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Abstract

The rapid expansion of desertification and frequent occurrence of desert storms
not only caused the dramatic deterioration of the ecological environment and huge
economic losses and even lead to social problems in some regions. The study of the
new type of low-price materials and sand-fixing technique which is to clamp down on
rampant desertification becomes a very urgent task currently, and it is also important
to improve the ecological environment of China's deserts, to promote the development
of the western region to accelerate the growth of socio-economic stability.

The paper puts forward a conceives that a sand-fixing materials was preapared:
sands was main raw-materials and water glass was used as gelling agent, gypsum for
forming additives, AlCl;, for curing liquid. An low-cost and environmentally friendly
inorganic gelatinization porous sand-fixing brick was preapared, which has certain
strength, good weathering performance and construction to facilitate, According to the
climate and desert characteristics of Qinghai Lake, a new sand-fixing mold was
proposed: the porous sand brick works sand-fixing, plant grow under the chemistry
sand-fixing protection to improve ecological finally.

According to the characteristics of molding brick and testing requirements, a
sample porous sand brick has been prepared by the self-designed mold, then study the
influences about the compressive strength and resistance intensity, which caused by
the dosage of gelling agent, the concentration of curing agent, curing time, mixing
time, additive and other factors, in order to determine the optimal parameters. In
optimum conditions, the sand-fixing brick can be prepared by molding machine
whose size is QJ4-35. The sand-fixing brick has a good water-holding capacity, and
its performance is studied.

According to the reaction between water-glass and AlCl; to study the curing agent,
we can conclude the response generate the amorphous silica gel and Si-O-Al micelle
material effectively filled the pores between the sand in order that sand bonded
together. It was found that it powdered with incresing stay time at open environment.
By infrared analysis of the time-dependent experiment of water-glass reacts with the
curing agent material, the changes between chemical bonds were suggested that the

cause of sand brick powdered was mainly due to the absorbed water in porous brick,

ii
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resulting in the decomposition of gel curing by residual salinity after damp, which
lead to sand brick powdered. Therefore, this paper adopted the method of washing
solution to solve sand brick powdered and have some positive effect.

Key Words: Desert, desert control, porous sand-fixing brick, cementing material.
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3.65 12 km® (R 1-1) B, BEEFRBEHREBNL, PEATRIET X, Hird
HRZYEARM L HERDIE 3.8 2 km?, SEFRY BT R
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& 1-1 2FWREE2 AR (UNEP, 1996)
Table 1-1 the distribution of global desertification (UNEP, 1996)

IR FREAER FEHAARE (7 kn')
K& (k')  (Gke') REREA SEREAE BEEREA REREL
2 B 5169.2 3618. 4 427.3 470.3 130.1 7.5
M 1286.0 1000. 0 118.0 127.2 70.7 3.5
JE= M 732.4 79.5 13.4 58.8 7.3 —
mERH 516.0 79.1 41.8 31.1 6.2 —
"M 663.3 87.5 83.6 2.4 1.4 0.4
% #2007 99.4 13.8 80.7 18 - 3.1

T # 167.8 1400.0 156.7 170.1 43.0 0.5
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112 REVREUARRREEE
REYPFL LA HTEE ST M, BWREYEAIRBERY 173.97
7 km?, H2E+-HERN 18.12%. FEMERL. &b, FBE (X),
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ITF. WA, M. K. ITRBRRTE 114 (K) AR AERALH, X
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AW RRARERENSS B o = wes { : {

A 1-1 £ERREALISHE (1999 F)

Fig 1-1 the distribution of countrywide desertification (1999)
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Fig 1-2 the distribution of countrywide desertification (1999)
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Els?lé%iﬂﬂﬁﬁﬁlﬁ
() BHHREY: b)) ROBRETE
Fig 1-3 sand-fixing by grass square in the desert of NingXia

(a) sand-fixing by grass square; (b) the grass square overcast by desert
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(a) ML (b) HERKHR
Fig 1-4 plants fixing technology
(a) cultivation of the construction; (b) growth of being planted
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Fig 2-1 schematic diagram of consolidation
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B 22 LA RERERE
(a) BR; (b) QI4-35 & Lok B
Fig 2-2 chemical fixation of porous material specimen molding equipment
(a) mold; (b) QJ4-35 hollow brick molding machine
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Fig 2-3 dry and humidity distribution of sand dunes beneath which surrounding
Qinghai Lake. |
(a) wet sand layer beneath dry sand layer about 5cm; (b) wet sand layer beneath dry
sand layer about 10cm
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K43

A

I

B 24 BYRREEL RK O RE
Fig 2-4 simulation diagram of sand-fixing brick to absorb moisture from wet sand
layer.

A 2-5 BILEYH
(a) ZILEDFENR: O©) FHEEEDEIR
Fig 2-5 prours sand-fixing brick '
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(a) appearance of porous curing; (b) appearance of porous curing after being planted
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& 2-6 B REYwTE
Fig 2-6 design of wind and sand fixation
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SEEE, KEEEEYEX, BEHEE, ElERSEREMKEBEBEY
FR&HI% B brE bk A0 X8 E R 08 T LR AVRAM S K B T ROk 41
AWICERE T HEECH 3.1~3.4 KK BIVE b BB, 2K B e Tl f Tk
MAEET I L ARME. FELBRAMKEE (R BRWE RBLPER
KEH, REESEAE 31,

_ F3-1 KB (ERY) BENEESHIER
Table 3-1 the main parameters of water glass (Na;SiO;) solution

B PEERE/20 C Na,0 % Si0, % EE® %

3.1~34 38~40 8.12 26.0 33.66

BT ERAMHRREFLEROYFRERE SHBAND T, 21K
RAFABRME LR TOREHTER. D THEESHAR 32, BM
YF RS L0 E 3-1.

K32 VTFHEESH
Table 3-2 the main parameters of sand

DT RE B3 # B/ glom’ FLER%E
B /NF 50 3.98 61
/T 50

B 3-1 YFAEBHUBR A (50x)

15
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(a) BEMYTF: () BEYT
Fig 3-1 optical microscope picture of sand (50x)
(a) sand of Qinghai Lake; (b) sand of Hainan

LI A HARAL SRR SR & 3-3,
#* 3-3 LR AREREH

Table 3-3 chemical reagents used in experiment

R &
Tk & EALE S8 93%
R # &
3.12 KRS

STWHERMSBREREHE, £K HKLE 34,
OR35S LRAMNREERS

Table 3-5 apparatus and models used in experiment

X2 S A=K ibed
T BB WDW-5C LB EHIRNBFFRAT
B RAE R SR T R4 DHG-9240 &! LR ERBEERAA
BR ©22x16 mm B
BFRFE AY220 Shimadzu Coepoeation Japan

3.1.3 MR T 2HE
TR LA 3-2,

16
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KB
258 BF et I
" BFRORARE " mESH
B
FERA
iafta >
PSRN [ ,
ka B
HABHREIR (o

B 3-2 FHRHAR & T 2R

Fig 3-2 process of material sample preparation

3.1.4 MEHPUE IR B IR
BN UERE R A EHEERIFHNE P R, XS EALMER
WA FREVARR, B THE, EA i PR 8RB 1 A By
FEE R R BINRE, £ WDW-5C J7 g6 BHRLR HLA B 4T KB
FEREAR. FMEENR 4 MAEERFE.
PERERE WM F RN — N EESH, HHEARA:
Re=2 GD

K, ReARHHIPUEIRE, RALK4 MPa; P AHRHBIAN KR KRET,
BALA N, A DRAEBRRER, B0 m’,

BTRENREEE, FFUAR (1) TUEK:
P
A nD?
AF, DAHABENER, BAHA m.
HFHUEREXNREUREUR, U EIR RN EEREZR, EXEF

HATEFALE, RAUBHMORI.

(3-2)

3.1.5 MEHNRKERE HIIR
AR S  022x16 mm DEAFIREHRENE, EERTHE 4-5hik
REAT RN —ERE, EEETHRT, ERFERGEKFRE 12h R TFEE,

17
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IBIRRE . SRR 4 DR RERESE.

3.1.6 4 RHFLER R AR K 2R B

SRR TR K AR K A BE TR AT R R B B R K RANFLER R B, Jmdpa
HBIRAME R ©22x16 mm /pEFRRRE LS, ZRTHE 4-5h iHAFERTR
N—EfRE, 7£125°C THT, ERERHKPERE 1 b FRERARKE,
BHHNEESE. S MEER 4 N EESADRCEE.

m —
w=(__ﬂ1_)x100% (3-3)
m,

RA, WHRFENTAKE; m TRENTE, B4 g m, RKBXFERR
g, $"ﬁlgo

o {2 o (34)
L
R, MARERILEE; o ETEENRE, B g m, TUKERFEN
JRE, BAlg pAKREE, BgmL; v AFERMER, B4 mL.

