR 7K 3%

R A FBOLR A N L B TR S R K
FULESZ BN v AR o DR ARG R A K
WM AR IR K e o 18 3R [ RO L2
5| RN R TR L3 11 w5 i O &) T B 1 P
FHBEKK, RAEEELL CaCOs 34 193~372 mg/L,
KT & GB5749-2006 7K MR ARBRAE . FREX
50 g M3, JE5 0.1 g RAKANES, I E&
H R KR 2 e i e, ARHTE My, BhAk,
A AN, DR E RS, RERE
H Mao WKAHH=(M,—0.1-M>)/0.1"",
1.3.4 ARAKFIF T L F 6970

P R oF R FAEM B R R & B AR AR
KM EZSGbR . IR I AR EY A 2F 211
R, AT DL SR K FAIAE S B 3 FH A0l 2B = B 1)
&ﬁ%[lg_w]o

BANASR BT 50 g T3, FEN 0.1 g
WeKB IR, A 10 mL kK. R IR E 30
RNERT, 3 d JE IR ZEEL N, R 2EHR N
N/30X100%.
1.4 Z&ETE0N

DU = W KBRS AR VR B2 28 K R R B . 38
IR B s 0 I T A O RE R S 7K J8E238 R
NRAKFI I b R 2% . R ZHRbrsi e
PR R PERE,  DUASRAS B B A2 = FH AR KA
T A B A A 6 v I KRR T T T 2 o

FESEBR TAE, it 2 ¥abn 15 A RS 1) 77 kAR
2, W Z st vk BRIk, ek, 4F
BV GETENESE. P 7 e aird
R MEM . 2R B S EVEN rvk. vk
¥ 2 febril i v A B — NS TR Z, SRR —4l
MG REATHE T, WU E S i 8 N e DL Y 4%
o ZRATHTENLZ 5650 BRI REAS R 20 & Fa b5
(RIS, AR I AR DR 2 PR bR (R I RE B AT 455
IYMTECES, HE AR, A e iR 56
Jr P, AWM Z LR AR & R
B RO FEAT VAN, S ATl T A
VP
2 HR5iH
2.1 ZBEFTEMER
2.1.1 7 osbariik

FEbR i 0 zi 23Ty

zi=(Xi~Xi)/Si (D

A, zi ARV TRR I ME, Xi I HFRbRE,
XieFaHEARRRIG n ANME I FIME, Si hHEARFs
(1) n AN (P IE IR EZE . Mo § BUE 1~4,
I3 MR TRAR K PIW 25 3 TR AR 3R 3ok
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s BEAREEOR LS 98 bR, Ji=1, R8T KIR

IKAGEA S AE LI PIROK AR MM 5 A2 A T
Pegibs, HOPO bR B EROCAS s SHMRILTRbx,

IJE R Zi (RN, Zi (80K, xR P
TSR .

LA (D R AT AR EAL AL B . FRIR
IS, Fot =F B m g bs, Prilaz As2)
R 258 1 KA AR A 3 A ARAELL OB AT N 9 2%
RIS . DU AR Zi A,
NET WG, ek EE b 7, DA
HAR DG IEAS, e THAEAS s 2, AT 7 2=

SRR BN AT 18R, Jim—1, Jok T a0, GORWE 2, 3, H Z1, 22, Z3 735tk
Pesabs, PP IR bR AU NS 3 RESLAR TP I3 45
R2 ZOEGEETNEDHER
Table2  Results by Z-score comprehensive evaluation method
R T N,N’—EEFF%XXWJ%MH;? (MBA) LB PR Dz
Temperature/'C ~ Neutralization Degree/% N, N*- methy} ene double Ammonium Acrylamide/g 21 22 23
acrylamide/mg persulphate/mg

1 65 60 1 10 0.5 0.71 2.45 1.77
2 65 70 2 20 1.0 6.74 8.92 9.44
3 65 80 3 30 1.5 5.30 4.86 5.25
4 65 90 4 40 2.0 9.13 9.08 9.49
5 75 60 2 30 2.0 5.65 5.29 5.84
6 75 70 1 40 1.5 7.65 6.78 5.33
7 75 80 4 10 1.0 4.72 5.16 4.71
8 75 90 3 20 0.5 6.17 7.59 6.60
9 85 60 3 40 1.0 9.71 10.69 8.23
10 85 70 4 30 0.5 7.73 8.68 8.75
11 85 80 1 20 2.0 11.87 12.11 12.48
12 85 90 2 10 1.5 10.40 9.08 9.52
13 95 60 4 20 1.5 4.72 2.55 3.43
14 95 70 3 10 2.0 7.85 6.39 7.18
15 95 80 2 40 1.5 4.38 4.69 5.65
16 95 90 1 30 1.0 9.26 7.70 8.32
T1 73.14 61.05 86.43 69.94 65.17

