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Thoe pUijTuf3; 't,' th IL; wv/tM4.i r ~ (a,) to obta~in or dovolop
.i'(2P ~ptfintl, or o~t11or r.-ugtI:S fo~r lztoeil oil-irwtplig tubou which woul~d

M? ' w:toct t-c, L.inl.i tuboo frcr.&s corrosion dvring storagei; and (1,)
L'~Vvi~~)an o r.-oviolle ,Aod or ujIpying tho, coa~ting to the cmpline

1tn'1n~y anfd atrLcoi torta, *.rini frictiontu. rcintance tests wero pr-
J~ojV3d on~ otca1 too~t Vnals) -'out,,, stith fifii'in types of coating materialo.
IJ~~:';, V 011"'iti~:r I 0-0iplinC; io%;'hs, fcourtuc:it unisturbod zoil samplo ,oro

1'roI"'m 0,10 v~J i in t'ni pin. t.b*e, coutoJI with tho five moot
lv~;sL~.~~u~t,1~~ inW Z~dby tbr! tuoto on thu. Vancls, in twto mampling

Sco',(c'.w. th*, olo'mt- 1icquar provioucly usnod by WIp and in two tn-
Vt1,',! ti." bue M Th ti ,,t iiranclz cund thW! rnp3ing tub*,o containing the scam-

j), ro ;? AI~n v, in.,1d~ nple-at ,ru room and pcriodically inapectud
tb(:~ii. rt rLztune'- of the eoa.ti'ie to 'norroszion durinis storage.

Thr!,w. ofd Owi r.ougtinf t'vatid, tw.i coxy rcoitoi and one varnish,
f , bioi Vl and~ corrosion rrv:4stanwo und r~ro considerod suporior

to~ v'cutirq pv~i u rs od M.cch of those coatings can bo appliod
!0,.l1y to nto coil.-sampling t,-bea by dipping and air-dryintg. The

Shav o u~ lowur coefficient of friction than the varnish, and one of
tlj( rvoinz Cava aligIft3y bottcr corr.)sion protactLon than the othor. This
i*q,oy i%-in i,- qoiu,o±4rod I..Ja beasV c V~ thu coatInca tooted and in recoin-
nridreJ for uo'o ort oto _ i1-(A ~ U tubes,

A dippii tank: for couiUng t1.ei omplig tuf,.o was dayalopod arid in

Preel ag Pg, VIA
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PAP1 1: INTODWTION

Background

1. Soil samplIIJg and storage of soil samples in metal samplInS tubes

are integral parts of the soils foundation explor tion work conducted by

the Corps of Engineers. Friction between the soil -*pd the walls of metal

sampling tubes during - -mpling operationb disturbs the sampl,. structure to

some degree. Furthermore, when metal sampling tubes containing certain

soils are stored for any length of time, corrosion occurs on both the in-

side and outside walls of the tubes. Corrosion on the outside walls is of

little consequence unless deep pitting occurs. However, corrosion on the

inside walls is of considerable concern, as it may result in (a) chemical

changes in the samples, (b) damage to the structure of the samples, and

(c) increased friction between the swnples and tubes to the extent that

-samples cannot be ejected from the tubes without serious damage to their

structure.

2. At the time of this investigation, common practice for protecting

metal sampling tubes from corrosion was to dip the tubes in clear hard-

lacquer thinned with lacquer thinner. This lacquer provides a protective

coating that permits storage of fine-grained soils in the tubes for periods

of 38 to 24 months without detrimental effects.. However, abrasive or

coarse-grained soils scratch through the lacquer coating, and successful

storage for reasonab]k periods of time has not-been .ossible. The use of

a tourgher, more friction-free lacquer or other coating would result in de-

crca d sumple disturbance and increascd corrosion resistance.