3.2 KB EIRE |
AEBBEABIN D R R B EELEE, TELI=APE: 1) BR
BIRIKAR, RILAISERER NaO SERUEYIFEE, AREHTH i3 AR
' ' Na,Si03 + HO == H4Si04 + Na,O
(2) BERIZME R, FENERERKRENEBRFET, MERENFE,
EARRKERER, BEERRR-100 nmPRERRBN, BRBAEER.
CH CH CH CH

| | | |

HO—g—OCH + HO— 8 — CH ———HO0—S§8 — O— S —CH +H0

| | |
CH OH - CH

CH

(3) REBRHITERR, BRI RARREURKE, RAEREGRER, —BR
SRRMREE ], BB . —BOA R RERER 8 A AN i 7K R (R K B R B A
MR RN EE R R,

18
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| |

Si 6) Si 0O Si
| | |
O (0] O
| ] ]
Si 0 Sln O Si

| |

ZH AR ERFEANERAHIIN, ZKEEHE AR YIERECOMBLR T
BEHHAE, HEFWEERITE, BATRE R RN ER. IRERE
FEHOH KBS IR AT & (E3-3F1E3-4), KEBEBELFATEK
BTHERNER. KEEARBSEMESE —MEL R FTE, DB dnit
BERAKEBAKEEESL LT, REERsitEmgELL), bt AiRman
il & B E YR B R A 1R R B AL 55 SRK B FBE A D R s R, ZERRE
MRKEEEEER, ENRELN B TRERERFIERBRRILEETIE
B, HELHEERPEMENIZHAT+2EENERE L.

46 44
1.0 4145 ] 43 40
0.9 - 41 38
0.8 -
0.7 ~; 42

8i0,+Na,0O L9 ?

R
(pa.s) 06 ]
0.5
0.4
0.3
0.2

0.1

2.0 24 2.8 3.2 3.6 4.0
(8iC, Na,O)E Bt

B13-3 7K 3538 bL 22 AR B X HG R RO s e
Fig 3-3 the influence on viscosity caused by ratio and the concentration of water

glass

19
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¥ o}

" 2 i i k. '
U 2 4 6 8 WM 12 & 16 1B 20 2
Na,0(%)
FE3-4 7K B3R LY 3R TR BE X RS FEE A
Fig 3-4 the influence on viscosity caused by ratio and the concentration of water

glass

ARYE DL R AT HET, ARSI I B R R A B R AR E B R K B
BAYFERALEPHRT KEHEZFHCO B R NEIPLE, RIFKSE
BERMKEXNENRE®E, AXERANKEHENESA31-34, BEEAR
33.6%, HAKBKESCORMRKBUERE S EAEI6NES, KEHNELEY
B, KEBERKEEESR LA R ZRSIEEUSSE D TRE. BHTES
FCO FEIK, MRAABiHRNAE. BRE, FLIR—FHERNREE)
TR & B R 2 R E R . RTKFHEEBRLR PR, WARTF
K EFER K B R, KRS B AR A R AR = T s R E A
THEREEEMEREIEY T RS . ERNERRENE TR, ERKNE
MK BTS2 B 4 /K B R, BRATTAARS B SR 78 L R B R T AL RO PE R 2K R
0 T E AR B BRI RSB TR A, el b BT AT DRI R A i AR
FERYERADE, B IENZLER TR, HEEEPEERE R
BAH— & #01E 4 0R R /K BB A 2 S5 b 2 B A0 R B HE P T AT o

3.3 Hﬂﬁk?&mﬁ%‘%

3.3.1 BB FUHEBIR B KRR

RIS REXK BB UM B OERZETARACS, KB ESY TS
RYBESEZEAM_ERAHLE, —BIrRKEBENDTEREIRETEX
TKBEESZRTH CO, B RNINE, SEE SR NFERKKEN
HEEEL LT, BRERIETEEL: 57— RKEEBRLBAKEZRS

20
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B, FREARMFEES AN, BEECH 3134 NKBEESYLFREHH,
WMRBHRMELFE, BAEERELESTEES CO, RNBUEKEBER
R, BEERENENED FRERE, KR EH AN T RERE
BRMBIAK, REBREE. RKEBmBRALRIOKBEERDRELRE, K
BKBEURBENELERE, YEBLBENE, BMRBEESREEEREER
WK, 52 RNAEBTERREER, ZE8KE IR B &KL K
KESE T SBAERRR HIRE, WKHEZE. HFH MR e R
A, XEEREAEHN K BB R B & B W R 8.
ATRRERREFBIEDFHFFME L. BRL. SUENAER
BB BEYE (R 3-6). ZERHANES IEHEHERN, RIARMX
S A EME BB MR RARE, MEAFEREERARRK, ERFMXHR

AR E R IFHUIR BK BRI I AE S5 AR R B ROR
3 3-6 R BIR XS AR BE R 1
Table 3-6 the influence on material properties caused by different supplementary

powder
Kt B EiR L M8
RRBIBR J%ic] &l BE BE
R BB [8)/min 20 10 — —
Pl RE/MPa 8.5 4.1 — —_
i 7K M R B — —

*PLE: A R BERI B

ﬁm%iﬁ,ﬁ%mﬁ%wiﬁWEﬁﬁEm%MHﬁ H R BOK S
KR SE KB R RE IR &, T ERS £ St B R, TR AR
HHRARR R E: TREBTRI, FMEHLEBSRBUKEERKE
R, A 20 min (EATAREY, FIEMEE BARHARR S L BABHAME
BELTHRIZK 120 5 HILRA, WKEE.

RIS BEREREHAKBEESYD T, KEESTREESRR, HH10
min G FHEHAR RBMORBE, BHUTHRERK 12 h ERERE —E8E, WK
T FEUHLRINAE RSB RE B R KERE, TEA#E X2
TBLERATHRE, XE5ERRIR H IS LELE REESEV R
_...ﬁo

3.3.2 AE B B FURS A F] K 107 4l Bh AR B i i
HFEEILRANDERQEEYR, SHERE, HhOTELDHERA
BB, ELEET RN RENERAN TR IHARETIEER

2t
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X
# 3-7 AEMARB N A R X ¥ F R B A B B R

Table 3-7 the discuss about gypsum powder auxiliary for different regions of sand

molding
v F w A E=RE (MPa) AEMAERE (MPa)
Ty F 4.1 : REMRE
TRV T 45 6.1
VEDTF 4.3 BREMRE

R3-1T4, ANAEEZMFARYFP, EHH 10min FHEAFERK
RN BRAEE, HEBEEMAERK, BARICA MERERELDRY TEI
VELTFHATHR EREMA B, 7100 FHH 10 min FEATRE,
TK BRI YD [E] BRG 45 B e /K B 5 4k W T I Y A TG R T R I R AT B A B
B, PUEREIL 6.1 MPa, FELESXMEIREES—eREER, BT
KBS Eh e R A A R ARE R, BRI EREN I BETRE
AR, BRIRKEBEEY HIRS S S B RHAR RS IR L. RE MK
B FEMRE LRESH, BERSENYFIREEME 5 2R,
FIRPVELRBWER. ZRICEREEYRNY FAREREANHBEAUR
MW, FHEESREEE TR FERBTKEEE, A REMYREDR
TR & E REE TR A T 18 .

3.4 EiIbHMPAFHELIZNR

3.4.1 JKBEEGIMBEX AR RERT R0
MRRAR EERFKFEEMARE, TKBEASERMEENRKESR
PRIBRERRKE I REEER —EEW.

22
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a o N oo o
T T T v 1

Compessive Strength /MPa

»H

3.5 4.0 4.5 5.0 5.5 6.0
Water Glass /mL

w
-

3-5 IKBIBRIES I B X PR 3R B IS
Fig 3-5 the influence on material strength caused by add volume of water glass
B 3-5 RIUKBKBRMEH 3.5mL 4.0mL. 45mL. 50mL. 5.5mL. 6.0
ml ZHB, FMOEAE, BLMBHAERRE, 7E60°C 774 12h, WA
PRARRTUERE M, MEAFERRNPUERE, &3.5-11MPaZ
A, REHEEYLERERER. BRRARRKREBERRRE, KEBER
MEE 4.5 mL LR, ZETTRE, KPFRE 12 h RIEMEHAFEARREE
B HEANEL (K 3-8 BiR). 7EVNIN 3.5 mL /KIKHRS, BT /KIEIEERMEED
MRS EHNE M B IR, ERKREBREANR, BEHAIBIERE
i 4.0 mL KB N BRAEDINE
& 3-8 KB EX A EHEGE A
Table 3-8 the influence on material properties caused by add volume of water glass
K /mL 35 40 45 50 55 6.0
P58 /MPa 353 410 455 585 645 1140
BOKEBEMPa 171 244 B B BA B
ML R MR R (B 3-6 FT7R), KIKBRMEMBE, HENE
BV AFKKBEREEL, MERFERTLRERESER, MRS RR
B, BEEZWIEM. WIS E B P ER, BT KRN
FERFERRERILET D, KEEM AICL BHRERNEBERETEMER
i, ERMEREARREANTEE. ABHRIEREKIEE S RKMIEE
—ig, RAKEREGER, FEHEARREZHIRL.
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35
it —&— Water absorption
2 \‘*" —&— Porosity
2yl .
g . |
< T
gast T
=1 \
8
520t
< .
g \*/k\\
g 15 r \\-\-
\.
10 I { N 1 s i a 1
35 4.0 4.5 5.0 5.5 6.0
Water Glass /mL

& 3-6 KBFEXTFRIB KR MR R A M

Fig 3-6 The influence on material water absorption and porosity caused by water

glass

3.42 AEFMEX AR RERI W

D AERMENFRREGEREZR
ATREZILEDENREYE, ZERERREMBNERME, ERE
BAERBERIMA, FraE RN AR M TUE R A A2 A .

