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enbossi ng roI4Psarh%avfethE1|1%3§ g"h_ﬁac] @E%&'ﬁr d. The %r %gnve t

enboss- Cross §§§ﬁi 'Elﬁ'li“ A Tinde aty lﬁﬁi‘j }ﬁ%g

internal |and 6dGhe ¥e ﬁatfachnﬁwncg%me@ue&ﬁ,h: Y seém abtnrttmsneed

internal | and 64 lo§ swsdod Gice&smgmf ra;tovsulweb nbstpebesmbzstﬁana madtqb stbreuk t but

may be irreg® Eichpd FE'P‘I t’r lt"ﬁﬂ't H@“ —s“"'“‘p"r
al so, they need tﬁﬁﬁ oot et ggm %?j r(1)0v(\’/

and but are of esentiigg ggﬂeataé dr NupdR Giikek U dRectibiane. e r 37
adhesi ve, as _j néttug t?da brge Gisgreeg] depepding enthe ofvndﬂheofvmbdlttrﬁmeemrﬁm maehineaj sed

land 85 fine 2B JECH S EEM: %*?E%ﬁ&% o f’“ﬂﬁ‘é‘gﬁ ﬁr’“%m g
recess area. Thfestﬁ& % ’fmbd& e, abSepgiid
I engt h to wi dth Matmbos: defailf taeellinghnatédabfok ess fowbo-pli ahead sheve;,mpﬂ;mtatf ﬁ5 1,

.

carried on o g Eqnﬂli hongeholds use Ys‘tereat“te’@}ﬁlﬂbf with | rilp 5 TS andy\kad qhga‘bsef ul
to secure th Se fih SETERong! eql"??'s“?"éncf’ﬁs ¥f nct contrast-to pég-
35 webs together : ‘on- peg type ‘enbossi ng mhere
mated regis- 90 As will be not ed from the foregoing, in tration of’

i dentical enbossnments i's required each instance the resilient roll urges
the web and at substantial speed, roll and peg wear to conformto the
pattern on the steel em are an ever present problem bossing roll 1ocally
stressing the web in the 40 area of the l'and of the enbossing roll; this
Exanpl e 1 stressed web area then in each instance be- ~ ‘A very surtable
towel ling material is pro- 95 comes an internal land of the multi-ply -
sheet duced as follows: creped paper outer webs and the internal land in
each instance borders each having a dry basis weight of about 10.8 a |ess
stressed recess area of its own web. |bs per 2880 sq. ft., a stretch at
break of 45 Each |nternaI Iand also brrdges a Iomer about 32% dry
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wetting to a | arge degree, depending on the w dth) of about 640 grans in
the machine 50 residual stretch or crepe remaining in the direction and
about 310 grans in the cross enbossed web, since the adhered internal |ands

- wat er

ditection, and W th pol yvinyl alconol as the 105 Festrict sSucih TMDVENENt:
adhesi ve bond| ng agent, are formed into a In nore detail, towelling
material for con-. twq:ply sheet-on the equi pment of Fig. 1, ventional
househol d uses ;may be conveniently with the spiral rib pattern and had

char ac 55 rrade on conventi onal king equip- teri st ics as follows:
5 e . H%Qfﬁq? QRg 794 .. 1.hs/2880 sq.
ft. = - Basis we1ght—-lbs/2880 sq. ft. 23. 8 Sheet t hi cknesggg nches at :
0.2 Ib#“sq i nSheet thickne@—ieBes Qi:4 | b/sq [ ngi i%sq if.. 021 Teexsile strength
(gm 3"): s, : sg500 5  0.021 .
€D dry Tensile s‘“"ngi’b@/%dy et b &Y 1000 Crfigt :
- 540 % Stretch . " MD wet 1000 : 19
Absor bent rate-sec. - : CD wet - 540 10.2 10
Absor bent cap? mth?aeis]ég sq in | L L, 2.01
~ Handl e3> Met €Rbsbrlhe capacity—gms/16 sq: in MO i 201 6.3 CD
10. 4 Conpr esi HadibiikMetds (gms) MD 415 The

