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PREPACE

Thé U. S. Amy Enginzcer Waterways Experiment S‘.;atibr; , CE, was
authorized to undertake the study repurted herein by 24 indorsement dated
10 April 1957 from the Office, Chief of Engineers, to letter dated 19 —
December 1956, subject: "Project Plan for Proposed CWI Project - FY 1958."
The study was performed under CWI 517, "lacguering of Sample Tubes,” of the
Corps of Engineers Civil VWerks Investigations program, during the period
1957-1959.

Assistance in the sclection and prevaration of suitable paints vwas
glven by the Paint Laboratory, U. S. Army Engineer District, Rock Island.

Personnel of the Soils Division, Vatervays Experiment Station, who
vere connected with the study were iessys. W, J. Turnbull, W. G. Shockley,
T. B. Goods, end A. L. lathews. This »cport was prepared by lir. Mathews.

Col. A. P. Roliins, Jr., CE, and Col. Edmund H. Lang, CE, were Di-
recetors of the Waterways Experiment Station during the period of the in-
vestigation and the prepuration of this report. lr. J. B. Tiffany was

Teciinical Director.
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EUAIARY

Tho purponcs of thin lnvestientdon we s () to obtain or devalop 2
I, pnint, or other couting for steal soilegnmpling tubes which would
peatal ubeanton, hinve lov frleddone)l rosd stance during the sampling drive
erd protect the goil-sumpling tubes rem corroslon during storage; und (bs
Lo develop an eeonomiend modhed of upplying the conting to 4the sampling
Lutse,

Bending and evracdon testo, and frictionel resintance taosts vere per-
Tormed on steel test panels cout.d vith fiflecn types of coating materiuls.
Ueis conventional sempling mechons, fourtuen undisturbed zoill samples vwere
Tobndeen e tvo Bevings An ton sampling tuben couted with the five most
presniang coutings as indiz.ted by the tusts on the panels, in tvo sampling
Labeg contod with the alews lacguor previously used vy WES, and in ¢vo e
eonded tubee,  The test panels and the sempling tubes containing the oume~
ples weve pineed in o heeld sampleestorage room and periodically inspected
Lo dcterudne the reslotane~ of the eootings o corrosion during storage.

Thian of the coutinge testod, two ¢roxy resing and ons varnish,
i pgood abrusion and. corrosion recistance und are considered ouporior
to the vouling proviously used, Fach of theee coatings can be applicd
coemmenteolly to steel coll-sompling t:ibus by dipping and air-drying, The
recing have o lower coefficlent ot friction than tho varnish, and one of
the revine pave oliphtly better corrscion protection than the other. This
crony resin 4o consldered 4he best ¢ the coatings tested and 1o recome
mended 101 use on cteel sollecamplir tubes,

, A dlpping tanic Lor conting 4o sumpling tu s wao developed and 1o
deepibed,

vil

procading pags biank.
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LACQUERING OF SAMPLING TUBES FOR PROTECTION AGAIMST CORROSION
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" PART I: INTRODUCTION

Ve,

ey Ay

Background
1. BSoil samplinug aﬁéﬁgib;ﬁée of s0il samples in metal sampling tubes
are integral parts of the soils foundation explorwtion work conducted by
the Corps of Engineers. Friction between the soil nd the walls of metal
sempling tubes during -~mpling operations disturbs the sampls. structure to
 gome degree. Furthermore, when metal sampling tubes conteining certain
; soils are stored for any length of time, corrosion cccurs on both the in-
: side and outside walls of the tubes. Corrosion on the outside walls is of

P T I
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; 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 semples, (b) damage to the structure of the samples, and
' (c) increased friction vetween the samples and tubes to the extent that

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

e m e D s X R e
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: 2. At the time of this investigation, common practice for protecting
metal sampling tubes from corrosion wes to dip the tubes in clear hard-

A Ny

. lacquer thinned with lacquer thinner. This lacquer provides a protective
' coating that pemmits storage of fine-graincd soils in the tubes for pericds
of 18 to 24 months without detrimental effects. lHowever, abrasive or

rah

coarse-grained soils scratch through the lacquer coating, and successiul f

! storage for reasonabl:> periods of time has not-been possible. The use ol
a tougher, more friction-free lacquer or other coaling would result in de-

. cerecused somple disturbance and increaced corrosion resistance.