Compressive Strength /MPa

ot — —=—4.0mL
—®—4.5mL
8 - —a—50mL
7 :_ —w—5.5mL
| ~—— 6.0mL
6 L_ V\
L [ J
4 b \:\ —
3 '. 0\\'\'
2 -
| k\\\\\\
0.1 0.2 0.3 04 0.5

Gesso /g
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3-7 ANRBEEN MR RE R Z

Fig 3-7 the influence on material strength caused by different amount of gypsum

ME 3-7 AT R, KB IMES 4.0 mL, 4.5 mL. 5.0 mL. 5.5 mL. 6.0 mL
BYHEY, SAEMO0.1g. 02g. 03g, 0.4g. 0.5g A, EiLFIBHARN
B, 7 60 °C 54 12 h, MHLRARNTERE. SREN, HERESRR
ERPUERE, 7 4.0~8.89 MPa 28], WIEYWITEEKR. &Ml ¢ BF
MR, MREEREEHBRARRRBEURRE. HEKEKERNEM, &
Amo2g AER, UERERR: EEEAERMERIGM, MEHIERERE
B TR, BLARERNE 0.6 g M RIVKEBMYEREIER TR, B8
FEREIRS. FERREABEEAMEETHE B RS KBRS RNINR
KEHEWES, MEAEENENAEREKEEVELEEEMR, £8Es
BUS K BB E R &, B A BRI BB L RN 0 5R BE RT T .

2) AERMEX PR IR E R0
MR 3-8 FAI4, KEBERMEXI AR KREBELWEAL,
KEBARMETL 4.5 mL PAEMENARE B RL, TERN 3.5 mL KK,
MRLRE S BB, BERAKREREARAR. BHALRIERKEERNER
4.0 mL B #EATXI AP RIR K IR BB SR B SRR T EE
%39 AEENMEEEKE W
Table 3-9 the influence on material properties caused by amount of gypsum
FEE (® 0.2 03 0.4 0.5 0.6
SREE (MPa) 378 311 3.02 254 267
BAKEEMPa 277 255 240 220 1.40
FEESHE TR, BEA—FEE DS 5K BB E SR,
TIRHPRAAERAMERS, EHEIREPAEBEREOKEBEF KBS, K
FIBE AL R N AR, KRB EBTR, FEREGKEED RS RER
E, BRMAE 0.5 g UL LB B S HIUBL, BB EER. M8
FEAKFRIE 2hFHRE, BTFRNEERSFEAMAMEHTERTR, Bkt
FHEHARE ¥R K OR B 58 B R R LU IR

25
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B 3-8 AW AHERRFR KR W
(8) BFEMAFOFELLEE: (b) Fma HHR-EH
Fig 3-8 the influence on water resistance of material sample caused by gypsum
(a) material sample without gypsum; (b) material sample with gypsum

XA WX RS KR W, ERIA WRAG NG W X
KEERM. SRER, EHRLG TRARNEROMERFERK 120 5
HARY (WA 3-8a). THRINAREFERENET HRARY BREBRER
#% 277 MPa, B, @i 5CIn L AT LAFE 43 ROLE AR N W AT AR ARG
KA.

3.4.3 BEMLBIFIRHERER W

FKBEBEIA B EZE W B TR A B HRE —ERIRE, Brlsm
FEVRINE L ER S5 BT R AL R B ELCY, B BRI AR i K
BEERNHENEW, NTE 39 R, BEFMEARKFERARESRK 12
h /S EZBRE, TR T EAREM AR NGRS TFRRAEE.

E3-9 EMLEBI AR KW
(a) RBWELHBIFFREE: (b) BEEECHAITFAR
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Fig 3-9 the influence on flooding of material sample caused by curing liquid
(a) material sample immersed in curing liquid; (b) material sample not immersed in
curing liquid
FICRRIREY, KEEESBEEARFEL, SBETHMEEE, K
B BB R R, RIAWRICGER B3 T/K4E REALE N ELER. KE
BEEWERNEERAT B TFHFIUKBEHF A, MK REE KK R R
BERE, RN

3Na,0'mSiO;'nH,0 + 2AICI; = mSiO,(n-3)H,0 + 6NaCl+2Al(OH);
5.0

4.5

i //\

~

P ————
[ 2 PN L ]

—mu— Compressive strength
—®— Retain strength

L4
1 | 1

1.0 1.5 2.0 2.5 3.0
Concentration Solidification /mol/L
3-10 LB BEXT A BHE RERT R W
Fig 3-10 the influence on material properties caused by concentration of

5\)
W
LAY man o

Compression Strength/Mpa
[ %) w
o o
L T

[
w
L

—
[ =]
T

(=]
Lh

curing liquid

MEL IR BT INE, RN APETFRERSE M, RIBRERS
BEHE, ArETFAKEBEPYEEENBERAHEEM, REELS
iR, BEVERZE. WE 3-10 REL, HELBIRESN 2.0 mol/L i, #%
REEMPLUEBREIXE T B KM 4.18 MPa; IREZE/NTF 2.0 mol/L BB LM+
BT EAFIRERE, AP B FEKEBETHT 8oRENBER N2,
BEES TR, MRARRTUERERK. REEXT 2.0 mol/L KIELK
AR R R, BFIREE K, BERO TR, B AXETE
KEHEERARE RN ARG ERBEWERE, 85 ERRENKHE
BHEZRMN, #EHARNIERE K TREE.

FRE, HELBIRERN 2.0 molL B, HENAFEFHKERES AICL R
S RMAER T AEFRETEEGRRBREYF, BAEMEHRFERRKRE
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BRERK. BIREEDT 2.0 moVL MIEALE T ENFRERIK, HTEL
BRI RKEERMELRR AL, RKRERERK. SELBIRE
FEKRT 2.0 mol/L if, BITFBEREN TR, KIHME LB RN EASTE
5, ERKREBEEXREE20MPall L.

3.4.4 EMLETE) XS RHRME AR W

B 3-11 FRIEILE R/NF Imin B, ZEMEHARE PR S BLBE
RR5E4, BTUEHRARE AR R K. BELHEZE 5 min B L —IEE, KF
5 min i, BT EE R ZEBMET S BH 2 BT Al(OH); Bk WA BN
ABELE S, BUEERE Si-0-Al KRR, Bsr kA RER T %,
FEBRUNENEK, BTKEES AICK RECEERRE, HERENR
EEEHBERRE,

M E R )X R RHAAE B R KR B SR A R L, ZEME4L 1 min B9
BHAR IR, FERRRZBEABRESKEBRNATE, BKEHHAE
PR ok B4k K B S i iR S B L B SL.  BEE B LET (8] B SE AT RHARE )
RERERK, 7 1h FEMERAEREBEESRFTE.

4.5 4.5

—u— Compressive strength _ 4.0
/\ —e— Reservationintisity :
— 43.5

7

L ]
L
i 1 A i i 1 i ] A 1 A 1 1.0
0 i 10 20 30 40 50 60
Solidfication Time/min

by
)

w
W

T
"

/
\o

(=]
Reservation Strength /MPa

Compressive Strength /MPa
S >
T
1
(3]
(=]

—
(¥,

T

1 L
—

L

—
.
(=]

T

B 3-11 LS ARt s e

Fig 3-11 the influence on material properties caused by curing time

34.5 HLHREXTAEHE AR R W
KB R BORF A RBHAR A SUsF, JBHAEER, KEK
BYRAKBRBTRERE, BOKKBELREKRE, HRERKLES, TRH
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&K B BB 4 BUR S REAM R B AR et , BULE MR R T M.
MBE 3-12 RBUFHEBE B S i (8] B E A RHA R E B 10 min RHUERER
o BEEDHNERER, KEERKEESHEREGRTRERE, B2KHK
BOLTRR, FHRRMLS, RS KKEED SRS U & BREM
BB AX G, MEEEARELN, RERE SRR KEESH
W R REATAZR, SFERAKNBARE TR, T ERIMERR KGRI B 5%
7 10 min HK. HFEFEIMTMRUETE, E£AND 10 min BESHEN
(8] o

4.5 k
< 4.0F \'
o L
S35l
2
£ 3.0t
7
.g 2'5 i .\.\
820} *
E' —u— Compressive strength
S15F d —e— Retain strength
1.0
0.5 1 . L 1 i 1

5 10 15 20 25
Mixing time/min
P 3-12 kI TE] X A4 KR 7K 1 B T S0
Fig 3-12 The influence on water resistance of material sample caused by

stirring time

3.4.6 AN[FIR 18] BLAS IR K SR X A 58 R B

—REFIAKEB S TREHH, BT KEEAEHYE, BEAKEHEFM
AV THRED TRAEENNTREDME, LRPRIVKEHER ML, 5
HREER. ATEKEBENDFREEHES S, HEKHEIHEERE 5 min 2B
A, Sik—8aKEBEESLTREHANS, BRMBKOKEESY TR
EHH, NERKEENDTRARIRETS . EEHFRA RN RBEM
KEENMRRENERN EAETHE 2 EERFEX.
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R 3-10 7K BEIA RV 0 B 1) B X 5 FEE ) S Wil
Table 3-10 the influence on material strength caused by different time of water glass

adding
i —IK BIRIMA
5% /MPa 4.18 4.17
BIK5EE/MPa 2.77 2.75

MR 3-10 RO, W — KGR S KB, PRI
MHLEREMEAGRERUAK, ERRF—F. dTHE BRI EKKBER
BED, KEBHERY FREARS, HENE, PTHRTR, HTHHE. 8
TR IR BRI B BT8R — UOK I P RK D, RS IR —
RERMEHHEE S . Bk, 20 5 ERAIMK NS B BRI 6
MEAMNTKEHESYFREH.