~spiral pattern used in producing the toweP products hawd Handl e- O Met er
val ues 15 aboVRPHEEe Modlusi h of 0.070". The | ands of gél’l%r ally in the range

- of about lpgSyhl Sach LbemP d direction
( machi 13e aboaél hsﬁ‘d’ 9%%!&%%1?@%&“%%%@&&5‘ vaﬂa% -eg?ﬁﬂ eﬁ‘chW th respect

to the axhespa@f:mt\me 030Y wxdéhalddtmadcdubpmm\ﬁmhme aﬂﬂheross-dimﬁ@s.m ve ‘modul us

val ue is Py f{,a i) %ﬁgg’g‘}gges‘f“égﬂs omerdoaﬁ:ege@émé)alﬁlz%xuwgmm isgch- gr ans
per cubi Qd]!lo@xﬁha r bibs @bk 6 inthrgramb ee cabid ch falthlis &b indi-he sheet

.t hi ck-20catThenabode dhtheeliat ss;fthenﬂﬁa thidk-t Hatl%\ﬂf mtuefglesjss th-l eelses indensi | e
st rengt hﬂgﬁqdﬂ@ler Isuesh VaWe@r @erec t softer
product s AP omnbeaeaaean a @ﬁ@% sswo- pl y
sheets pmnp ﬁ te veamﬁal}}s mhesiadhél'mmﬂe cri bed

© and ccmvplamgmall mlc doftwmune theoml °f 2 }l@ tbyr at e t est
was mades le qod Iemha& etherg %al : 13 ﬁ‘f IaC| ng a 0.1

m. dr op gﬂ athe gyikggi; G.So@dmga btiete Qi aleued by
sanple a rB&and a!cxfygtés Gvaé | gaormed helaghrsasratsrsafn uamomn@rtpeomnuester with a
sanpl éobmlslemat%’ >ﬁﬁ" e\qypsalple, whkmghlt |P§°"‘1 fcfheaﬂgfféf' us r‘j;‘l"‘;? de aeSS| on-

~plates héW]Fr or%lh h‘f”é’&gs‘ \’fer 28 mﬂ & Dy 'i e %&nple. The

- square i BEhigsed @ae@"f” TR I 0SSyt of eéﬁpletas&me@ﬁbe&am%éyssest was

per for meeh thy wetpdn atdeﬁwagmas matwete@fncla ©eding Cex@dpldsN Pl apechment wab én @ Wei ghi ng a
4" x4" %rw&&?l sempls,oak | t provi degange of #&-<§0 gms. oen 46'qu61§1 fibsm t he sl ope

~ with wat “‘?e “2%' 'ﬁgﬁ‘(ft@ﬁ’am o&Wa& é'ﬁ%l“%ius val ue is
derived Meted t6s0THHE tes r iR nﬁ &t langoof 100
- gns/s tha, m4vhine] dind zaVZ" widtdb;r 6”\/\@01@611 ofgrhe ﬁh@le,ohnﬂftmmueg thoden t he
exarrp lm)wn sveqeug% bgqsehrge;a ur-nlcltewe}fe\tmmaﬁgeb ( ﬁ%‘% is the

afll ttég eﬁ'lﬁoﬁﬂﬁglu:gfo f the
sanpl e 1nd1cat10n of sheet stiffness and lower viilae8 § Qenf naﬂﬂ 1y0idWel nfa@Fialdtare \Weei-.75Thi s The
Handl e- Onﬁbiterbettﬁalha@@ Mrlessobffwsnw alst laasit 3 eme ot mows Valugof Pide by
Ccuttify H"sﬁg 2 a{\f ‘{T‘_L HI qensidered (very saisBEIY Y de” sanpl e
' by about “sIX |nches We?ner ndI e-O-Meter in |ong,
separatlng the tvvo outer webs onmam zthe machi ne direction, 2-1/2" w de