{
Purrose and Scowe of Investiectiion :

3. The purroces of the investication were to:

k]
a. Develop, or obtain from cormercinl orerecs, a laequer, ruint, i
or obher coaling for ot ol solle~swn) n vubes vhich would :
renist abeacion, produe. TELete Ceicbeon Jurine, the camplicg
drive, amxl peosieel the o oceling ies Pea corrosion during
SLOXYOG .
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b. Develop an cceonenical mothod of applying the coating to
campling tubec.

%, The Invustigation wos conducted in six stages. The scope of
stage was an follows: '

a. Firct store, Tuc firost stage consioted of a literutur.
senreh, o canvacs of coating manufucturcrs, and communi .
tion with the Pelnt lavoratory, U. 5. Army Engincer Digér.
Rock Island, tu dcetermine the availability of sultable
coutings,

b. Serond stare. The cecond stage concisted of the selecti. .
end procurement of coatings for testing., Twelve commerc..’
costings (dnoauding the hard-lacquer currently used to R
teet sxapling tubes ), end seven coatings formulated and
by the Paint Tuboratory were gelected and procured in su’
cient quantitics for the tests., The major Tactors concit
ir 1hn zelectlon of the coatings were: (u) "pot 1ife”
(lergth of time after nixing coating could be used), ani
canc of upnlicotion to clecl sampling tubes.

e, Third ctase, The third stage consisted of applying the o
ings to smail olenl test ranels and cubjecting the coatid
rencls to abrusion, friction, and corrosion tests.

d. Pburth cstarie. The fourth stage concisted of selecting ih
ot promising coatings indicated by the stapge-three teot

and epplying thece coatings to steel soil-sempling tubes
were to Le usced for obtaining undicturbed soil semples in
ficid.

¢, JFitth stame. The Tifth stage consisted of obtaining undi.-

turbed samples of coarsce-groined soils (fine sand) in the

1c¢ld in the coated tubes, and in uncoated tubes to be us

as control specizens. Resistance of the coatings to abru.:

wus observed during the sampling cperations.

. Bixth stare. The sixth slage consisted of storing the sui-
pling tubes in 2 humid rocem for corrosion tecting. The U

heve been observed for Z-1/. months to date, and photogra: ™

et irrvegular intervals to record the progress of COrrosici.

5., Thic voyort prezents the escential information end results ot~
taired in the gix stages of the investigation., Because of the short ¢
il the tubes huve been in ctorage, it Lo plunned to issue supplementn:
dnda at oo later dale 42 the corrosion resistance of the coatings chang: ¢

sipnifienntly.
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PART 11: THE INVESITGATION AUD RESULTS

Review of Literature and Canvass of ifanufacturers

G. A seareh of avallzble Mtorature and commercial ramphlets, cnd a
canvass o Whiirly munufuclurers of puint, rubber, and gynthetic coatings
ves o et to debermine Lhe avadlability of commerelal products that mipht
Lo cviluble for eonting stcl coilecampling tubog., Also, the Roek Island
Districet Paln. Laboretory wes asked for information on coatings vhich they

ould rormulate that might be gultable Tor stecd sampling tubes

Y. The cewrch, and communications from manufacturers indicated that

coubings which require boliing after ewpplication generally are harder and
more durable than thoge vhich are simply air-driced, but the time and cost
Lovolvel in the process moke their use prohibitive for coating sanpling
Lubo, Therelore, only coeetings Lthatl can be eir-dried were selected for

tecting,

Prelinmineyy Teuts Using Coated Sihecl Pancls

Srovaration of ranels

8. Iilincteen coating products, twelve from cormerclal manufacturers

(i nclu&ing the hard-lacqucr4currehtly used) and seven from the Paint Lab-
ornory, wevre obtained Tor tesiing. These products included rubber come-
rounde, epoxy resins, silicone modifiad resin, vinyl resin, cnamel, var-
nish, wnd leoguers, and ore 1jeted in tzbles 1 and 2, Duplicate 1-1/2- by
]-l/?-in. tont panels of W-guge stundard cold-rolled steel were coated
with these products 3 woo in abrasion end wdheslon tests. After these
tosts, the roost satisfasctory ceatings wore applicd to o set of 3~ by G-in.
punels of the same atec) for use din Criction losts.  From the results of
L prelininery toebe, the coctings havinr the nost desirable character-
iotivn wers Lo be celectcd end used to ceatr sompling tubes which would then
boooubjectod o more sovers toots, ,
e Ther wcimmerelul uoatinfu PRI appTiul vy Alppirg the panels in the
e pes et wbiel ad bean Shicued we shown dn table 1 to give u coat