3.5 iRIRMHABRT R RHE BERI RN

ATH—PHORBMEEEE, RESEEOERERE, FRCGELHMA
BRI, ALO; kiU KM EHESLE, REMEAFNEE.

3.5.1 SN T F ALO; AR T e

w1 ALO; A A G W KEIBU M H TR S, AR S KEBE RN
AERREERERS, EATRBEVEA —F RIS A R R R Y FZ A B FLBRE, 38
MERE. ERAHEFGT, HABMNEIE M ALO: B AR HITUER
BRI, B 3-14 247, STAIREE B0 1 F B3 RHARE 98 B AN T
m, HEmeEis L EA 0.5 g FARI B KIREN 6.0 MPa, AN K N
MR REINT 20 MPa £ FH, S 0.4 g ALO; R RS IRAL A
) 6.1 MPa. B, HinEe -5 ALO; W UERMEHARE IR FERERER
£, NREBE.
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o
a

W L (=)
N N (=]
L T v T o

Compressive Sthrength(MPa)
N
[>-]

S
'
—

|
I
T
I

0.3

Aditive
3-14 BRI W

Fig 3-14 the influence on material strength caused by powder aditive adding

3.5.2 ISR XA R R RO R W

BEER T RERM, BTHLIEGENYE, BRTHRRABRESH R
REMESE, HHESTERREREESN. 8 3-15 247, WHRERFM
2.0 g HikBAHERRAR MR R EFNR KR B R A BB KE L H 6.41 MPa
#1320 MPa; T 245 LARIMB ARSI, BT KEBEY THRAEE T KEHE
RKBEZSBMEANRBESEHRE, AMEBEMEHAFTUERERMEAKR
BRI, ARICHRERAM L AR, —TEEZEHET LG EM R
B, H—AEEEIMLT U AEYRMETES.
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g I \- I’ g
= -=
+ 5| 45 =
/

%D ./- %0
2 . 5
e —u— Compressive strength &
o4tk —e— Reservationintisity 44 <
2 2
v2 2
8 3
a3t 43 2
5 ./ \'\- K
®) ( .___._—-o//. W

2 ) - A 1 " 1 " —_— M L . 2

0.0 0.5 1.0 1.5 2.0 2.5 3.0

Clay /g

B 3-15 ¥k LR R
Fig 3-15 the influence on material properties caused by clay adding

3.6 ZE/NGE

(1) BEHARKRMBBFHERBERE, BE—MELERENMBE
BRSBTS EENRERMBIF, HEhF B FEPHERF—ENEE
EMRIFHER, XEREME MK,

(2) BEBFRA R FERHEC XA RN SR SR B AR K R B SR R e
B, BRI EMEEAVERETZRL: WF 25 A F 04 g, /KEHE 4.0mL.

(3) BIHRITEHIEHEARH T EL&MSE, BARERETE: Bl
WBIRE S 2.0 mol/L, FELETIE 5 min, HARTE 10 min. '

S (4) EBREREHAMBREHETITIZAMHT, FRXHIELEHIEYTHE
BE ST KERERNSILEYME: HUEREN 4.18 MPa, RKREZRER
2.78 MPa.

(5) FSIREBhFRT DME B EHAR E IR E, MRS ETERE,
AR LA ALOs M RBI IR A EHAR IR AR 2~3 MPa; RN 2.0 g KL
B AR PR 38 FE AN 7K SR BE 73 i 4 6.41 MPa #1 3.98 MPa.
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WS FAELRRPRIEER TR

4.1 EEELRBRES LB HRIIEEER N

WARAKEEEEREKFERRESEIL, SREFHIBEMEELZR
i, BREHETLERNENEAR =M EEEAT, —RMEEE.
FECERRIELY, A (EES. SALE) BRI, BMBRIE,
BT B 5K BB A L R N BUE EG R 258, A4 A FAUTTE,
EMBENSR. BRSBTS BEABREFNE RFIEEMBERENS
mFENEEEERRREE LR ENS S, R RELBN A, AT
& B R R .

®4-1 TRALHEEBELBENPRUERERN R
Table 4-1 the influence on material strength caused by composite curing liquid with

different ratio

AICl;:MgCl, 1:3 1:2 1:1 2:1 3:1  AICI; MgCh

BREE/MPa 332 361 428 473 205 418  4.15

BIKIBE/MPa 268 282 256 252 243 277 2.4

MFE 4-4 RIL, FEELEF AICL: MgClL BE/RELA 2:1 B, PRHAMER
ERHIE 473 MPa, HCHEAILSE AICL; B (GRE 4.18 MPa) FBR4IL &
MgClL B (B&FE 4.15 MPa) WREHER, WHERELEBBREERYE
AR ERENEREATENBAEENENT A, BRE S ELREER
BT R S BRI VT AR R A

B BB E A RS L AR KSR B SRR St EL R, M ERRAE E TR R R
/K12 hi{R B 3R 7E2.4-2.8 MPa2 [8], FEAICI;: MgCLE &R 128, B&KE
IKAR B GRE 52.82 MPa, LB APRPUESR B H3.61MPa. BARAICI:MgCLE &
A2 MIEREHARRAN, EUHETREYVIBREESR. 5E
%8, EAAICI:MgCLE ML A1 2MBELEIE N REE S, BBRFR
BERKIRE, BRHETREEYERER, FaRERE.

42 EEBENLRES ORI BHTERS M
AVETERZ LR R EDER, RIE LS R E R A R 7o B,
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ERZERXREF R EIRE 5 G 0K B K PRS0 4 SR B R ARG
B, BHETTEMARAGERELEDEFTORES. SKRRITWT:
#1%& ©22x16 mm HpEFRBRZEELBEE, & TRE—BREE, 7£-20°C
AT 120, BUHAER, ZERTHRIRREBE, S/ MER4NMEER
FRCEIME.

B 4-3 7740, 7£ AICI:MgClL EAACHA 12 MAGEREBRERE, &
WRFHEETHEETENINSMAREY, SKERRMELERS#
iTH. BTERENEKBRERMY, 85 KEHERNYBEERES, ERR
Si-O-Al k. FIEY, SALEESKBMBEN, B REE BT R 28 A 0} B
KEERGURE . BRERE TAERTHERERER THENIIRERERRS
FRIFBREKIRE 2.3 MPa, BEHREY ITREEX.

2.5

[3V]
<
{

Compressive Strength/ MPa
(78
1

1: 3 ﬁ2 ‘ l;ll l 2:I1 #3:|1
AlCl3:MgCl2
B 4-1 IR E & bl B AL AR LR

Fig 4-1 The influence on material anti-freezing caused by composite curing liquid

._.
=)

with different ratio

43 EREWRE S LI RN L4 58 E AR

EXIREY), REAVHROTERERRKEENEE % —F
E AR E KRS, M SEK TR FHREKRE: 57—
HERF MR X FEAERR GBI, EAMBERE, ATREMH
HiE ikt A, BT KRBT ELESutTEmmA, HEIRMmAE LM
BRI AP RN R M RRE, BR L R AEYIRAN KRS . RIEEAXE
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3 ERMAS TR R AT, TRI0ES 2.0 g ABRERME, EERIE
RV 2.0 g #5t, FRAREREEMBEPHRENZNL. B 4-2 775, 5N
20 g MEWHEEEEEEAENRES, AR5ERSENMRFEEES—
B, MEHAFETE AICL: MgCL E&ELELN 2:1 i, KB BRAETEREIRK
{REE38E 518 6.3 MPa il 4.31 MPa; 7 AICl:MgCl, H &Mty 1:2 i, #hk
REEHEBRE MK EERES R 5.0 MPa fl 3.3 MPa. R, i)
A URIEAR RN TEEREESRANE TSR,

6.5

55 F \\\\\
5.0} i

|
-/ -
45| -

i ./- ]
4.0 T
9 b b
i / -
I —m— Compressive strength _1

L J
3.0 [ ./ —e—Reservationintisity

1 A L " . A 1 1
1:3 1:2 1:1 2:1 3:1
AIC1:MgCl,

(=2
o
T

| TR Y

Compressive Strength/ MPa
Reservation Intisity /MPa

B 4-2 B& EL TR G LA EHE B R R0
Fig 4-2 the influence on material strength caused by clay in the composite curing
liquid

4.4 ¥LRMEXNMRIUA RN

RAETRARS 17T DURTEA B FLBR MR AR AR, (ER R TR £ B
FEFLBRAR /N, AR 55 SRR PO R K G 45 DK B R T = B0 e A ok i BRI L
F i AUB L SR ARTURRENE, LBRRITE 42 HRA.