by 6" g4P0 p [ S N@éﬁ anpl es were
12ed, Bha hogaat g th&?sniﬂkn% cgﬁta%r‘galv%éb G- Lglgs%%ra?sg%eﬁ i &gr-mlrs ons in an
tion sanjbbwsweqétza id'eﬂih lwekjddb t3?2%/,2! dry Imskrscengthe(streﬂ" detlmyasure the -
force (g?ba\f;.ssz m éqout\ﬁsp ﬂlverowrece Weted for ply
separ g5i g5 p?‘;g,gs_ﬁb mfﬁ‘a‘?&, mﬂl %ﬂf % | ower val ues
vent i onabondiklg hgemp fYeadhOMRr wWABL & flirétlyfly 3lett Gorhedr w1th $pit lﬁlatp&tehetter handl e
and | esshsk ¢heracteristics aByfollogk:l y at | east- 10 gns. nore. Val ues of 25 45
this test procedure, two-ply sheets produced gns. or nore is considered
very satisfactory as described and conventional creped tissue ply
attachnment. Exanple 2 80 A three-ply product was produced enploying the
“same outer webs as in Exanple 1 as the outer webs and using as the center a
web having: a dry basis weight of about 7.7 Ibs./2880 sq. ft.; a stretch

| evel of about 92% a dry tensile strength (per 3" w dth) of -



about 1200 gns. in the machine direction and about 500 gnms. in the
cross-direction; a wet tensile strength (per 3" wdth) of about 510 grams
in the machine direction and about 85 135 grans in the cross-direction;
and pol'yvi nyl —alcohol wWas enpl oy

outer web. A three-ply sheet fornmed mnth the spiral rib pattern had

characteristics as follows: . Basi s wei ght-|bs/ 2880 sq. ft. ..

38.8 Sheet Thi ckness-inches at: 0.2 Ib/sq. in. * 0.026 0.4

| b/sq. in. 4 0. 023 Tensil e strengt hy 4, '3"), _ MD dry _
4120 5 ¢ - i ! AU _ e iy $
2530 MD wet Basis - weight-Zibs 2BBONVGY. ft. _ 770 % Sgg@tch ;,..’""'?
18 Absorbent rat e- se®&heet: Thickness—inches: at: 0.2 Ib/sq.: in: Semel 10 FA

Absor bent capacity-gns/316 Sq.. 10 .. . 04 Ib/sq. in. 4. 9623
Handl e- O Met gr (grarnsjpsjm‘r’i}e strciith | (gins/3 V) MD dry 11% cD

17.6 Conpressive nodul us _ 12721»5;31‘53@ es 3 anaisk 15
Enpl oyi ng the sanme outer webs and process as iap. E%anpl es 1 a?ﬁ@l 2, except
usi ng the paral | el oggafif8hos

sing pattern (Fig. 12) correspgnding two and

three-ply shgets hadAQﬁﬁi rg“’z'sf;;_hﬁg@%qfql lows: - 2-Ply 4; 2-Ply Basis
wei ght -1 bs/ 2880 sq. Hﬁﬂdle-o-Mener (grams) MD 24.0 1§ 38.5 20
Sheet thickness-1In. c 0.2 I bs/Ky in. - 07829
0.037 0.4 Ibs/sqg. in °mp"ess‘ff’6°f§l“s 0.029 Tensile strengt#4{gns/3")
Ml dry - 3550 - 4200 GRniHie¥ 3 and-4 1380 : 2600 VD
wet 21090 830 25 e CD

t 15 ""'"l" ing. the same, o _ s l%?di rf)ggﬁeas in. Examples T and. 2, except using, the _
\fg 1 aralie -- err}[bo]srsm % spondmg _and thx:ee-ply sheets. had"

’ 3 ] follo o

11. 4 2.4 Absor bent capaC| ty gms/ 16°sq. i n. 2-Pl'y-. 2. 1] -
3195 Handl e- O Mot wWefEiB)Ibs/2880" sq. ft. MD 240 6.385 - ,
7.0 30 20  Sheet thlckness—In 02 lbs/s@B © 01029 0.037 5_-. 2