Purrose and Seoo of Invotir -tion

3. 'The purposs of the Inve.tiP,).Ion icre Lo:

a., Pvelop, or cbtain from -crw 1r tl "" "rccs, a lac4 . r rdn'
ov' ot.hcr coating foe" 'TA 'ol-.ii:,J ;u ' ubes wUhch woull
r1,V ; St pro'.s].Jn, pIrc,,. ] i ' ' "i V Lcn .u' r:,. h, "..l ! -,
dri ve, aI!t1 fpe'Q'c~t tilt,~~~'bVV I ICsr~iZ ui



b. Duvelop an evotirnica mothod of applyina the coating to
sampling tuber..

4.The Inv,:stJgation wan conducted in six stores. The ocope' or

SwA3 ar, follow:

a. Firot starMc' Tihe firat otagc consisted of a literature_
svDcrrCh, a ecortics of coating manufacturcra, ana cozr~runi;. ,
tv?1 w~ith tho 1'alit Laboratory, U. S. Army Engiricer D-A~;4tr.
Rock Island, tQ dotermino the availability of suitable
Co~tings.

b. Se-,ornd rtagq. Thu scondl stageo concisted of the seleclvl,_
anet p3.ocurc-mcitt of coatizir:, for testin~g. Twelve commerc1-:,

~ t ~r,~(i. 'd~~gthe hard-) acquer currently used to
tccl. =plir4;, 1w'ibc-r), and coven coatintgs formulated and~
by t.'r -Pain~t * .0!ora'tory werec elected and Procured in s!
cifLnt quantitie(.s for the tcsts. The major fa~ctors conx!-;
i,, th' ~'ioi of' the coatingo wre: (a) "Put lifo-"
(1.!vth of timue after mi.xing coating could be used), arn1

e~of app).icatic'n to rotecol sampling tubes.

e,. Th3.rO_ Ctarre. The thircd stage consisted o~f applying the
ig to~ cnall z~~ltelt -anelz and suibjecting the aoat- O

~zUto atrnoun, frict-1on, and corrosion ter3.

d. tarzti-:. Th',- I'oirth utare consisted of SeloCtfln r 4 .

n~z ~or11.iTg oatlng; indicated by the stage-threetv z
anal cpplying t cz oaitineu to steel zoil-sapling tube.-
werc to be urc.d for obtaining undi-turbed soil 3amples ii,

c. P!J fth ctarc. Thc' fifth otaae consisted of obtaining und-U:.-
tvurborrd zamplee of coaroc-Cratned noils (fine sand) in the
flela. in the coatcd ttmbes, and in uncoated tubes to be =~
as rantrol pcimens. Fesistanca of the coatings to abra.,

i:scbtc-rvcd during the sampling cperatiotio.

f'. SEixV, ztare. The sixth stage consisted of storing the '-
p.trg tubas it: a hurld rocn for corrosion testing. The V.,
ha-,ve been obs;crved for ~-/.moriths to date, and photoarn,
at irregular iintcrvals -to record the progress of corro.r'sA*;.

5. Thinc -oi.:ort prcsentr, the esacentiaJ. information and results o"I-

ta1*,Ui.d ill thre Oix ctari of the inveztigtrtion. Because of thte short t

th--t Alw! tubon have been In storage, Jt Is planned to issue suppleont-.'

'1"~ t FA 3a~t",' 1'tuo 14 the e,)tros;Ion resistance oif the coatinall chao

Best Available Copy



P'AHT 3 1: TIIF, IN'",VTG'IYATIOm AID IlIN(JtLTS

Revlow of Ltrature and Canvars of I.T.,nufacturLors

(.A ~wrhor avalI3:abLe lit~i.-raw, and co.=orcial yammphlcita, and a

')f t~h . r y :11nuf-u~etuI'Ll.- of' y:altt, rubb.-r, and zynthr~tic coatirnun
;.w:~~C d2t1''tokL~.rIqlii thi. tw'd].ab;. -J.y of' coiva~urcl~al products htrih

b~ ~ fc~coatng co1-~in~p~hgtub'.-z. Aisoo the R~ock Island

IDltLtrjct Valt.h. Laburvtocy a.; aokecl Ior inforaitic'n on aoat~n~s which thoy

1.0~k ibVO'ruh that mieht be cijitablc: for steet=.i plir.e tubcos.

