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Regularity analysis on corrosion progressive and physical-chemical characteris-
tic of sandstone subjected to Acid Rain

HUO Runke, LI Jing, XIN Hongwei, WANG Bo
(School of Civil Engineering, Xi'an Univ.of Arch.&Tech., Xi'an 710055, China)

Abstract: Simulated indoor accelerated corrosion tests to study chemical corrosion and the variation mechanism of
physical-mechanical properties of sandstone at different stages. With the mass loss rate ,porosity and P-wave velocity to describe
reaction velocity in different concentrations of HCI solution and mutual authentication . The test results show that the relationship of
the mass loss rate, porosity and P-wave velocity exhibit phase features with the immersion time .In 40 days the mass loss rate of
PH=2, PH=3.5 and PH=5 acid solution reaches a maximum to 0.432%, 0.405% and 0.281%; in 0~30 days the porosity of rock
sample produces more obvious , changing of P-wave velocity rate is larger, after 30 days the porosity of rock sample increases slowly,
P-wave velocity changes slowly and finally tends to smooth; the first stage ,Na" dissolution rate of PH=2 solution is up to 264.78 mol
/ d in the initial, Na" dissolution rate of PH=3.5 and PH=5 solution reachs maximum respectively in the middle, 102.28 mol/d and
79.67 mol/d, Ca®" dissolution rate of PH=2 HCl solution is up to 489.50 mol/d, which is 5 times and 4 times in PH=3.5 and PH=5
solution.
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R T 2 F MK SRR A A B PHL BN T SRR
16 5.6, HBINRMMIREE. ARG F A
B, Tk SO S R R, T ELREAR T A R
R TR A4 TN R BRSGE mERBE RS . ik, ¥
5 535 S [5) JE2 T X A I 7 iR e B 35 o
WM T SRS . AR — I BRI RS,
WHSE T BRI AT SR L MRS 5 B R, 5 W iR T
XIS VA ot DA S 8 34 16 PO R, G LA o o
M, VEMfEEMA. BRA SRR N
YRS, R PR T A AP M B 02 i H R e
fE A SO R B RIME M, AORHYBIR
H' 1 SO LREFIMS R . BEDE R T
Ca”\ Mg 25 BH BT BRI S S REVA S R X 7

Y HEA: 2015-08-17 & FmEE: 2016-04-08

F, WEAE SRR, B SR R RIR
A W B — MR IR T A TR T R R — 2. B
SR A W VRIS LR I B T T A AE W
Wb AR AL, Bk T pH XA
TEHUA R SO, A SEAE PV B VA AR
16 BCAERR PR b o, o MIELFAH R, Ak
A BB B SRR, LA R A 3
i it AR AR 43T B A B A E £
BEi K, S T AR BOA TS A A0 RN R AR
FASULTELE R W FHE SRR, K
ezt A A B R S R, A A N RBEAR
Wi, BZGR B A BRI AR RS . xR
SFWRIE T MK BEXT D A NI B 5 S, A

HEEWB: ERARBEEESWHIE (41172237); BRAEEE T E LB H (11JK0947)
TEEEN: BiR (1963-) B, WL, ¥, FENFA T TR T TR EAZERAF T/E. E-mail: huorkdq@xauat.edu.cn



166 o o# R B R ¥ % il (ARRAMR)

A8 %

OB K R A B IELIE R R . A
RHUB SR PR BT DA R O R, S
WIBRAL 2 T ) ek, RESLRAINUR AL 25 b
Pk, RIE A R A7 B R B AL AL BF S I
FHTRERAEIE, XA Al 27 03 R S R A
I P AR AR 80, IRk A ok S [ B
GO P By S BRY SE WA  BF S R IE AR IR
Rz, A, BIGEBUKA LA TP BT
Mba, BoHAS R K BE A HCL R, B RIEAR
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1 R F AR