8.3 Conpressive a 0.4 Ibsfsq. im: 0.022 29
329 The paral I. el-glé ﬁrﬁuﬁ‘%’téﬁ’n llded in pr o@i‘cﬁg Exanpl ef3e and fg)%)
pattern depth of about 0.070" and the wi diMDG#ert he | andsospas 0. G30" .
pposi ng acudse and obtuse angl es of one ef@ wsted paral | #80ogr am cﬁ50the
pattern were 60[ 2 i‘z‘n Qae_l_s%O[err] respectively. 35. Enﬁl sed o si ng
si des of ~each pagy } Qg,g@tgu_wmgg({an and 1/4". Exanpl esip and érrpl oyi ng
t he sane outer vﬂ&mﬂlemﬂe@r@m@ss as in Exa%es 1 and 2, 6except u¥rng the
wave errbossr”ﬁg p tern gnFl 13), corresp ing two andS?Shree_ pgy__sheets
had char act erl S- ff?“’& °Tl'g‘fsl ows: - 40

2-Ply Bl rate petiin - JsbS1h B8R i Eddples 3 and 4 had & pattern depth

23 1 ot AR WL SRRkl 3 1 o e g
0.023 . 0 anzle® of) orfe [epploseslypargliglogram: of (ylie) parter were g 1‘?-@°ns‘1=ﬂp@n‘sﬂﬂyr engt h
(gns/ 3") 35 Enclosed oppwgcﬁtcges of. each parallelognzgd{ere 1/8" an 1/ 00 45 :
CD dry _ - 1300 o ZOZOE,M;}PHVB and 6 o 950 710 CD
et -42 yipg: the sam '580- O/%SSt I’eroc:ess as"in. Examples 1 and-2, except using' the:

17 16w£§’§ 3), correspondmg twg: amd-three-ply.. sheets had® characuens-

8.6 -12+ia8 deWolfows: sor bent capacity gns/lb. sqg. in
2.09 4ft- 43 Handl e- O Meter (gms) I\@P
57 . 8 Bl weight—Ibs/2880 sq. . 8.0 14, 9 Cozmr essi ves m)dul us
276 705 Sheet thickness—In. at 0.2 Ibs/sq. in, 0.023 0.039 _
' - 04 --lli‘s{;q..in. 0.018 0.013
Tensile strength (gms/3"’) - MDY 2500 2400
45 : (goms/ : CD dry . 1300 2020
. , MD: wet. 950 710:
T . CD wet . 420 . 580
9% Stretch ' ' : . _ 17 .. 16
Absorbent rate—sec: : 86 ' 22
50 Absorbent: capacity: gmsy/b:. sq im. s ' 209 . 443
- Handle-O-Meter: (gms): : MD- ' 57 7.8
. CD 80 149

Compressive modulus ' 276 705



The wave enbossing pattern used in pro- ness and fluid holding capacity
than the two- ducing Exanples 5 and 6 had a pattern depth ply design
Thereby it is |less subject to the 50 of about 0.050" and the wi dth of the

con- " degree of collapse that occurs Tn a-W-ply_t{1nuods Iands was U.030"
Each si nusoidal design |n whi ch both plie € same 5 portion of
t he conti nuous transverse | ands had- wei ght and stretch characteristics..
a: parallel leagth*with respect to the axis: - Handl e- O Met er . val ues show
t hat t7he spi ral of t he enbossr ng fﬁhbmof 0 420 Each sinu- rib exarrpl es

.are brTgllL ty—stTffer—than—those So—s ot por-tor—eonst+sted—et—tw

hal f = cL.r cI’Es ways thbossing gattdfmmsepahtpmtnaess Addsfinid hdmnghpﬁﬂy fehyy thiawd-Nng a radi us

of 0\0'9 Cétgtﬁ‘f l‘ﬁél b’edesltlt stlﬁ Msequbledtiaqmtehéotm ply
o "o SR PR, e Sl