7.ThL. .- carch, antl ',c,,Liu.nicationr, from manufacturers indicated that

..ij~ hh require ~W( aftf~r tupplicat~on Cgencrally are harder and

3 uab~:than tliozc uh2 r:h are simply air-dried, but the time and cost

.%'oive' in th-.- proce~zr.-k their uj:;e prohibitivce for coating. sam~pling

tubi:. Thc~~vrc, only cur.'Utr: Lhart c-an bc- uir-arivd wvre selected for

8.Ithmteen coatiar_ products, tw'el-vc from cormercial manufacturer-o

(1!1iurr.~tii~har-la~ercurrently uced.) and sr.-ve-n from the Paint Lab-

or~.Wr9,w :r obtainc.'I Awt to.otin~r. These prod-acts included rubber comi-

poundo, ep:oxy rooin-, all-ione raodifi 2'0 esn, vinyl resin, enamel, var-

rii~h ~n~ ~'q:'za~el !!.' I J ctod in tbles 1 and. 2. Duplicate 1-1/9- by

~ -~/~-n. ~i;i::ne1- '.~ i-t~-: t~nNard cold-rod Icc( steel were coated

~: hth'x ow ;wcd'.irto "o-I kw;'.in abruLraon tnnO w-IbQ.Jon tets. After thae

t. ~ th*;z.:~t t~z'a~orycaint.t'; wr:aplid to a sect of' 3- by 6-in.

Of o1. Ca zmc' :.t-ec. Vcxr it in Cri.:tion Lrt.From thu resultu of

1>". ~W ry Vt.t , Lt.(: ii~ hiWvii~r;, 11w iioo;t desirable character-

.1.~;Li w tube 2 anI usew. tD LCa~t ::1ln tWi,!.3 which would. then

1 4- - to Mflr' :' t *

*. h :crx~v.1. o~tr ar.v appI T: by dirpir rthe1-n~hi

<'-I I ~'.,PI ~h~ia' . t t~Ioi:c-i u.;~ :-c~n In tab]o I~ to gi.ve, a coat

~2~ I .r? ! J: pr ~Ii~i~' Ph r eatinruz were 'tac1,



uppli .ld to two ranels which had boon cleaned thoroughly in solvent I

to rowuv, the protective grecase coat from the steel. In some cases .

coat wsuE :.pplied, and in others two coats were applird to doternin, w,

a seoj'.ij] coat v.,oult be bencf'cial. The coutings cupplied by h Pt'ir

S:toraLory w.rc iixed and applied to the panels by the Paint labora ,

Thi:zc coatirC were rnach applied, by dipping, to two sets of r.ciw ,

of which had been cleaned as described above, while the other hal t,

cleun..,d .ith phosphate (pickled) aftcr being degroezd. Only one of"

* puAsh received tu coats (:.. table 2).

10. The i-ot life of the coatings that were uned in the tc'jt:

.. ned by the roanufauturc. , the Paint Laboratory, and the ri, a:.,

r jrimnt Stution nrior to their use in this study, and only those .

an acceoptable rot life were uzed.

Bondi-w_. Ubr,;ior-. and corrosion tests

ii. The two 1-3/2- by 1-1/2-in, coated steel test panels (each

do&;irnatcd by the same panel number) were tested for comparative bnr.

and abrasion properties. The test consisted of sliding the coatet : j:

mc.is, lod'ed to 1.6 ton per !; ft of contact area, for a distance of

in. (J3ength of drive on most drill rigs) over compacted, wet, fine, i:

san,. TV:i test panels coated with the clear hard-lacquer (test pane .

table 1) currently used on sampllng tubes were used as control speciin.

for comparLson. The secimen:r; were examined visually to determine th.

tent of abrasion of the coatings and the approximate area of metal.::.:1

during the tests. The results of the tests on each set are shown Cr-'

togethv_.r in tables 1 and 2.

