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Characterization for Water Vapor Sorption and Organic Content of Silane-impregnated
Cement-Based Materials
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2. Chemical Engineering Department, Tsinghua University, Beijing100084, China)

Abstract: Silane impregnation is commonly used as a durability protection measure for concrete. Cement-based materials
impregnated with triethoxyisobutylsilane were analyzed by pyrolysis-gas chromatography-mass spectrometry (PGC-MS) to identify
the characteristic structure and amount of impregnation. The main component of the pyrolysis fragments is isobutyl. The water vapor
sorption isotherm (WVSI) was determined to investigate the interaction between moisture and the impregnated materials. There is no
notable difference at a humidity of <30%, the pore condensation (adsorption) and “ink-bottle” effect (desorption) substantially
decrease, and the adsorption/desorption rate increases due to the impregnation at a humidity of>60%. The Xenon lamp ageing (10
weeks) after laboratory accelerated ageing process does not change the silane content and the WVSI characteristics.
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desorption isotherm

AR PG 7K AL BT T 7K e ARk R TR A4 Bl
¥, AP REGERAM RN RS2 . BRI KR
BMBERTE, KB AILBRAES. RAKE, S50
B R R AR ARG RN o R A e S35 7K e B4 R
RS A R FLBL R AT MK, X — I RE PR e
BB, BRI HE AR A ARSI A K
NS, TR B AR I PR R v B IR N . H

Wk H 1 2019-07-09. BATHI: 2019-09-29.

FEETH: ExEATAITR2017YFB0309904); #iiT4 A2 [T 42 il
TR wR R0 (2018035).

FEE: BOF(1996—), B, BiHERITA.

WAEEH: ZRdE1972—), ¥, Mt R

A AR AT 7 T () 2 = B S T LR e e X
IRBEAEHATIR B ER) . 5 LR 2R 1 45 A 7k
BEE s W LA ROK OB AT T Al g4 R A 2465,
DR S Tk Je VR 45 0 7K U8 3 4 e F) P K R 37 A — 52 30
B, —MEAATE 20 a 22451, REBCR BURY HIBR
SERHE, B A U EE R P E
RGBS LR T 145 SRS BRI

Receive d date: 2019-07-09. Revised date: 2019-09-29.
First author: JING Wei (1996-), male, Master candidate.
E-mail: 787863941 @qq.com

Correspondent author: LI Kefei (1972—), male, Ph.D., Professor.
Email: likefei@tsinghua.edu.cn



. 676 CRERR Eh2230)

J Chin Ceram Soc, 2020, 48(5): 675-681

2020 4F

REE FLBR JZ VR L 4 3 S5 2 A DS HIF T 1 356 A )
L, R T LR R TR IR 5 KK SRR 1
He s B R SCER A RE B IR UK e A R A R 1L
55, F B L AN RERBNIR B R R AL
SRR Ol AR s R MR A R A A A L
IR LUK B BB R, 2, FLERE
REGEAT LA HLA) I & 5 LR 5 A TRk 4 AR BLAE
F 2 SR AE R R U

A TAE G 5 T 5 = 2 SR R e oo S0 e
KV RIREA K VIR FEAT IR BT, 8 F R S AH
-5 1 BE 20 M (PGC-MS) iR BRIt Ja 7K e JE 44 )
THANYE R, B RAEEL GV & &
A8 FH 7K 2550 S5 U T e B SR AT 292 35 /K e 24 )
FLBRRM 5K 5 A TAE R d3E— PR Bk
MEHEAT R EE L, A BRI iERE AR
HATEE ST

1.1 FERRRAKREMR

KA KPR SN N EE IR B AR, TRk
PELER 485 PO42.5 7Kg, KIKEEH 0.5, SRR
FRSLAF 2 2808, FHEN 5.5 g/L. Jek /KB TER#E
R 2 min, SRJEIK. BERE, FIREANNIEAE,
FHFET A2 10 min, Z JEHERAAEIN 40 mm*40 mmx
160 mm BLH, JGBEFHOREFEE 5, 78 20 ClHIR
FEHIRYP 1 d, B BN K R gkl 2
90 d WA, IR EREGIA RN AALEE 97% A B R T
— £ FE HE B (triethoxyisobutylsilane , 4 T 3 K
C4HoSi(CoHs0)s), #MUA TG a7 B4, fEB T 2%
PR

B AR TR S I JE7E 60 CHEFR
M5 d, B JE X R IHAT AT BS L bR R m T, Kk
PEFIARERLES K, 3o 075 5 AR B REAR 0.1~0.2 mm 2 []
kL, ShEbeE R 2:1 JRA, 7£ 20 ‘CHI 60%
FIXHE SRS 4 d, ZJETON 60 CHEAE i
B4 d EBRRRRER . IR AR RIR BN A
FENVEACHE, FHRKAIE A HhIE 4 h, BURLE 60 C
HEFEHRE 12 h, SRAFHR AR RE G TG A
AT 3 T R S T PR B S
1.2 At

(1) wUTEL

i T AR S BIR, T e o A
5Bt R, R Q-SUN-XE-3 it #1k
i, FTRIDGHEN 0.35 W/(m> nm)@340 nm, BRI

FER 60 C, ZALFEIEE N 40 C, ZALITFEABLH,
MIXHEEE4ERFTE 5%LL R . IREN A S RIZFH A
L3 g o AR EIA K 56 mm BN 56 A7 DE B £
T, JEREZN 2 mm, NI ZAET,
JE KT A B — 2ELRE it AT 0 AT