T2 71.48 91.43 85.60 92.61 93.59

T3 119.25 81.20 85.82 82.63 74.86

T4 72.13 102.34 78.16 90.83 102.38

tl 6.10 5.09 7.20 5.83 543

2 5.96 7.62 7.13 7.72 7.80

t3 9.94 6.77 7.15 6.89 6.24

t4 6.01 8.53 6.51 7.57 8.53

R 3.98 3.44 0.69 1.89 3.10

e Ty T2. T3, T4 78RR G IR 4 AAFAFR Z 08 1 RS SRIZRR 1 ACT Z S0 TFAME, 2 RR&BIE 2 K Z 2HMETHME, 13,
t4 K. R LRz, BEE T RARIIRK 55/ tHZ % IR S TR TR I BE R LE .

Note:T1. T2. T3. T4 represent Z Scores for 4 different levels of each factors;tl, t2, t3, t4 refer to the mean score of Level 1, Level2, Level3 and Level4 of each
factor respectively. R is Range, which equals the difference between the highest t value and the lowest t values in a set. Neutralization refers to the molar ratio

of alkali and acryic acid.

F3 HAENSWER
Table 3 Variance analysis
BZEFOTRL A e

NN ™ -
B3 S F{A P1H
Variance Sum of Degree of - Mean FValue P Value
squares freedom square
A 138.19 3 46.06 67.93 <0.05
B 77.20 3 25.73 37.95 <0.05
C 3.85 3 1.27 <228 <0.05
D 26.70 3 8.90 13.13 <0.05
‘DE‘ 72.32 3 24.11 3555 <0.05
IR 20.34 30 0.68

TE: Fo10(3,30)=2.28; Foos(3,30)=2.92
Note: Fo10(3,30)=2.28; Fo,05(3,30)=2.92

B R AR, CL Z A VPHRIbRTE, R mK
ZIN PRI IE P Ay ik P = v R 5 > TN s I e > el 0 P e
>MBA. i, PLRZEIUENVEAITERR, 75 SPSS
13.0 kAT 2 S B T, T A, B, C,
D, E WESAFZKPIAA BEEER (p<0.05). R
W Z TS A g ), 1585
LA414h A3B4C1,2,3D2,4E4.
2.1.2 e-THk

WX Z A VR A L A AT IRAE
BN PATEAT T EERR VY . 4561
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o R R AR R R LA T ER 5 AT LU, e

RIS, AT dpe ke g 52,
SRS FHARPR I A R AT VS, 75 S ARER IR 52

x4 =4

Wi PRI 25 (AR 22, a3k 4. T Ja N A SPSS13.0 XA
RIZE 15 AT 2 e B T, DA TR &
IV R854, 43 AR TR be & R I e 45
Bic o

TEEDINER

Table 4 Consolidated balance method results

G A B C D E
Evaluation e TR NN FE XN GBI (MBA) NRGINE3 S TN I Bt
Indicators Temperature  Neutralization degree N, N'-methylene double acrylamide ~ Ammonium persulphate  Acryl amide

11 131.38 125.78 208.40 164.37 167.96
12} 164.49 186.60 200.00 226.16 190.08
L . 13 265.59 193.82 164.28 170.17 174.43
W B T KA
t4 167.68 222.95 156.46 168.45 196.68
R 134.22 97.18 51.94 61.79 28.72
A A3 B4 C1,.2 D2 E2,4
t1 50.15 52.27 41.59 39.32 48.32
2 29.86 51.01 44.71 49.02 48.02
. [&] 63.88 42.90 59.46 45.92 48.45
Bee LU ENES
t4 49.59 47.31 47.74 59.22 48.69
R 34.02 9.37 17.87 19.90 0.67
Ak A3 B1,2 c3 D4 E1,2,3.4
t1 0.0041 0.0046 0.0033 0.0034 0.0038
2 0.0036 0.0033 0.0033 0.0036 0.0031
ek R 3 0.0025 0.0034 0.0038 0.0032 0.0042
t4 0.0039 0.0028 0.0037 0.0039 0.0029
R 0.0016 0.0018 0.0005 0.0007 0.0013
oK A3 B2,4 C1,2,3,4 D1,2,3 E2.4
11 40.83 27.50 39.17 27.50 13.33
2 44.17 40.83 35.83 39.17 45.00
Vg 3 37.50 34.17 35.83 35.83 35.00
4 25.83 45.83 37.50 45.83 55.00
R 18.33 18.33 3.33 18.33 41.67
oK Al123 B2,4 Cl1,2,3,4 D24 E2,4