>

Lhteta e 0 ghoat W DY e pey diving, Moo ﬂcatingu were oach
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uppliced to two ranels vhich had been cleaned thorouphly in o solvent
Lo rewove the protcct;vo greagse cont from the stecl., In some cagas ..
coat wus applicd, and in others two coats were applicd to dctermin: v
a gecond cont would Le benefleial. The coatings supplied by the Fuir-
Tubvoratory were mixed oand applicd to the punels by the Paint lovorut, -,
Theoo contings were cach applied, by dipping, to tvwo sets of pencl:,
of which had bezen cleaned as deseribed above, while the other had Lo
cleanad with phosphate (pickled) aitcr being degreascd., Only one of
Penels received tud coats (soew table 2). :
10. The ot life of the coatings that were used in thesc Lost -
screencd by the manufacturcers, the Paint Laboratory, and the Vuterwuy.
reriment Station prior io their uce in this study, and only those chor”
an acceptable ot lif'e werce used.
Bornding, abrusion. and corroslon tests
11. The two 1-1/2- by 1-1/2-in. ccated steel tect panels (euch
Cesipnated by the came ranel number) were tested for comparative honl!

and abrosion properties. The test consisted of sliding the coatesd s

meas, louwdced to 1.6 ton per s3 ft of contact arca, for a distance of !

in., (lenpth of Arive on most drill rigs) over compacted, wet, fine, un
sand. Two test panels coated with the elear hard-lacquer (test ranel ..
table 1) currently used on sanmpling tubes were used as control specim
for conmparison. The‘sﬁccimenu were examined visually to deterhine the
tent of abrasion of the coutings and the approximdtc area of metal .
Juring the tests. The results of the tests on each set are shown gri*-
togethzr in tables 1 and 2.

12. After the ebrasicn tests the panels listed in table 1, an’
uncouted panel were placed in a humid room and expozed to moximum int.:.
conditions for about 10 months., ‘Ltheue ranels were checked at irreruls”
intervals to deteraine the corrosion resistance and durability of th
Inoas,  In addition, the two Pulnt Luboratory panels which had porfori
entisinetorily in the previous testz (D-1 and D-3) were stored in o .
rova for 2-1/2 wmonths.  The conditions of thc ranels uf&er vu.;ﬁur e

ol ztorere nve shown in tablie 3,
3. The bcn&inﬂ and J»rxuion tﬂntc_Jnd'thu corros

that three of 1hv “ont;
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Labaratory coatings guve much more promising recults than any of the other
coatings tested. These materials yere ao follows:

Test Panel llo, Coating
6 Resin, croxy, clear, catalyzed
T Resin, opoxy, clear, catalyzed
10 Varnish, clear, catolyzed
D-1 Vinyl, aluainum
D-3 ' Vinyl, ijvon oxlide

Frict. .on regiztance tests

1. Friction resistance tests were performed on onc cach 3- by 6-1in.
ranel ccated with the Tive materials listed above to determine the coeffi-
cient of friction betwcen the coated puncls and the fine, angular sand used
in the bonding and abrasion tects. Once pancl coated with the cleer hard-
lacquer previously used on rampling tubes and one uncoated panel wvere also
tesicd Tor frictional resistance for comparicon. The results of these

teste follow:

Test, Yanol No. Coating Coefficient of Friction
0 None 0.265
1l Clear hard-lacquer 0.310
6 Resin, eroxy, clear, catalyzed 0.290
7 lesing, epoxy, clear, catalyzed 0.290
10 Varnich, clear, catalyzed 0.375
D-1 Vinyl, elumirum 0.275
-3 Vinyl, iron oxide 0.315

Tests of Coated Sampling Tubes

15. Pairs of 3-in. ID, 3-1/8-in. OD, ctecl coil-sampling tubes vere
cleancd thoroughly in @ lacquer thinner tath und coated with materials
idertical with those used for the frict.ion recistance test. The coatings
ver: epplied by dipping in a tank similar to that {or 3-in. tubes shown in
nlete 1. Thece tubes, together with a pair of uncoated tubes, were then
asod 1o obtali undiziurbed cumples frem two boring:. One o' each pair of
Lub s vas used In cach boring, with the order of the tubes reversed with
veor-ot o devth to mininivze the oMt of depth and soll type.