LRNE 4-4 TTA, BEEMLRMEREY, MERERTIGREREDRRE
ZHm, ZHHEEMEN 2.0 g b, MBI REREREN 3.98 MPa, 4k
S MM R R NZEH T I, BT RRRERRA RSB LLRE S, M
B RREARBRD, KK ERERNRBN, SRR RBER
Bbo TR 2.0 g Kb, MR EIEFEBRE L, RE RS LT
EMFBUKEHEUNE SRR ERRSE . B TR R4k i,
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KEHEDBEYHAN TRBER, MHBREEHRSHIVRWILER, MR
Gtmss, SBAEETIRRESD T &,

4.0 -

W
(=4}
T

Compresive Strength/MPa

N\
/.

1.6 2.0 2.4 2.8
Clay /g

o
o
o
H
(=}
-
Ll
N

B 4-3 KA mEX MR SURERER A
Fig 4-3 the influence on material anti-freezing caused by different clay adding

4.5 L RMEXHHIRKRFLBRR TN

FLBRE AR K 2 2 R R BHARE IR GRKBE TR B E 4R bR, BRI+
KL EM R REAEL, FLRREMGKERBAHNEE, E]8BRE R
KBFERES . WK 4-5 R, BEER LR MERID IR B K EFLRER
EARRFE 16%M 28% E£h, SERFMHLKITLL (17.8%F 31.5%) HHEMRE
%, BHFEILEE, WMEREBAES. BERIIATUSERETRMERN
SRR RGRAKBE N, 6% RBETUKERBKEENEFRELHSLT
mng.

R 4-2 K5 LR IMEST R K S FLBR 2R e

Table 4-5 the influence on material water absorption and porosity caused by
different clay adding.

HinkstE/e 04 08 12 16 20 24 28

Rk =R 16.66 16.59 16.51 1629 16.17 15.58 15.17

FLERZE 285 276 282 29.1 2933 28.95 26.23
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4.6 FENE

(D) TUEHFUERENEER. 5EE. BURREFSNR S REKEHE
EF, BEaTFHRERCIRPERSATE, ZWEALKR. Bl 54
RENEEMBRE SREIRE, RIEMEERE, PR T Bz,

(2) GZEZEBMEERE, AT REMERIRAIER AICh: MgCL EE/REL
A 12 AREREAE, THRMEHUERENR 3.61 MPa, B/KEREREN 2.82
MPa, HLRGREN 2.3 MPa, e EEY TREEXK.

(3) HIREEALET AR Bkl B RE, T LR AR K B TR 43
7E AICl;: MgClL BE/RE N 2:1 B & BEILEELE, MENRERHERE R KR
B3R B4R & F) 6.3 MPa F 4.31 MPa, #VR3RE N 3.98 MPa.

(4) JBIE 3T LA B B AR KRR K B8 1 B AR 5T, AT DAZE
VBB DTG EE BB KENR KR EEE LM LR mE.
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ELE ZIEDFEFIRBFSMRERIE

5.1 ZILEFERFiIX I FAR
5.1.1 2AEWREHGE T ERRE

REBMELSBRETIIZ4&M4, KE 10kg LEHIYF, BHN80 g/
B E TR K B 10 min, 7 QJ4-35 FLEERAIHLES) 2 min (RIEi%
LR ENARERERRRERZABINEEREDNE) ZHERE,
, BREF. TEHREME 5-1 Fix.

KBEH
10kg ¥ [ ] B
Y WFREW [ ke
FAES8g | | wE
#E
2mol/L AICI; ¥
&z 2 min
l B4k 5Smin
e o B | li R M R A

B 5-1 ZILEWEEHFE T ZRHE

Fig 5-1 process of porous sand-fixing brick preparation

5.1.2 ZAE YR RER EIRER
BRLE EM BRI REKEEREY, 7 QI4-35 LR ENIHIE
ZILEWEE (FHg: 390x190x190mm), HWEIHBEME (&K 5-1 FiR).
%51 FRATELENTORBEMNER

Table 5-1 the influence on hollow brick forming caused by different

conditions
JFRLECH B 8] /min
Y¥kg KBEHEmL HE/g 10 20 30
10 1600 80 5 %] %] A
10 1600 ~  — AR AEE ARE

R —AREMEE
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SRAERA, FNEENSLEYERERERE AR, 10kg BYT
ErTLUEWE R RMEAMEER, SHEYEERREAERE, BE
KefE5H, REENSAADRILLLENK, SUEFRERS, FHEH
BREFMESHKEHBEE YA RERER. KRARPER, BN
EEK R R G R K Y T RS, KEENY TR ERE
EREAEN . D 10 min B, BT KEBELTREVHERR, ATHAER
BT RBUKB R REL THRERE, YRR G M B4 L A,
EZSHIMERR. B, ER&SIEDER, BEHFKEsms 7R
ARSI, Bk TR AYENR S RET b T ARRENE YT
AE, NAES A K TR B E W R S R, ARSI BV R
& AR R FETE 15-20 min N E. '

5.2 ZFLEISFERY 4 REFRE

R HHENESLELE T EZH THBAZEY, bRk
BYEZZE, HEASRPERTAEYE;: WAFBYHERE —CREN
BHE, BTRPEYEPRKKRMPERZRFAENEK, KBRNBZA
B RERKRAILRRNFA: 26%F 32%. Hit, ERBEYEIEFERE
WIXHEMBLEDHAMAE—ERE, CEAZBRFHNERRKE. JUk
MR EYE, DREEERKMAE Y.

5.2.1 BERET R

BRI &MSILEVDERE BRF B TERETER, I TIEALFEDER
#—EWKGRKYE, BEFLEDRERE T 125 °C PHRTFEREIHLE: £EY
TR 14 3B E/KIY BT | KERIKB N RBA A LR, F—%
Bk (B 5-2a BTopn); BYPRHREEHE —BRIEETEHE RIF—EMEEE,
BEF—ERRKE (B 520 ). BYRRE 6 MARBKE, BTEYPEAR
B RCHE Y R R D RE N BRI S B B R R IR IR (B
5-2¢ BimR), (EARAREEBRAKRKEES, RAEYERKREAKE. mtkLidk
KRR EEDEFHE DR, BESHAKE Y EAR LUE BB KE Y
A (B 5-2d FiR)e
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A 5-2 TNRRMKZ ALED R
(a) BHUIZSER; (b)10KGE: ©6/1MAJKE: ) FHEBER
Fig 5-2 porous sand-fixing brick in different period
(a) simulation of outdoor experienment; (b) 10 days later; (c) 6 months later;
(d) view of planting

EYHERNEA LT ERNLETRE, B TREEZILEAYRERH AIC),
HAMRESZE, BESILEAYVEPERRERRIEN AICK 248, BIRAEE
gt PEETERN I HER YR HABREYISR (A 5-70 FiR).
ATPESABYFEHIRUIASR, REF—EEE, FERRIEELBELE
HZILEVEE, BEKETEELA 8, EREEDFEILAK AIC, #4£5.
ZREAME 5-7a i, 2LEAYPELYE 8 MANBER, KARFRIFNE
RAGRE, ®AHRURR. FEibkYEE PR R L E Wk R
AR R .
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B 5-3 #Lsesxt bt
(a) K/ BRIETE@ MR (b) BVKEBRETFEMA)
Fig 5-3 comparison of experimental powder
(a) water-immersed and natural dried (8 months); (b) natural dried without
water-immersed (8 months)

5.2.2 BEPHEERG K

BEARTRENEDEINER, EXSLADELTRARKEES,
HE 2B 2 Kenki@u, THRFRF0RRAeEORRKE. ERR
B HERAR KR H RSB ETEPRPKPEYE T2 EENE
X

BefR &AM T AL 022x16 mm NEFHRIBREE, ZEREAG T TIRMEER,
BAEFRET 8] 30 min, WARREEBE. NI 4 N NEAERFEECEDY
&.
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“;
/

H
1

- NN NN
[=JN )
| L]

Compressive Strength/Mpa

—
[\ I N N ®
1 T I

Time /h

B 5-4 ¥KTEFR IR B HHEHR B 3R R
Fig 5-4 the reservation strength influence on the time about soaking

B 5-4 TR, PEHAREREE R KEFRRBEEY, HEREHETMRE
B, BHRIE 4 KEMBEERRFFE 1.6 MPa. FEFRRFEREERKIGEHFRH
B, YoRLAERE SRR MR B ERAOR IR RN A K B, &
BREBUEY FZ AT ILERIE, EAMEHAFNTIEREZSEK. BT
REVEERKEKRSE 200mm UT, FEMRBHEEKRE, EHRKE
I 6 YCRHFE A AR B AR AL 2 LA R B W RSB R U E KB IR R K FR K T
e, DIKER M EHBLEEYEK.

5.2.3 BV EPLGIRE

BEWEFELTmEOAIBX, EEAERERGERDMEN, ER .
BRI TE AEZE R AR LB TR RHRPURRIE R RE A1, BIZUANE
ET et EHERAKEKESHNZLEDHERERNEE, EfA&RIZUE
URMTIGREERENZEREVHHEEREBEERURERIFRE THELE
BYERMEEER.

BIRAMHTHIE 022x16 mm MRMHARRBEHREURE, SERTHE 3
RIGHE, WAKBEE-20°C LLTF¥% 12 h, BB ERBESHEIRARERE, &
MR 4 NPEASE, BFHE.