et 20 By 4 RIEOREFAKCT 1. K 20 KT 30 KT 4 19 3 UORIRBER PRI, R D& BEEON PR AR A ZE, ALK N S -

CAE LA ENEITESE SIHES 36 Y

Note: t1, 2, t3, t4 refer to the mean score of Level 1, Level2, Level3 and Level4 of each factor respectively. R is Range, which equals the difference between
the highest t value and the lowest t values in a set. Optimal level is the best level of different factors which influence evaluation indexes.
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Application of multi-indicator analysis on synthesis of super absorbent
polymers
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Desertification Combation, Ministry of Education, Beijing 100083, China)

Abstract: With the development of economy and society, humans’ demand for water is sharply increasing.
China's freshwater resource per capita is only about 1/4 of the world’s. However, due to irrational exploitation and
utilization of water resources, the water scarcity in China is becoming a more and more serious problem.
Therefore, the development of water-saving technology is imperative. Super absorbent polymer (SAP) is a
chemical water-saving product that has developed very fast in recent years. It is a functional polymer material
with high water-absorbent capability. Its internal, cross-linked, hydrophilic polymer network structure is able to
adsorb and hold a large amount of water, while its physical structure remains stable. Thus it can absorb water
more than hundreds of times of its own weight. What’s more, the water held by SAP can be slowly released for
plant use in arid lands. In this study, with the help of orthogonal design, a series of super absorbent polymers was
prepared with different synthesis conditions and formulas. By using starch, acrylic acid, and acrylamide as main
materials and functional monomer, N,N'-Methylenebisacrylamide (MBA) as crosslinker, and ammonium
persulphate as initiator, the super absorbent resins were synthesized at certain reaction temperatures and
neutralization degrees which refers to the molar ratio of alkali and acrylic acid. After the synthesis, these novel
composite super absorbent resins were evaluated by using a composite evaluation system. In this system, four
indices of effectiveness were used: absorbency of deionized water, water absorbency in soil, water-holding
capacity, and the effect on germination percentage of seeds. These four indices involved in the present composite
evaluation system concluded not only the most widely used indexes in the laboratory setting, but also the useful
indices in real production systems. Two statistical methods of Z-score comprehensive evaluation and
comprehensive balance analyzing were used to build the comprehensive evaluation system. The system could be
accepted for optimizing the synthesis conditions and selecting the best and the most effective SAP suitable for
practical agricultural production. Compared to some other previous studies that take the absorbency of deionized
water as the only evaluation standard, the present study got a more comprehensive view to test the effectiveness of
SAP, especially in practical situations. The evaluation system and calculation methods were simple and rapid.
Thus they could be easily extended and utilized for the synthesis and evaluation of SAP or other new materials.
The statistical data obtained from the results of variance analysis and range analysis indicated that temperature
was the most significant factor affecting the character of the polymer. The order of importance of the five factors
was temperature > neutralization degree > acrylamide > ammonium persulphate > MBA. As the result of the
composite evaluation of two statistical methods, the optimal synthesis condition was chosen as follows: 1g cured
starch, 5SmL acrylic acid, Img MBA, 0.02g ammonium persulphate, and 2.0g acryl amide were incubated together
at 85°C and with 90% neutralization degree adjusted by 1% KOH aqueous solution for 40min to produce the raw
resin. After 24h drying, the final product could be obtained. The selected optimal super-absorbent polymers
demonstrated good potential for water saving in agriculture. Moreover, it could be applied to water-saving
agriculture, seedling transplanting, soil and water conservation, and many other fields.

Key words: polymer, synthesis, experiments, orthogonal experimental design, comprehensive evaluation

(THESRHE: AFHO




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