15, The swmplen v aeken frew hle to 65-0t depths in uncased bor-
Fpesan fine, angalor sond oith o fleed elston cumpldr;‘thu OOnvcﬁtionul

R 8

et U ed webaod caploy- ot for obininine urdistwrhod sutiples of sand fron

— e ol e :
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belov the water table was used.* The dry unit weight of the sand ranged
from 90 %o 103 1b per cu ft; grain size was uniform throughount the depths
sampled. After the tubes were withdrawn from the borings, expanding
packers for retaining the samples in the tubes were placed in each end of
the sempling tubes; the aamples~weré allowed to drain and were then trans-
“ported to the Vaterinys Eiperiment Station (UES) and stored in the bumid
rocn.

17. The sempling “ubes were removed from the hmid room after 2-1/2
months, examined visuelly for corrosion, and photographed ir. black and

vhite and in color. A 3-in.-long piece was then cut off the bottom of cach

tube and aplit lengthwise. The sample was removed from these pleces dowm
to thzat portion alfected by corrosion, and the inside walls of the pieces
of tube vere examincd snd vere also photographed in black and white and in
color. The tubes then were rciurned to the huid room for continuation of
the cor}osion tests. The condition cf the sampling tubes as detemined
from the visual incpection is given in table 4. The photogrephs are on
file 2t WES.

18. In vicw of the short period (2-1/2 montls) during vhich the
tubes ware subjected to corresicn tests in the hunid room beiore this re-
vory wms preparcd, additionzl visuwal inspectlons and color photographs, it~
copparison with the flirst photographs, will be mole of the outside and in-
side of the sampling tubcs ot G-month intervals to deivermine the extent 1.l
cflfecis of corroclicn alfter further cxposure in the humid room. Gupple-
neatel dota will Yo wublished at a2 later date in the event that “he adli-
tionn? storage Lh.o Indicotos Uizb the rerrosion vooictance of the recpoee-
bive coutinge over ooy oricds of sioraue s sipritTicantly diflerent

| . v I H ) . - . X '
rrom that for o 2-1/2-nonth wieiod ag chown In table b

:
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PART II1: SIBGARY OF REZSULIS

19. The literature search and canvass of various manufacturers in-
dicated that coatings which require baking after application generally are
harder and more dure.bl_e , but the excessive time and cost involved would
make their use prohibitive for coating sampling tubes. Therefore, only

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

' 20. Coatings applied to rtanels that had been solvent-cleaned only
withstood tioe abresion tests as well as those applied to rpanels that had
been solvent-cleaned or phosphate-cleaned (pickled). Consequently, panels
and sampling tubes that had heen solvent-clcaned only were used in subse-
guent tests.

21, Two~-cout aprlicaticn of coatings was investigated in tle pre-
liminary tests, but this vroccduvre was discarded ‘ecause of the extre time
and cost involved and the lack of improvement in the qualities desired in
the coatings.

22. The pot 1lifc of cozting materials was considered, as a short
pot life would entail considerable waste vhen coating a small nuﬁber of
sampling bubes. Some coatings with a relativoly short rot life, such as
the catalyzed coatings (panels 6, 7, and 10), werc the most abrasion re-
sist&ﬁt and vere includced in the final tests, as the good qualities of the
coatings obtained Justified the additional cost resuliing from the unavoid-
able wastage of coating material.