(1) AR BB F1 BT 1 L R
ZIAEYHERABILREH, FLAFERKORIRE S ERE T LK,

42



W RKEM LR 2009 £

WRVRERSEN, FMHBE. PENEBREERK, RIKEEX-20°C, B
FREFTH &AW R EB R T E L, FEHnN s BB MR IR
Rt .

4.5
c4.0 |
s
‘o
S35
=
n
g .
oa 3.0 | ./
e o-—
o,
& .
U5} —m— Compressive strength ./
—e— Retain strength
2.0 1 L 1 " 1 " L . 1

1.0 ) 1.5 2.0 2.5 3.0
Concentration Solidification /mol/L

B 5-5 2N BE B AL 3w R R M B R

Fig 5-5 the performance influence on different sodification concentration
ME 5-5 RILFEE B BIREEIN, #1ETR R B SR 7E 2mol/L A B
{8 3.14 MPa, 7E 2.5 mol/L i 3.0 mol/L R {RBISRERE LB T FI8. #EER
LR K BEFEA AICL LAY 8i-O-Si F Si-O-Al B MIREH, HiRILT
20 CUTHRHRMILT MK GRSk, BRI, SPRER—Em
Witk TEWRERN 2.0 moVL HIRt AP S5 KBEBER B, RESSITFIRHEN B 35
AR 7K B 7 R T R ZE B Si-O-Al BHRPIVKRIRERK J7; ZIRE KT 2.0 mol/L
Bt TR B S E A i AP R R TR T BB RREPE LR T AP s —3b
S5WEKEERE, FrUA BRI E—ES —REKEIEHERERD, BEAK,
R HR R E R HA K, '

(2) BER ARG
SR PRIVKERES AIC, BB RNEREREHE RNADEEIR, KN
YIFEE SR AW B K TR . R BEAR 3 S I S0 A B V04 R AL TR e TR Y
PUATEEEAE, MEVHREREPREIIEFE+SEZNEFEN.
BINEH T H& 022x16 mm MAFREIREE NG, ZETHRESR
WHiE, WRKEE-20 °C UTFR 120, BEEBEMBHEARXREBE, M0
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B4 AVDEERSE, BCOPISE.

4.5

\ -

£
(=]

/MPa
[#¥%]
L

§)trengh
o

W
T

Compressive
— 0
(7} o
I v ] v

—
[==]
M 1

2 " N | 1 4L [ T " 1 L 1 4
0 5 10 15 20 25 30 35 40 45 50
Time /h

e
h
L

B 5-6 I E B A X SRR 0
Fig 5-6 the performance influence on the standing time

ME 5-6 A RILA BHAFEBCE B8] 24 5 h B ISR, Al iR i 38 P
BIBAR, HE R KA SR BT L. R BB A B RE T RE SR
AWK, HREEBDREAN, BEREMNEREK, ERAKREE KR
FrE, KA S Sk KBRS, BUEMEHAREHITR IR B R B PR,
HME S h BKEES AICL 5ERUR M AE AT BRI T B K B 7K 43 F = vk s
KBAWTEVKIZRERER AR NG H, BUEM B ARTUARBE BRERK. JHE
BEZERK, MRIREAERMKGTRE, BEMBEITKR, BRI R
FEREATRE. FEBATE LUREAR R RN AR R SRR e R, &
B R AL B Y RS e Y P B 4L R I N B B[R] LA 75 B VD RS AR RE R B B K Y 35
K.

5.2.4 FEIHLERLYE

AR XRHMERHEERETELEYVMEKER AETYES, EZ
BRI R Bl R BREEGRER, EWEESILEYRHTIRR
BNV REERETHEENE X,

BIREHTHIE 022x16 mm MR RB I 104, BHEHRE 240, K
IKJEAE-20 °C AT 4 h, ZEHBMETR 8 h MAIKEPREHR KA, B 10 K
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RHAREERE . BRI 4 VNEERE, BUFHE.

4.0

w w
=) -]
LI {

w
S
|

w
o
'

Cor.\r’lpressive SbEengtthPa
o (¥
Ll 1
/

/

1 i R | M S -t 1

2 4 6 8 10
Time

B 5-7 DKURTEFR IR B A L BE AT R

Fig 5-7 the performance influence on the time about freezing and thawing

B 5-7 AIRHL, BEERBLKER S N E AR AR B SRR R TR, TETR
HBIE 6 I EHARERREE 2.6 MPa £4, EATURIAK. EFEIFH
SRR B SR B B R R R PR K S5 UK AR AR B R AR 0 B B AR
B, KBS AICL B RN AR Si-0-Si M Si-O-Al BE WA /E
ke, EWMHEREXAREKR. EERRREEE, BTHERERE
T—REMRREE, MR BRI K0 45 UK BZ K B A AR < L A4 )P FLEBRBUAE AR A,
B e 7K 5 0K B RZ K 3 AT R BRE R A K, APRRAAEAE R AR R
RREBERUBAR; BULERR 6 WH&H THE B2 ETRERYH
EK.

»
EN

o

525 EWAEKMEEY

KB EREVEAFETREDE TR TR, WEENEKARERN
LA E—BRRY, EALREN S B BN EFER AR K
BB EITHA, FTREANENEKHEES. WEBEDEE AICL BB T
BlLfE, RUBHASE pH ELN 5~6, RFEVEEY AR RFZZMH
WE2BEYHERSBLRTELE, WEXAE pH HA% 5~6, FEUIRE
YA K R BR M IR A
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5.3 RENE

(1) ZILEVFEEERKERR SRS, YHRIERSERKEHEEE
REIKEBHGE R, BHEHRBUEM N LIRS, FRMEHRAENTERER
WK, BRBREVEEKRZDOIER, HERRKIEFR 6 KRR /SRR B H
SR LA B B W R B Y B KA TR UK (R Th BE

(2) #EE AICL BEHLBE P E L 5 h /G B FRREE K KB4 K6 T 7 7
WK, KBARBGKERBIR RS, BUEM B RNPTTRRE 2RI, b
ERER LMK B AT S, FEAEHARR R EZES EH .

(3) HRBALRREBYRE, EASILEDHEREE —EBRAKEKE
B, BE—ENmEE. EEPEBGEKERREREVERITLES, BEX
M 1E5R B8 7E 2 FLIE WD RS B £ 4 2 H o SR RERR SRR A B i T R E W i
.

(4) BEEVRRER BRI NPT AR B TR BB/, FEMBFREISE 6 IRIRT
EMEHARERREZE 2.6 MPa £, MEEGRAREEMEZLEDHEEEEL
BAEIB A o _

(5) ZIEVEE AICLE MESEAKENEELS, BEidlXeRE
YR K0 i pH B4 5~6, FEVEBRYAERELREKIFE.
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FEARE EHLIMHLH R RIHERT

KEHEONA TR0 ENHE, ATHARESHAEERE, REFX

HARBUENYE T B SRR, AE T KFEETE N RERN S TEH
EHRAE®RRZ, BXHEANERAFERSEN.

| KEBRE—FNER. TEOTIEYHE, BEEEESTERER, TEBN
BRI Z )G, 7 BN BB R B 455k . i BT R A R E L FIKE2 2
FEIRME S T KB R A R E 45, OB R AN REIE, BIBHE, EUR
NATE, BERBERH, 52X NHER, MESREBRNBELH, H
KURE, 4RI Z RART 31, B SO FIE MR 4 SRS
KER BRI E ZILELRME, B EEANERR, hit— RS
MR RER BRI R,

6.1 KIKFES AICI; K N [E {4 IR HE BT

(1) EEHH

LR NaOH 5 AICL R FF A AR MERN ER EmtE, FHAHE
FERFE T LR R B 4 . E I HrME NaOH BT EFMER AICL HH
S E R AR AT E BT RN R, REREDT:

@ EEE 50 mL E4k & ST AICL B 46K, F 2 & & HX 10 mL, A 500 mL
HIAEEEARE, BE 30 mL BMAEREMA 1~2 BEE, A 0.1 mol/L i NaOH
EREEZRAEL, EX 3 K, FIEECFE, W18 KA NaOH #47i3=32.73
mL.

3NaOH + AICl3 = AI(OH); + 3NaCl
3 1
0.03273x0.1 X

X=0.00109 mol

- B4LAT AICI %}ﬁﬂgﬁ=9%—%gx0.05 =0.09083 mol
. X

@ FEEHRNERELE, BEER 10mL, A 500 mL HAEREE,
B 30 mL SNSRI 1~2 FEEL, F 0.1 mol/L K NaOH ¥ ¥ € Z M
A4, EE 3R, BEBCEHME, W78 RMAY NaOH 5#1=28.77 mL. ik
O EHEE:
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LS &R AIC %Jﬁﬂﬁﬁ=&0—gg(-)9—l%)%92x 0.05=0.07992mol
. X

@ HOF E LR IETH AICL F R B R =@+ B R M JE #) AICL B &,
Err 8 RN T i AICL; F#) B & =0.09083—0.07992 =0.01091 mol )
RE RN HER:

3Na,0-mSiO;nH,0 + 2AICl; == mSiO;+(n-3)H,0 + 6NaCl + 2A1(OH);
3 2
X 0.01091
X=0.01635 mol

H 1 Na,O-mSiO2nH,0 FHF m A/K BRI H, 21013 A B /K BE B AR 4

Hh 3.1-3.4 BUILEMEN 32 B, RIZEIKEIESH Sio, WRAKE:
n,, =3-2x0.01635=0.05216 mol

BITKFEBESH KB E N 1.38 g/mL, ZKEHEF Si0, B4 BN 26%,
AL E R 8 mL KBTI EHH SO, WRMER:
LT L] 80" 26% 0.04784 mol

Siop

BERFMLREIEAE 0.004 mol, RER 8%, EAMEULRNTERMN

REECLL . FEEE BT R B X AT HERT AICL SKBEEN R NG

RIEZEF=Y)Hh SiO, BB Al(OH);, ETEMNZEFRF#— P REETE—
HREMIHENR .