12. After the abrasion. tests the panels listed in table 3, -n!

0 uncout,:d panel were .. aced in a lumid room and exposed to maximum h'..;

' ondi lA.oz for about 10 months. theLie paneln were checked at irre ,uL

x- ral .Ito deterz:nc the corrosion resistance and durability of th

rj .i.. In jadidti,,n, the tue P..nt Lboratory panelf: which had l'& i

: ,,; .i'r:t- torily In the pre!vlc)t tects (D-. and D-3) were stored ii i

- ,, fR'1' P-1/2 mnur.h. The condit.ion, of the pazi e.ln after VL.'Wu,.
*of :ib hown in "

I':'. Tn bening td -,O ra.nion tests and the eorrosin testa I I iJ,

tV ,UL tfi ',.e rf ,,l,, cc t i. r -, froM-i--an.--- t - -'.'l W t- 116 , ___,'
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Laboratory coatings rvo much more promi sing results than any of the other

Catint tested. These materials fere as follows:

Test Pnnel 1o. Coating

6 Resin, epoxy, clear, catalyzed
7 Resin, ipoxy, clear, catalyzed
10 Varnish, clear, catalyzed
D-1 Vinyl, aluminum
D-3 Vinyl, iron oxide

Frict.1on resistance tests

14. Friction rcsistance tests were perfo,ared on one each 3- by 6 -in.

ranc. coated with the five motcria2.s listed above to determine the coeffi-

cient of friction between the coated panels and the fine, angular sand. used

in th. bonding and %braion tests. One panel coated with the clerr hard-

3. s. r previously Lie'd on sampling tubes and one uncoated ianel were also

testdi for frictional rezistance fcr comparicon. The results of these
test,; fo!]ow.:

Test >nal I No. Coating Coefficient of Friction

0 None 0.265
1 Clear hard-lacquer 0. 310
6 Resin, epoxy, clear, catalyzed 0.290 C-
7 Reuin, epoxy, clear, catalyzed 0.290
10 Varnish, clear, catalyzed 0.375
D-I Vinyl, aluminum 0.275
D-3 Vinyl, iron oxide 0.315

ca

Tests of Coated Samnling Tubec;
.

15. Pairs of 3-in. ID, 3-1/8-in. OD, steel soil-sampling tubes were C0

clcc.nd thoroughly in a laccjucr thinner bath and coated with materials

:den:t -cal. with those used for the frict4on r..sistance test. The coatings

wert' applied by dipping in a tank similar to that for 3-in. tubes shown Jn

plyt*o 2. These0 tubes, togthcr with a air of uincoated tubes, were then
uo.:.'d to otbtai,~ uiiUIz ';b, -:i ples frc: i two bor'i.g... One of each pair of

tub :: ,raj usctd in eztvrh borng, with the ordr oP Lhn tubes reversed vith

to ......h to .. e " t of depth and soll type.

L -,a'ir. '. , rc%. )l- to 65-ft depths in unrcased bor-

. fi ,: I'F,,h. ,n,! .h a i ,-v.1 o ul z ,Ller the eonventionilI. r o :, L .,; I.. " " , I (I *tp -or san1 d f roM,
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beloi the vater table vw used..* The dry unit weight of the sand ranged

frOa 90 to 103 lb per eui ft; grain size was uniform throughoiit the depths

sampled. After the tubes were withdrawn from the borings, expanding

packers for retainiing the samples in the tubes were placed in each end of

the sampling tube-s; the sampler; were alloiwed to drain and were then trans-

ported to the Waterways 11-Toriment Station (t!MS) and'stored In the butid

room.