11 R HEFRYH & SR
KB T DA A AR A BRIV SRR AR,
BT -BHUAERE, AR — R A B E
T, AAER SR 50 mmx100 mm B AR .
WA BRI KOS 558 B RKAaE, &
AT YRS EERAZE KA TG a8 &
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Fig.1 Sandstone samples Microscopic and selected
in experimental
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Fig.2 Mass loss rate changing of sandstone samples
with immersion time
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Fig.3 Porosity changing of sandstone samples

with immersion time
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WA A R I RS, 20~30 d PiE g K ek,
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A 2 643 m/s, 0~30 d P B KR K 10.52%, 30d
BB IR R 2 921 m/s; 30 d Z e A8, 5
40d BB 5 S iE 2 B KA 3 000 m/s. pH=5 ) HCI
VIR IE TR BE AR, 0~30 d B MG KR ALH 4.99%,
B 1R 1L RIS A, 30~60 d P KR 8.11%,
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Fig.4 P-wave velocity changing of sandstone speci-
men soaked
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Fig5. The relationship between P-wave velocity
and porosity of sandstone specimen soaked
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Fig.6 0~90 days hydrogen ion concentration changing in
different concentrations of HCI solution
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30~60~ 60~90 d pH {HAEALVE R 43 A 7E 2.00~3.82,
2.00~3.61\ 2.00~3.33, 4Ky Be4E SBHARAY R R
BEFREE . pH=3.5 [y HCI %, 30d B W pH=7.81
S 5958,60d I pH=7.57 Jp 28908, 90 d I
W pH=7.2 Bk pH=2 Fi1 pH=3.5 fj HC1 3 AE
0~30 d K% 30~60 dfb2: RV EARIZY, HEHEREA
VFE R0 BA 2B, 60~90 d T3
IR, VAR 7= A 0 JE 445 4 L I e eV Y 1)
FEERZHEBN, WAL R ET L 2 30
% . pH=5 [ HCI % 30 dv 60 dv 90 d B} pH &4
B 7.92v 7.85\ 7.86, HBAHZIIIIIE, HEE
WH S EH KRB, ¥R TRERE.
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Fig.7 Na* dissolution rate curve
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HIEI AT E ) Na VAf#E R 0~30 d § PH=2 1
HCl AW h s RAEE 10 KRBT KR 264.78
mol/d, pH=3.5 MLV 20d VAfHE R K
R 102.28 mol/d, PH=5 [)h PR I v VA fif i 2 th J&
FEAS 20 FIRFI T KA 79.67 mol/d. £ 40~60d 1,
PH=2. PH=3.5 J% PH=5 fi{j HCI VAV VA fifik R4k
HR BN, BATERE 50 147.17~48.77
mol/d+ 101.96~24.28 mol/d Fi1 95~27. 46 mol/d. 60~90
d IR AEAE 80d I/ B e /ME., pH=2 ) HCI
W R A 21.96 mol/d, pH=3.5 MV FE AR
15.22 mol/d, pH=5 [J¥AfFHE 2 14.46 mol/d.

VW Na' FEOR A MK G AR, R
B R , A2 RV 4N (3) X, R e H pH=3.5
A pH=5 1) HC ¥ 02 A8 b ek e s maitt, OB
W (4).

NaAlSi;O5+4H +4H,0—Na +A1 " +3H,Si0, (3)

NaAlSi;0g+8H,0—Na +AI(OH), +3H,Si04 (4)

pH=2 [ HC1 %+, 0~10 d PIAL2E R B,
pH=3.5 J% pH=5 fj HCl %+ & & T IR EMH
N, AR ARER, £ 20 d B Na Vs 5ik
B ARAE, 2J5 Na B 7Rl R0 .

B 8 ik T Ca’ Vg, MEHATEH =
Pl AS [ ¥k B HCL Y3 AE 0~30 ds 30~60 d Fi1 60~90 d
DAY P4 S 388 0 Rk S 14 B Ak S iR — B, pH=2.
pH=3.5 J% pH=5 fj HCl yiirh Ca” VMR RIITES
10 d BEEZE AL, 405K 489.50 mol/ds 97.75
mol/d J%& 104.88 mol/d. M EFEGAHBHIR Ca®
IR, ZJa@&iE/N. pH=2 i) HC1 VA
H Ca” YRR HR IR, 43 I pH=3.5 B pH=5 ¥l
i Ca” VA RE R I 5 f5H0 4 4%

WA AR W o 2 B % W R J5 ff 5 T
A EEI A CaCOs, Jififf RAERR IR T H1E
R B, Aan (5) X, HAE R M JEH pH=3.5
A pH=5 MIBRVA K 2 89t 20 itk #reifAE
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(1) BbA By Py B o e 52 R JES ok 2 o S L
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9 B 4 Ik Bl B KA A 0.432% 0.405% Al
0.281%, 30~60 d HHFREHREZERE /N, 70~90 d 7
AR BT B AR 3
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B > e BN A A . 70~90 d AR FLIRBE
ZHm, (EHBE B E TP
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SE R

(1] SRR, Sk 6, B, % o EB W T Bk 1]. 26
BERFERES, 2010,23(5):527-532,
ZHANG Xinmin, CHAI Fahe, WANG Shulan, et al.