(2) EHr
LR, KA HCl RN R B, MK AICh RN HBEH B .
ik, KBS AICL RERMNAERT SiO, F Al(OH)s FA R 18] 5L A BB -+ 1
RN, BN, EBANEFRKEREEN A RS R AT A R A
., HRMITF:
3Na,0'-mSi0,'nH,0 + 2AICl; = mSiO,(n-3)H,0 + 6NaCl + 2Al(OH)3
REMR K — P AT R S I A AR TRE L «

Si 0 Si (@) Sli
| | |
(0] 0O
| 1 |_
Si O Si (0] Si

REt, 4RH Al(OH): BEAEREM REERR (HSiO) #—H RINAER—H
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& Si-O-Al 8 K P05 R A= BB -
OH

HO—S8i—OH

oIH OIH

" AI(OH)3; + 3 HO—Si—OH HO —S§i—0 ——Al +3H,0
| o
OH OH |

HO— 8i—OH

OH

BKEHEES AICL BB R ER L RN HI&E LR NY, SidKEEBRE
B AICL J§ 60 CHTHATAS 7. BISCERET 401, Si-O-Si Mt IFiEZE
1110-1000 cm™; Si-O-X (X AWM PR ETTE) HFE% 900-500 cm™; 1
1& 3680£10 cm™ FEFE 4 Si-OH MIRBNIEM . XA 6-1 LM EARKRLSMNE
W] A {E7E 1074cm™ 4k Si-O-Si AXTFRIH 45 RS IE); 7E 3745 cm™ 24 Si-OH
B3R e 1), BRI T HENT R N B A R TC R FEREBEI - FEMR MR 2 542
em™ SR Si-0-Al FERFRIRSI R IE, 1356em™ 424 Si-0-Al B Si-O REIRIK
%, 75 795 cm™ ALK AlO, DU AR AL-O 25 ghiRzh A #1%), ZE 1159 cm™
XA AI-OH M17Z5 i 4RZY, s ZIHENT, 78 R PSR i T4 R U m AL A
AlO, SEEBEAERTEL, 4R Si-0-Al 8, HiEfEREE IEAL AR AlO, ZTBRAE Ak
AI(OH); Kt 78 .

EICERIIET 4, WEME D 2340cm™ BHEALA CO, B9 C=0 BIRFNIFIES; &
&5 1420-1400 cm? 5 710-690 cm™ &% HCOs™ $R50I&. BRIx AL 4H B 7]
S7EMEME 2354 om™ 402 COAFMEMMIE; 1E(HY 1424 cm™ 55 670 cm™ &K
HCO;" HfY C-H RXFRIESREIE, 2924 cm™ HHE R Wig)3 )8 T-C-H-B0 1845
s, IEAERNEEFESMN CO, 25T KEBEIRN, HFE CO RHE
EELES . BT KEBEELTYR—AMHKE SR, Rtk aEE—
SERIKGY, B 4347 AT 4N 7E R MR 2 3424 cm™ F01 1636 om™ Kb K &5 & K R fid
KEIRBNE ., AR KB E LA RN RRF HERSEERANERLR
&), & ESHABEETY X EFE Si-0-Si. Si-0-Al. Si-OH &,
RETTHENKEES AICK BRNEFEERYREEERESILREW, &
HES AP SRBRAHNY F#THE. BEMNIIMEREN%E EdE
ESTERH4E iR —H.
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Fig 6-1 the IR analysize about reactant

6.2 FHEHR LA FEHERT

FILEISXKEHES AICh KNSR RRNEBHLETR, 27
REBURSRUFRZMKRNL, 48 6.1 BEUHEER T, HERER
E YRR REE, TR AR R R E T,
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| d | !
1000 2000 I 3000 4000
Wavenumber /cm

B 6-2 AR R NLBT B AL St b 2 4
(a) B 4-5h; (o) BURA; (o) —MAF: (d) £ CHEEREHEF 2 A
Fig 6-2 contrast analysize about different reaction time
(a) solidification after 4-5 hours; (b) solidification after 2 weeks; (c) solidification
after one month; (d) tow weeks after putting C in the humidity environemt

7E 472 cm-1 ALRIRSRE O-Si-O % HifRBN KM, TRUTHELE 866 cm-1 A
Si-O HZEHRENE™, 7 1074 cm-1 &% Si-O-Si A FRIBZERSNIEH, HE 6-2
LL5NXT B AT, FTANZERIR Y 4-5 h B 7K B3 R B AR pREERR Si(OH), B R EE T
FRRERRI, HMLTE 866 cm-1 ALK Si-O FHARIRIBISESTS . BEH R LHCE A ]
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BIGE, T R T FEREBIC B 7E 866 cm™ AbAY Si-O MERAKIMNIE. B |
BRRH, % Sio, FHHT Si-0 WHERSISRATRKE, Ea5 L L
f4r B BBl 28 7E 1200 cm™, 1100 cm™, 950 cm™ 01 900 cm™ B3 (n=4,3,2,1).
BHBEE RN ERIEK, BRBREEESRNREEER, 7866 cm™ 1950 cm™
B AL Si-O B IRIERWTINGE, (EFERIE HIPREE T 7E 866 cm™ A1 950 cm™ F
TR b TRERMNERR A S K0 HMETIH R, REHEEEESPE
1100-1000 cm™ FEEZ 3. ,

7 542 cm? &b Si-0-Al MZ RSN, 7 1365 om™ WIS AL R
Si-0-Al & Si-0 @IRZNEM, 7£ 795 cm™ kEXFR AlO, TUEAH) Al-O Z5 i
WL, 7 1159 cm™ &K AI-OH M2 th3R301, BE 6-2 L4t EL 4>
FaTan, ZERMNBCE 4-5 h BB TFAR T WEALE AlO, 54 R EERE B R A
Bk, BEAEKBRINUERAAR AlO,, BEE K NLFT A HFE & DURE A7 44 1 — 35 5%
5 A0y SREBRAE R Si-O-Al XBEY), H—FB4 AlO, MK AR Al(OH);, Xt
REZE 1159 cm™ Ab4E R A1-OH B8 #idR5h. Btk 4-5 h B AlO, RIKIEIER B &,
beE R ARER EMEKE | BEE—A AR, HERSBEHKT, XER
HRAERMERS A0, RERBERMNAR Si-0-Al ZEY), VAR IUEAERE
4% AlO4 Fi/KAE R Al(OH)s, BUEVGECALIAR) AlO, FFIEERMTR D> B KR, T
1159 cm™ ) A1-OH #1365 cm™ 4b#4 Si-O-Al BHIFFEIER B4R, 7ERIEHR
BETHT+MMERBIRT Si-0-Al BB T 2R AlO, MU H A FEEEERAY),
£ 542 om™ AbHY Si-O 4FAEIEFN 1365 cm™ B9 Si-O-Al #H{L &7 %, (B 795 cm™
SbE ALO, TUTE £ AL-O TR WTIEIE LLES 38, R I AE LI AL(OH); ) Al-OH 84
{iE 1 B 7K 4 B F 4 B B SR AT 1159 em™ BB E 1084 em™ BT AL T4 1100-1000
em™ MBI EIEPTE %, BRNYFRRFEKREN AlOH);..