17. Tho'sampling -tubes vere removed from the humi d room after 2-1/2

months, examined visually Por corrosion, and photographed ii'. black and

white and in color. A 3-in.-long piece vas then cut off the bottom of ech

tube and split lengthvise. Thc sample was removed from tpse pieces down~

to tha-t portion af'fected by corrosion, and the inside walls of the pieces

of tube vere examined end were also phototgraphed in black and white and i n

color. The tubes then were returxned to the hunid room for continuation of

tlJ.re corrosion tes-os. The conidition of the sampling- tubes as determined
from tht' visual irioprection I s given in table 4. The photographs are on

file at WS

18. In vie-i of the short period (2-3/2 months) during whi1ch th(e

tuoL, iv re sub lec t,6 to corrooicn tests in the hvipid room before this rI--

po rt wr-s preparod, a~d-lliono1 vi ,'.oal inspections and color photograpls, -

comrIarioon with the I'-rsL photographs, WlA 11L Maltk! of the o'.tside and -

slile uof tho saraplirL- itubc:s uL 6 -month Intervals to Oecrermine the extent az-,

Cfet; fI oro~ aLtc rtr x ur in tho hvuii roomi. Supplo-

in(-.ital drlata w~11 t2 o,-,~ at a 1at-.r date. in tic c'vc~nt tiaT, t1,ho ad2:.i-

tionrtl ;,tora,,2 {L*di- M.'- o tie ':orr'o;ion rc.;,Lotne of' the ep-

eo~thgco\'r 1';~r>- 'i.C_1; of ~''~iE sloif'cotly difCLervn1U

f'ron! t1t fc,± r i'~-,t KeJas :11-n 1 n -C2~k
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PAE ni: wswnA~Y op, w15U*s

-- 19. The literature search a~nd canvass of various manufacturers in-

clicated that coatings wihi require bain after application generally arIte

harder and more dlarale, buat fte excessive time and cost involved WaOUl

make their use prohibaltivre for coating sampling tubes. Therefore, only

coatings that could be air-dried were considered for the tests.

20,. Coatings applied to ;anels that had been solvent-cleaned only

withstood the tabraslon tests as veUl as those applied to panels that hadJ been solvent-cleaned or, phosphate-cleaned (pickled). Consequently, panels

and sampling tubes that had Ibeen s'~vent-clc'aned only were used in subse-quetttests
21.n Test co. application of coatings was investigated in the pre-j

21iar.ess buocotthspoutr adicre easofhexraim

a:nir tost , butledan ths la'ckr wo s diprove ed in au the xtr timsdei ei

thd coat invovdadtgsa.ofi~oecti h qaiisdsrdi

pt 22. The pot life off coatin~g matterials was considered, as a short
po iewould entail considerable waste when coating a small number of j

samnping tubes. Some coating-c i:Lth a relatively short pot life) such as
the catalyzed coatings (panels 6, 7, and 10), were the! most abrasion re-

sistant and were includccl in the final tosts, as the good qualities of the

coatines obtained Justified the additional cost resulting from the =navoid-

able wastage of coating material.

23. The frictiLon tosts ohowed, that test panel Dl-1 had the lowest co-

efflcic~t orf friction, viLh the coefficicnt of' friction, of' test panels 6
and 7 only slligtly 1higher, antI only 9.5 rpcr cent grecater than that of the

toot ,aiw~l with no Qocatiing. Tft,_ other tiv) test panel.,,, 10 and, D-3, had. co-

officoxt:of friction or' 41.5 rvr c,.ut and V~.9 per cent, re<,-puctively,

B'h.Fxarnin,.,ti 'n of tnc oaYi-rnp c fX ~,zt'fer .-toraje ini tho hvynid

rconl flr ;1-1/2 M'onthz cL.q tintAL hbb from bo1rnt 1 slioio the least

C~,c"I'i t~zb , 7, .10 In.)m 1) :'I nG 2 h abolt Lth'l -vMk con-

(I Iti,:on. A !JI ";J 1.' &L' 'tn!:- coi all tu.% wzas abraded

~ i., ~'',~''' ~ '~~ '' ~ -driv.'. The: c'~~1;on



8

lareas, gave good protection against corrosion, Indicating tha~t the entire,

surface mw still covered by the coating even though thinly over some

areas. 'tests indicate that the two tcatalyzed apoxy resin ccatints used on

test panels 6 and 7 hac'the same low coefficient of frictioii and were

equally corrosion resistant. These -estingd wvere equa~lly corrosion, re-

sistant on sampling-tubes 6-and 7 from l:. ing 2, but tube 6 from boring I

shoved more corrosion resistance than t, be from boring 1.