Acid rain Situation of Chinese [J]. Environmental Sci-
ence, 2010,23 (5): 527-532.

(2] fUAEIR . FRIEALAIM]. il ARRPET R R,
2002.

HE Suiyuan, Environmental Chemistry [M]. Shanghai:
East China University Press, 2002.

References

(3]

(6]

[10]

[11]

JE38— . BV R T X AR Ll R A 5 i e L B 1 0 SR
U], HBTRFSHERS, 2005, 16(1): 79-84.
ZHOU Junyi. Effect of simulated acid rain and coun-

termeasures Leshan Giant Buddha bedrock [J] Geolog-
ical Hazards and Environment, 2005,16 (1): 79-84.

WARK, FE, A%, & BRI g
PIAHAFLBR S M A 5T L] . 1997, 17 (1) 2 25-31.
XIE Shaodong, ZHOU Ding, YUE Qixian, et al. Effect

of simulated acid rain phase and pore structure of mor-
tar strength of the material [J]. 1997,17 (1): 25-31.

B, SAET, SRR, 4. HGEAME TR
fifsh N 2 LB T] . A KRR %M, 2007,
29(3):204-207.

CUI Zhenang. Bao Zhengyu, ZHANG Tianfu,et al. Ex-
perimental study of carbonate dissolution kinetics under
burial conditions [J]. Journal of Oil and Gas Technology,
2007,29 (3): 204-207.

BER, MIK, 250, %F. PHALNKAEME
B R AEFLBRR B BIRmaL]. B A HERAL S 4
2001, 20 (2): 103-107.

LUO Xiaojun, YANG Weidong, LI Rongxi, et al. Effect
of PH value of feldspar and secondary porosity of solu-
bility[J] Mineralogy, Petrology and Geochemistry,
2001,20 (2): 103-107.

TKOKHE, W, KESC, & KARMBELRRT
FRERR]. HUFRHCER, 2009, 28 (1): 31-37,
ZHANG Yongwang, ZENG Jianhui, ZHANG Shanwen,
et al. Summary of tests on a dissolution of feldspar dis-
solved[J]. Geological Science and Technology Infor-
mation, 2009,28 (1): 31-37.

BE, THiks, BRETC, 5. WIBE B AUNRLA R
IR 22 5 R A b 2 AR IT] . o R
2%: D%, 2004, 34 (1): 45-53.

LAI Xingyun, YUN Bingsong, CHEN Junyuan, et al.
Clastic matrix particle dissolution and thermodynamic
conditions in Kela 2 Gas Field [J]. Science in China:
Series D, 2004,34 (1): 45-53.

WA, R AR RAL ARG LB R BAL T %
W] AA %5 TR, 2002,21(3) : 314-319,
TANG Liansheng, WANG Sijing. Mechanism of water

chemistry of rock damage and quantitative methods [J].
Rock Mechanics and Engineering, 2002,21(3): 314-319.

AR AR, JiE e L, 25 PR AR 7K BN T 5 O I8 i 3 %
EEmMBREHFEI S50 ND%E LRE
#2,2013,32(8):1625-1631.

DENG Huafeng, YUAN Xianfan, LI Jianlin. Experi-
mental research on influence of saturation degree on
sandstone longitudinal wave velocity and strength[J].
Chinese Journal of Rock Mechanics and Engineering,
2013,32(8):1625-1631,

IR BRMEIREE DA WA R Z IR B i 72
B AR R B IR 53 (D). PR: PR
HTR%:, 2006.

HUO Runke. Experimental study on sandstone by acid

etching process and the basic laws of property degrada-
tion of sandstone material under acidic environments[D].
Xi'an: Xi'an University of Technology, 2006.

(%% k)




<<
  /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
  /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 300
  /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 300
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
  >>
  /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