SCERBT4N, Si-OH Z:FA B4R IER IEZE 1110~1000 cm'(), BAFIEIEELE
%o ME 6-2 AL AHTAT 40, 7ER L 4-5 h B, KEEBER AICL R ALK
B HRERHITHE, FILTE R 4-5 h BF7E 1110~1000 cm™ 454 18 35 B g FEZE K
B Si-OH £H, BIgERM LR R, TR T 7 1074 cm™ 4K Si-O-Si FF1EI,
X A EEY AR E R . BHILZE 1110~1000 cm-1 IV BRI, (EHAEE
% Si-OH. Si-O-Si. Al-OH MUfFAEME. FEERMNARIKEK, HRAMAERE
KRR R, FEMT Si-OH BAMBAREIRD, EEMIETRTELE N,
BEFE 1110~1000 cm™ &b BLIS A4, 4500 1074 cm™ #9 Si-O-Si 4FAE A0
952 cm™! 4L HY Si-O FIEIE AR AE 1159 cm™ &b Al-OH #5116, FEE K43 HAS BT
BRZAH 3 MFEEZ B BRBE S . ZERRHIRERKREMm,
¥ Si-O-Al BWTH 5 BE A Si-OH, LLRAEA R KL Si-OH REE £,
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EE XK BB ERTRERHRE, 7E 1110~1000 cm-1 XZBE—/F i,

£ 3428 cm™ 1 1636 cm™ ARIAFIEIEN - FRALERKPD, FERM 4-5 h
B KBER AICL; RN AERMEER Si(OH), KEBHK AT E B YA
Si-O-Al B K, BIr=E R0 F KRS BKEERE LR R, FEERRRE
K, KR ERREIERKED, BREBTRE. EHEREFHT KRR
% RIS 53R

7 2374 cm’ BHEM 2924 cm™ 4% CO, FEMSA-C-H-B R 4IRS, 7
1452 cm™ AN TREL 2R 9 C-O BARYEIREIF 1792 om™ &b ABHERE ) C=0 &
RS, FRMERESTH CO, B 5KFBELRN, ME 624
ShxTEL At Eran, FEERNEIEEK CO, AR N A RBEMRE:, 7£ 1792
em” BB EFH C=0 {FEIERKTIEIR. BT 1636 cm™ A/KAIFMLIEF
1365cm™ 4k Si-O-Al $HEEEI TR, 76 1452 cm™ BB LRI C-O 4F1F &3 T
WA R, EHENINEERT Si-0-Al BHA4H, ERMERETHTFEITN
CO, 5KPBEA DS EERMAE B, HTF 1365cm™ & Si-0-Al 4§1Li%
FHRMWK, 1636 cm™ AKMHFIEIE TR, BB 1452 om™ AR ERF
i) C-0 BB IRS) LLEER, IEATSF M CO B 5 RMAEMKIRMR RN R
R AR ARMTIE N, BUHIR N EERILE 1792 om™ A ATREREE - H) C=0 (¥
FERFNAWTIIRAS T, BB T T ERIE 1452 em™ &EHBHEREF ) C-O
BEGIRILER. BENBEIERE, F5TH CO, SIKEHEAR R N4E
R EL o

B PA b5t R A B AT L T B S B REE R UL T R 6-1,
AAUKEES AlCL BAERNRHBERKERER Si(OH), FEE R 8 HEK
EERRZ B LA RFER Si(OH)s 5 Al(OH)s Z 18] R A AT [ B A4 i T Se TR RERE R T
Rk Si-0-Si PURZTBEZ M, BAK Si-O-Al BBk, BE RN ERBIRERK, £
B TCE FUREBR Y A Si-O-Si FARATBREE M, LLRTE A Si-O-Al M BRE M2
FRERE, AP FEELE. BEH&EPRIRES, RIFEEEZRR
HESILEWIETE AICL 34, BEEYEIRAS ZHF- £ R E N
FATEEMIH Si-O-Al B0 Si-0-Si #, ERESILE R P B MR, B R
Y, BREYRIERE.
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% 6-1 XRCE BEERIA SN AT
Table 6-1 the IR analysize about functional group

=44z 3K F ¥/ em™ Sk
0-Si-0 T iRk 472
Si-O Z5 =30 542
Si-O RS (n=2) 952 b
Si-O B4ERS) (n=1) 866
$i-0-Si X FRIR B 1074
Si-OH _ 1110~1000 2R
AlO, IUTHIfAH) Al-O = R3] 795 B R
Al-OH % iR 1159 553 5R
$i-0-Al = i 3R3) 542 EXAE
Cc-0 (GERER] 1452 R
C=0 GEREEm] 1792 5570 3%
Si-0-Al # ] Si-O _ 1356 . EER
4 BRI B — 3428 B
— 1636
-C-H- GERETE 2924 -
CO; — 2354

PR N R BB SR

ATHERN, ESALEDEEREDERTRAF—EBRE, FRBX
B IR ) B YRGB A PRI L5, ZRRREEDRELAR RS
578 4 LY Si-O-Al A1 Si-O-Si TR 45 B 7E [l V0 7% 1Y) Eh 200 il T AR A B
g, NiEREDEREAFRARANBE. XRERKH, 8 MARKRE
MZLEVEERRFRE, BRAKXKERHELASR (WE 6-2a Fin). HH
FRBHEIR BISR K BUE B 7Y B 55 2K 43 5 W8 T AR 7K B R e A A Bk
1EM, HETRIFTHI&MNEWEEKE 6 MABKRREFEMLIS, Btk
&R EW AR ERGRESERAEEARRE, EREENEEHR—
SRR BN REER M —ERTERER.
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A 6-5 #Lad Eskig
@ WABERBTE A b) BAAREERETE A H)
Fig 6-5 contrast experiment of powder |
(a) dryness after inundating water in the nature distiation (8 months); (b)
undryness after inundating water in the nature distiation (8 months)

6.3 AE/NE

BN KEHES AICL RNAERDAR R R BRI 2B EI4 R
WF, KEHES AICK,; RERNEIRAE K BRER Si(OH), FEE RS 8] FZE
1 Si(OH), 2 [8] LA R RERR Si(OH)s 5 AI(OH); 22 18] & 4 ATk Fe Y. 4 R T 52 T Rk ik
BT BRI SE Si-O-Si FRATBEL I, BLR Si-0-Al @B, BUSY F B HRH: .
BEREAPETES, RIFEBEZRRBESILAVHTHES, BEE
UIEIRE 5 ZHBOIRZBY B Si-0-Al 0 Si-0-Si ALK, EREILEA Y
FARBYI R, WA RRG Y, RBMEE YRR . REXNKEHEE AIC,
REGEERABURERE RS, FRXRE TESKENTE, BRREHLIE
FEEVFERCEE. EREFRRALT RELFHBRELERLRE, Bt
FEYHRF—E/BE. EhTKEHEERRFRAEBEERL=YESZK
TR K BB BAE A, H AT R & YRR 6 A
BB FERIAR .
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ZieERE

AWICRE T —FFHRBYHE, FE—FRE— 8@, R L@,
BAME LR ERFWENRELILE DR, BTYRLEE;, BN TARBE -
R FEX BB R R W, EHBRERIETE. 8 Q4-35 FLAELE
ZIMIEH 390x190x90 mm B FLE W FE, HEE R SVTHEELEMIEUR
MLERE. BESERNT: :

(1) RRT“UPBYPHTITHE: UYEDLEHE, RAKECH 3.1-34
B 7K B Bk R, R BRMY B VS B TR BB, (RS REMENE
WK BIE—FEH—ERE. RIFIMIRMER. HIERN. RAKEELFTE
RKIFMENRGRZILEYRE, BATYREERREE.

(2) IBREFEHEE Y BRGS0 S IR, Bt T R
390x190x190 mm KL FLEWHHA FHBESBEYEAR, ZEWDTEAFETKR
KIhEe, BEERIRELHER, XaEREESLKIER.

(3) A BHIBAHI& T BREM R XFTRERRFNIUERE XS
7 3-11 MPa 2. [f], #Bit T Efr EX BV EIPIERE 3.0 MPa L ERIER. #
ETFLABEYBRERLAS: PF: AE: KEEH25g: 02g: 40ml; &
T TE: WEN 2.0 molV/L AICI; B, BELATEA 5 min, PR AR
10 min.

(4) GAZRMEERE, AT RRMEIRRAEER AlCh: MgCh B/REL
A 12 AREHEAEL, TRMEHERER 3.6 MPa, RAKRERER 2.8
MPa, REWEEY TREX.

(5) #IEMZILEPHRELT S RBKERGRIERE, BXEHIK
P IREEYER, BT KEEREYFERNSNE TREFEMEEER
HE, XFREURH—PHAER; BdESMENLRRIEB R, EHZAL
EYR AH— e ARKEKEE S, B —EBEE: BaRRTAEDEA
HAREE K pH (N 5~6, FEVEHEYINTTRE TREKINE.

(6) &E4SMHT AICL 5B RAERNABELILE, WTHNHEAR
MART EREER Si-0-Al 8K AYRRLIEL RS ER. EIXK -
BES AICL RNAEBRYAR KLY B RIS EL 4T, HEWTHE R E LR
HWEERRE RS ZEE A TEYE Si-0-A1 @1 Si-O-Si BEH, ERE
ALEWREPZBRYSE, BIRMESEHE, BREVHEARBE. FRENKE
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BE AICKL RNGSEMBMLRER S, AR3CRE TESKENTE, #Hk
RE S BEEDERLRE, REREFRE.

PEALRBR -NEREMNEE, PREEERE-MEFERE, iR
EWEAEE ™R P ERKESMA, YHEEEER, DELRRE
¥, RECEZBAVELEERAENERZ —. EHRFREREEDH
BBV RAR LGS IR E RS — 2T KR+ ETIRES .

FRXHAHEH—FRET —ERE. REFNRERE. BIERN. RE
(&R B R F I AR S FLE W%, B TUEa B p vt . HRRA
EREMTAIE BB THEEAR, hTH-PRIEBLENELE, &
FBEAVERIHTIEBRYRR. WHEAEYRE B KRR KESHEY
ERUEFRR, EREH—PEGEHER, DURBEIEEDENR. FEHRA]
AUERAFE—MEERHENITR, BEFIN—E R E KPR = BB
IR 8 RS, Hl&HEESRNBHESEDHE, BRYE
BEPOERES. ZAVEERRT ANNARATSHR, RERE
WREKRKAETF K. HRIBIMIAEHN.
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