PARlT IV: C01NCIUSI0T;Z1 ATID ;REC;1J1101DATI0W3

25. Th,; cle~ar upoxy rcin coating used on tube 6 gave aus Good or
bofarcoulto thrnn the othur coatlnga in both p'reiminary arnd final tonto;
thcicQforc, it is recomnacled as the beat coatin~rg for coil-samplIng tuban.
The~ rn*nufacturcr reco~nd.,. the uoc of the coaing and ccatalynt in 1:1
prororticn by volumep which eava a mtcLLrIO.2 of satirfactory au-rnixed vis-
cority for dipping. The mnaxitmu pot life of thu niuterial io 8 houro In
coo (0)irather, and may be a3 low ac 6 hourz in hot summier weather. The

4' Iilcr navr hr ~me bt, will not be fully cured and
rr.,.-rly for V'.~ed use in lwe than 7 0iayo.

26. Before the coating is applied, the tuboo chould be thoroughily.
c!J.l arn* with a suitable !olvant, fluu.h an~ a 1:1 mixture of inJineraJ. opirits

atr zw 'y!.ul, atnd vrlyped dry with a clean cloth. The coating~ ,hould bo applied

by dippine in a tatnk o-'Arniar to the onc dacibcr below, and the coated

* tulc, ailovtccl to dry in a vortical posittion with th2- cutting edge up.

07-11h the t',ib,. In a vctrticaal ponition ar~y excez. coatina will drainl don-
an' ri' ly z'";ultin; .i.elpr~J~7i ty cP the. cotrIng will be n~t tho top of

-thc- tub, vhich does not como in contact with the aoil nwnpla.) Tha onm.-

pl-Ine tubec rchould be withidrawn fr'om the coating material at a constant

r~eof approximately 1 ft per sowhich wil.3 rive a coatina thicknooo of

0.01)J to 0.00,1 5 in. * vhL- the air tomp~erature to about 70 F. The clover the

Ai iLdrawa2. ravte, the t~iil cer the coutin~ obtaIt tud..

M,,J,~.-,iiactory tarnkri for dipping tuben arc ahailn 1.n plate J. With

* IL L:~'r t~4n~of th. Lv': .w~ M the" to)) Cto nho 4?, Onl.y a Uwal2.
* .1:y ' tr :.riL), Lo ".uiirod to fill thc tan, arld Wantur.0 of

S"I -L J. n: nt an f "L'.. r th! cumln Cn v't f.) 'ar coated 10 mJnnii ied. Th~

I I .. P*t,t,,injl .at IWA.. 1*'iwx 01 -. 14* ixt*%, will* Vur*Iit -** U4. = bf*Ii*V

c'.;' 'V~ hg ~/ 1.1Y l t-6bin.' or j3 ~a'th-. -lin-moer. nlcii r3hAn tt

* ~ ~ ~ tW~r~nn1.Lr~ t~~ i':~'~1dttdv~wr~ wl] Porce tho
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outside of the sam ning tube to touch the inside wall of the outer tubingc

of the tank and prevent the inside of the sampling tube from touching t],¢

inner tubing of the tank. Thus, &ny disturbance or marring of the eoatir

due to contact of the sampling tube- with the tank during withdrawal will

be on the outside of' the sampling tube, and a smooth, uniformly covered

surface on the inside of the sampling tube vill be assured.
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Table 4
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