‘cross-sli p&ﬁéﬂaﬁhea@nﬁmwsd}axb 2 st c‘fands Was 0.180"
expect edz nduﬂelvbngthtMSmp@al tq'e&em \Ne'ﬂﬁndthMeterThhes show\thhd thgiratat er i al made

as desch Et%‘ "§Uﬂﬁﬁi"P@Iftb#ﬂ thg® 58sults in
o oo BB i R These
produdd et sisddUfaRE and the TR em.mpeesr %&J-aig' rmﬁlg 5- as not ed
in the ek ebam@mnmsdmmm@' exposwl Bawdviy) thest bnedues: arherelthiﬂee-

exanpl es, ﬁ%ﬁ @yﬁ%@fin vﬁﬁ:ﬁ“éﬁ“ﬂ’“’a’rﬂ'ﬂmﬁiﬁrﬁnge SHisbln a5y 6t’he

.corrpressgdﬁg pI| R i Seabiofal ShE t As may
The Id\’i/ea:tn;rﬁlmehe mnlaesp chie aReedd e~ { d@npRad "E’ﬂné’% 4%1@ QI pleE,UI% hi gh

stretch %@ ﬂ%?egh@l fsing [patterth etdognawhowatWetm @mmivesnodwtsl valu;kues are,
ly
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t hr ee- pl % he. range

for goo % fi‘iammstm%g%pm‘gﬁ%cg%ﬁvgﬂ T f% VKS Z'EI ng. two-ply
e

@muudowbéure\/\ihﬁdqoftuﬂ towelhﬁf;‘Sl des t he 0ssSi ng pattern and

~ the num Ry o fse%'h‘ble bl s 5, dnEp: ertyelrdtb#numbs in. the
product Hesl JWhile : g’ﬁlghest § ndué(ﬁgi c§< give
duct Chaf;a’iﬁfnaj’nltﬁfeé.ﬂ§ sghhplen or € eXmPMSaldddel skldd

fﬂFEH o0 BG-t {0t he wave
above 22an ﬁbs@si!aestaﬁlngtbrddthdeqaan;dhsmg enbosshng f2&sures eﬁbbyeﬂms Itﬂteedﬁxt-l‘ engt h of

pgly sanpl es.
4 he exa é’g m“ﬁ es the af fected
R SRR e
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. CO!

pattern, stiaugth oirfhsw@llomacimemmo \ﬁﬁthb@ﬁﬂucpaa@hlced by

maki ng® B ef Fe@emwetr nthaeaseppﬂleabletarwemtthereel lb/28800f t hese
fm&’& wﬁtﬁu‘“ﬁ%

changes § j;ré? p% "‘fﬁ’éc‘ﬁ@ retch
cent er v&ytmm B wab e n‘ga Bib afd tgfs_aﬁ"/q% ' Bt e very

littl e tu;ecthehe’mxam{qs teanensilestre : otfaﬂseki% ng:fentedna?odlp;b-baSI s wei ght
st ren$t “’%f° E‘ et"et c out1 W@b‘s"fin an gpvo twigbs;. gemteer webs i n-
the prodyed & mgﬁm lbs/ e Beidep, that are
appl i ¢ahhwh ahigher! dbsortest &p r€s rely e QupplRabie] Prefered S - di r ect i on-
str en msqlcre#sﬂz in: capen greatmlym thw tahges aB- Hslllv/@w@qsﬁtnm &k+et ch

chara ‘%& ogé? i ' s'r”“ftd‘* {REsfired MRY&r dy Quter web
stret Ch m Neerndr ety ’ﬁlﬁ’rouﬁ} | lo%Esﬁm @uc pafd) fslﬁﬁbs i&%{ye?