23. The friction tests showed that test panel D-1 had the lowest co-
efficicrt of frictiorn, with the cocfficicnt of friction of test panels 6
and 7 only slightly bigher, and only 9.5 per cent greoter than that of the
test panel with no ecoating. The other twos test panels, 10 and D-3, had co-
efficiends of friction of hl.5 per cent ond 19.9 per cent, recpectively,
areoter {nsn Lhe uneented tnot ranal.

b, Bxuminetion of the sampiing tubes afwer storege in the humid
room for 2-1/2 wmontho dndiceled thnl tub o 6 from boring L shoved the least
corrosion, and e 6, 7, & 1O trom L cing 2 shoved abonbt the arme con-
dition, A cop il s~bhle cmoom™ o the oo Sines on all tubes was odbraded
reg U ontatas a7 e Lo oty The Dot T drive, The ecatingg on

el bo Lhe oo no bl or sone
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areas. Tests indicate that the two catalyzed cpoxy resin ccatings used on
* ‘test panels 6 and T had'the same low coefficient of friction and were

e e P LRI 2 - P

4. s o - - .y . L . . 5
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areas, gave good protection against corrosion, indicating that the entire®
surface was still covered by the coating even though thinly over spmé‘

R I

equally corrosion resistant. These-coatings were eqm}ly corrogion re~
sistant on sampling tubes 6 and T from toring 2, but tube 6 from boring 1
showed more cerrosion resistance than trbe 7 from boring-1.

R T




PART IV: CONCIUSIONS AND RECOMIENDATIONS

Coatinpo

25, The clear croxy resin conting used on tube 6 gave o good or
better results than the other coutings in both preliminary and final teats;
thercefore, it 18 recomnended as the best coating for soil-sampling tubes.
The menufacturer recommended the usce of the coating and catalyst in 1:1
proportion by volume, which gave o muterial of satirfactory as-mixed vig~
cosity for dipping. The maximus pot life of the material 4o 8 hours in
cool weather, and may be as low as 6 hours in hot summer weather. The
conting will dry in a very short time but will not be fully cured and
roady Tor £fleld use in lezo than 7 Jdays. .

26. Tefore the coating is applied, the tubes should be thoroughly.
cloaned with o suitable solvent, such as a 1:1 mixture of mineral spirits
und”zylul, and viped dry with o clean eloth., The coating should be applied
by dipping in a tanl simllar to the one deseribed below, and the coated
tubes allowed to dry in a vertical position with the cutting edge up.

(Uith the tube in o vertical positior any cxeess coating will draln dowme
ward unl any reculting lrrepularity of the conting will be at the 1op of
1he tube, vhich does not come in contact with the soil swaple.) The oame
pling tubcs chould be withdrawn from the coating material at a constunt
rute of approximately 1 It per s«c, which will give a conting thickness of
0.00L to 0.C015 in., when Lhe alr tcaperoture 1o about 7O FF. The slover the

withdraval rote, the thicker the coating obtalned.

Diying "Punle

&7. Dotlefoctory tanks for dipping tubes are shown in plate ., With
Lo uner tubiing of i tank plugrad al the top as showm, only a small
ront by ol coubing muleriad (o required to 1401 the {tank, and wantuge of
pabevind rosedning aflor the sampling tmo-e are conled iz minimized. The
gerar corneebion at Lhe bottom ol the outer Lube will perail dicapaembly
Voot oy cLoandage by oasing Labivg ov plipe of tho Aametors show, umy
e vovoent of tho cumpling thbe during wvithdynval will force thﬁ;
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outside of the sampling tube to touch the inside wall of the outer tubing
of the tank ard prevent tne inside of the sampling tube from touching th:
irner tubing of the tank. Thus, any disturbsnce or marring of the coatin:
dus to contact of the sampling tube with the tank during withdrawal will
be on the outside of the sampling tube, and a smooth, uniformly cocversd

surface on the inside of the sampling tube will be assured.
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) Table 7
Bonelingg and Abrapion Teets on Coutinges Prepurad
by Boek Iolend Pednt Loborntory
”'i‘u.':: Lo -
Poneed Texture Abrasion
It Cont iy of Conting Renintunce Remarks
Ne't Alualnon vinyl Smooth Good Ontdsluctory
P (1 rous) Smooth Good Satisinctory
D=0 Alhvanlunum vinyl Smooth Good, Coating too thici
p.0 (2 couts) Simooth Good Couting too thick
De? Tron onids vinyl Omooth Good Sutdnfactory
Pa’y (1 couL) Smooth Cood Snticfactory
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