(2) AR -

1§ Fl GCMS-QP2010SE 74/ FH th 1 - J5 3% ¢
¢, SKH EGA/PY-3030D R 4 Z4fdas, b3
% % N LABSOLUTIONS GCMSSOLUSTION
RELEASE1.02 . H o, i a3t/ DR N
280 °C, % Ultra alloy-5%30 mx0.25 mm 404,
HANAA: FENR S 7N EI (electronic
impact); #5470 eV, F3457E F 2 amu (atomic mass
unit) 33~600, FLAREAZAFEULE S 600 C . ZLfRRS A]
30 s. BIRERREONBERE D, FESEN 2~3 mg, R
JE A HUTE mlm A R R, BARIRIENE
AR B, TE AR RS 5 AT P T R
&,

(3) ZRKZES S il B bt

1E— U B AR B 3 s T, LB AT RE 2
IR T K 3 A ¥ B B AL K KR R S R
KB, X FRERR R 7K 78 AR T
B RE . W PR R R BT 0N 3 AN B
TEWM 25T EW DL FLBREER .« /KA K
T AT 05 W B -5 B BRI 3 25 A i 1] B 2 ).
SXoF I [1] — AP R A FEE D 5 7K 3R R B P B o /N B
BB . R SCHR R SR F R S50 B B A A A
f13% Langmuir. BET Ml GAB BRI ko5 &
T B0 R B TT P SRR AE AL ) LU SR T AR | R TP R
FLBR > A5 5 LI R kg U119

18 F GAB A5 1 ik 7K 28t Wi o ik e«

W=, K gy ()

(I-K 1)1+ (C = DK - 17y ]

Horre w skt BOAHXRRE T IR B & (g/g)s W IR
ST IR E(g/g); Ch K N 250 ey
NIRSEAERR RS o BRI, KRR I S5 R
B FEAE ) GAB B ik A& ™, i JL B/
it Bt 3l ) 2 1 R A5 A 2 i 3)) /1 %% (Pseudo-second
order kinetics) 7, B[ 7K 78 (it ) B 32 26 55 8 42 1
(B8 BBy i IE E20. 3l ) iy ik Hy,

Lol @

w le02 W,

Hd: Wy RAKZES R KB = (g/g): W R
(g/g)s ¢ VRBHITI(s)s ko R E(s ).




248 B S W oy

Fi 55 REHERBUKJEIER DK TR R ERE S5 A ALY & B IR AL < 677 -

{# i Surface Measurement Systems 2/ 257K 785,
WS B AS IR AT IR 5 FH A IR B it PR 7K 28 5 T ot B
bURF W 3% &S GiBUA k2 =i (Od s AR 1 S 3
JE SR SEELTE 2 FIARRHR B . AR A I E R 21
25 C, B/ B ST A R A R B A 6 AR Ak AR
0.002%/min PLPY . MR 0~90%3E B [X [8] fity 25 3 i
W B R, VR REARARIRAE N 10%. B R AR A
100 mg, i W B sk B2 1 0 X906 2 % 8 9 30%—
90%—30%—0%—90%—0%, HH 30%—0%AH%f
MFETE 10%MI B4k o IR &5 S, L
0%-90%-0% [X_ 7] [ F 45 13k 472 13 o4 RH R R 32 1544
TR0 25 T B e B B 9

2 HERGERAE

21 BIiESh

K1 AR T = ORI GR UK e SR A R
W, WE T ATBLEH: 1 518N CO, g, A RETH
TFESH CaCO; 73 f#, 2 S WEXS /N T H LA,
DR e A AR AR R, R 5 Bk L e
HET R ABEFEAE C—Si BEAL IR BT A 1) 5
TR, HIFHBEA 1.59 min, 255 AN
2.35 min, {REEEE}N 1.75 min.

B 1 Hp I TR AT DS I e A . s i
BAT— B R & B, R IR S AR
H(%)AIFRFE o ARFERIE TR0 BUOP A FL I 35S
BAFRE, 3N 2 g(FE T 22 1 me) I R R (2
FIFEAY), FF 5 T8 EE R 51 b M iR 2 Hoh—
MFERIMAZY 1 g BEREFFARE, 2 DNAEZHBN 60 C
WA AEE, MRS H =R 2 FRE Rk
SRR BRE b JOK R 28 R A, B AR
BIFF AR B R & &2

1— CO,
2— Isobutyl efc.

100 | 2
80
60 -

40 -

Relative intensity/%

20 + 1

0

1 1 1 1 1 1 L 1 1 1 1 L 1 L
1.0 12 1.4 1.6 18 20 22 24
Retention time/min

Bl TR BT i i

Fig. 1 Chromatogram of silane-impregnated sample
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Table 1 GAB model fitting parameters
Ageing time/week Wp/(mg'g') C K R
Neat 0 26.5 1645 0.73  0.997

Material

Impregnated 0 27.2 2893 0.57 0.999
Impregnated 2 22.5 1573 0.61 0.997
Impregnated 4 243 20.45 0.60 0.998
Impregnated 6 24.5 20.31 0.60 0.998
Impregnated 8 243 19.03 0.60 0.998
Impregnated 10 229 19.88 0.62 0.997
Neat 10 29.3 20.65 0.71 0.998
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