.appl i cabdees, arhieh,rvrfheilwer trbateh Cfdéater: dhivge , sqll $t6Cantl —exanpl es, . the |east
tensile strength with a |l evel of 25-35% preferred For pro- 40 was

obtai ned with thﬁ e . pat. thern 2'”33’ du signs. of nore than two
,webs, center Ones l@v%l maj r qualrgzz i fferefncsss be- webs having a dry
*basi s wei ght and stretch tween the two and three pIy exanples is the |evel
r angeloof Mpio&sé«ﬂﬂ&ﬁcoshnoeﬁnﬁth tigerigh2 Oplies, tBX0 dfi thé emboadaars kgt capaci ty
of the [FEtoRare Wl'?}’e *&?é‘kh ejzfmapmtemrthfemehl s increase
in capaclg; thef°§1°me JPE eﬁjﬂ Do B ab‘t“f' and 60- 45

basi s Wehgdpuites ﬂk&ﬁlﬁeﬂoﬂ/\ﬁkﬂtl essxagt s&'esds Do il €11k S 1181 €f e ed
- rangd$s g@ﬂes'ﬂq’lyﬂlc%ﬁ'ewtt tsen?;suarféen (rzp" ucas ofctbe degn;gdlwmg basi s

wei ght Bg’s‘ﬁt’ £F9 SWERYCENt er web t han
theg ﬂout gﬁ?% ghﬂ&{ns(f@ £5S. atta ;:E; fen-ed ?go ﬁég@mg Y \whi ch, when
wet , cr emt e&h:ger piytttmellih@ Inmk‘.nal 1. he chalﬁelPﬁyrecesses 120 3-Ply
Fi ni Jido BA¥Y'sdapenidipgitupon. the nature 2of) 1180 °f the embossmgsclk%n 8tbossing nolf gav-e |

5-25 5-25 100 Sheets produced in accordance. with the in-

plies, the graphics of the enbossnents and vention are characterized’
generally by dis- the like. The pressure applied by the em tinctly
contoured rai sed areas corresponding bossing rolls is nost suitably
between about wrth the channe| s or recesses of the enboss- 100 and 300 .
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about 0.015 and 0. 040" thickness at a pres- ferred. Too high an enbossing
pressure may sure or |oading of about 0.2 pounds per sq. lead to web
breakage by a forcing of the in.; a three-ply towelling material may bul k

web tdo severely into the channel S Or recesses 120 110 to U.080" depending
upon the nature of the of the embossing roI | s. An enbossing roll pat- 8
1,382,714 ' ' ' : 8 térn depth of 0.030" to-:
0.080" is generally of the total sheet, up to 25 tines that of fhe

sati sfact orygalthough a range of 0. 040" 1t3§2714nt er, naI Iand area, as al rea§i
not ed. abo 5666 S - 6 oW :
conf or mance of tinedepth: &\MIO’V\E o:nw% ghriStatly 5 of ihuhbﬂrsheetphﬂa tcwzstiimetshm\teﬂ’éheS§N
roll, we have’ t%;ﬂsiac’f?ﬁ OFEh f*}llg?:roé O’batpemtemabbnd erstyprs alreadf @otedl” a cove??fé

t hi ckness of a 'ﬂﬁ conf ‘(‘)g ed Qu Blg_ﬁ c nbossed___wlth

70 to be sat ISSfrﬁE?JePEdﬂ cRIBRG o ywé/\&vpreﬁeta mulé er RREA@Mpli€C eSS
areas provi di ngfogndta¢ode nladmess of dbne lyetngael'of ing /oBposddOo 8vebs Eﬂﬂﬁﬁkeds t 70

R o e

Shor e Dur omelerrafye obi3 AUhET lakd fpéaﬂi Qttkd Be bR toward

preferably 35 tmefetsoly 35 to 45. ' a:ddcmssms kbadxsvh:medfyﬂle h&5

| ands of the 755eqsrly bosser ml :f‘;ve W&f“éﬂ’et ‘ﬁ@ Kging inferpal aeoesees Wb
and bridging i rgget &bﬁ“ﬁ at a
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i nhibit ex- pre,iswan@faptdm é\% efeprrétamn Eﬁg"l  E Thoentie “mgmgtﬁ the
bri dged rece®s tal‘kﬁ@Smaﬂh rin@e Iof nmo" &Ooosas;)omd:int&ﬁnltlhﬂs afeOlﬂﬁed)mﬂi baraem:s of

the inter- sh %06 pawm &he t 4 eet roduct The width 8
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35bul keq o oo JERAEE) D POAdS Ot ﬁﬁ@%@lté fumen Shztwmtmmeet
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